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ETCHING SOLUTION FOR ETCHING POROUS SILICON, ETCHING
METHOD USING THE ETCHING SOLUTION AND METHOD OF
PREPARING SEMICONDUCTOR MEMBER USING THE ETCHING

SOLUTION

BACKGROUND QF THE INVENTION

Field of the In&ention-

This invention relates to an etching solution for
porous silicon, an etching method using the etching
solution and a method of producing a semiconductor
member using the etching sclution. Particularly, thié
invention relates to a method of producing a
semiconductor member which is suitable for separation of
dielectric materials or electronic devices, integrated
circuits prepared on a'monocrystalline semicghductor
layer on an insulating material.

Related Background Art’

Formation of a m;nocréstalline 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‘cannot.be reached by
bulk Si substrates for preparation of cqnventional Si
integrated circuitQ.Are possessed by ﬁhe-device

utilizing the SOI structure, so many researches have
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been done. More specifically, by utilizing the SOI
structure, the following advantages can be obtained:

1. Die;ectric isolation can be easily done to
enable high degree of iﬁtegration;

2. Radiation hardness is excellent;

3. Stray capacit? is reduced to attain high speed;

4. Well formation step can be omitted;

5. Latch-up can be prevented;

6. Fully depleted field effect transistor can be
madé by thin film formation.

In order to realize the many advantages in device
characteristics as mentioned above, studies have been
made about the method for forming the SOI structure for
these some 10 years. The contents are summarized in,
for example, the literature as mentioned below:

Special Issue: "Single-crystal silicon on.non—
single~crystal insulators"; edited by G. W. Cullen,
Journal of Crystal'GrowEhf-Voiume 63, No. 3, pp. 429 - 590
(1983). -

Also, it has been known for a long time to form the
SOS (silicon on sapphire) structure by heterocepitaxy of
Si on a monocrystalline sapphire substrate by CVD
(chemical vapor deposition) method. This was
successful to some extent as the most mature SOI

technique, but for such reasons as a large amount of
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crystal defects because oﬁ lattice mismatching at the
interface between the Si layer and the Sapphire'
substrate, introduction of aluminum from the sapphire
substrate into the Si layer, and above all the high cost
of the substrate and delay in enlargement of the
substrate wafer size, it is obstructed from being widely
applied. Relatively in recent years, attempts to
realize the SOI structure without use of a sapphire
substrate have been done. Such attempts may be broadly
classified into the two shown below:

(1) After surface oxidation of an Si
monocrystalline substrate, a window is formed to have
the Si substrate partially exposed, and epitaxial growth
is proceeded in the lateral direction with that exposed
portion as the seed to form an Si monocrystalline layer
on SiO;. (In this case, deposition of Si layer on SiO3
is accompanied).

(2) By use of an Si'moﬁocrystalline substrate
itself as an active layer, SiO; is formed therebeneath.
(This method is accompanied wit no deposition of Si
layer) .

As the means for realizing the above (1), there
have been known the method in which a monocrystalline Si
layer is formed directly to lateral epitaxial growth by

CvD, the method in which amorphous Si is deposited and
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subjected to solid phase lateral epitaxial growth by
heat tfeatment, the method in which an amorphous or
polycrystalline Si layer is irradiated convergently with
an energy beam such as electron beam, laser beam, etc.
and a monocrystailine layer is 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 recrystallization). These methods
have both advantages and disadvantages, they still have
many problems with respect to controllability,

productivity, uniformity and quality, and none of them

-have been industrially applied yet up to date. For

example, the CVD method requires sacrifice-oxidation in
flat thin film formation, while the crystallinity is
poor in the solid phase growth method. On the other
hand, in the beam annealing method, problems are
involved in controllability such as treatment time by
converged beam'scanning, the manner of overlapping of
beams, focus adjustment, etc. Among these, the Zone
Melting Recrystallization method is the most mature, and
a relatively larger scale integrated circuit has.béen
trially made, but still a largé-number of crystal
defects such as point defects, line defects, plane
defects. (sub-boundary), etc. remain, and no device

driven by minority carriers has been prepared.
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Concerning the method using no Si substrate as the
seed for epitaxial growth which is the above method (2),
for example, the following methods may be included.

1. An oxide film is formed on an Si monocrystalline
substrate with V-grooves as anisotropically etched on
the surface, a polycrystalline Si layer is deposited on
the oxide film thick to the extent as the Si substrate,
and thereafter by polishing from the back surface of the
Si substrate, Si monocrystalline regions dielectrically
separated by surrounding with the V-grooves on the thick
polycrystalline Si layer are formed. In this method,
although crystallinity is good, there are problems with
respect to controllability and productivity in the step
of depositing the polycrystalline Si thick as some
hundred microns and the step in which the
monocrystalline Si substrate is polished from the back
surface to leave only the Si active layer as separated.

. 2. This is the method called SIMOX (Separation by
ion-implanted oxygen) in which an $iO; layer is formed
by ion implantation of oxygen into an Si monocrystalline
substrate, which is one of the most mature methods
because of good matching with the Si-IC (Integrated
Circuit) process. However, for formation of the SiO;
layer, 1018 ions/cm? or more of oxygen ions are required

to be implanted, and the implantation time is very long

AR
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to be not high in productivity, and also the wafer cost

is high. Further, many crystal defects remain, and
from an industrial point of view, no sufficient level of
quality capable of preparing.a device driven by minority
carriers have been attained.

3. This is the method to form an SOI structure by
dielectric isolation according to oxidation of porous
Si. '~ This is a method in which an N—type_Si layer-is
formed on the surface of a P-type Si monocrystalline
substrate in shape of islands by way of proton ion
implantation (Imai et al.,

J. Crystal Growth, Vol. 63,

547 (1983)), or by epitaxial growth and patterning; only
the P-type Si substrate is made porous by anodization in
HF solution so ‘as to surround the Si islands from the
surface; and then the N-type Si islands are
dielectrically isolated by accelerated oxidation. In
this method, the separated Si region is determined
before the device steps, whereby there is the probiem
that the degree of freedom in drive and circuip design
may be limited in some cases.

A light-transmissive substrate is important for
forming é contact sensor serving as a light-receiving
device and a projection-type liquid crystal image
display. A high—quality driving device is required

for further increasing the density,'resolution and
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definition of the pixels (picture elemeht) of such a
sensor or display. It is consequently necessary to
produce a device to be provided on a light-
transmissive substrate by using a monocrystalline layer
having excellent crystallinity.

However, if an Si layer is deposited on a light-
transmissive substrate such as glass substrate, etc.,
the Si layep is generally an amorphous layer
or, at best, a polycrystalline layer because the Si
layer reflects the disorder of the crystal structure of
the substrate, and no high-quality device can thus be
formed by using the Si layer. This is because the
substrate has an amorphous crystal structure, and thus a
monocrystalline layer of high quality cannot be easily
obtained by simply depositing the Si layer. It is
therefore difficult to produce a driving device having
properties sufficient for the present demands or future
demands because the crystal structure of an amorphous Si
or polycrystalline Si has many defects.

Further, any one of the methods using an Si mono-
crystalline substrate is unsuitable for obtaining a good
monocrystalline film on a light-transmissive substrate.

'Takao Yonehara, one of the inventors, previously

proposed a method of forming a semiconductor substrate
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which is capable of solving the above problems in Japanese
Patent Application No. 2-206548.

The method of forming a semiconductor substrate
disclosed in Patent Application No. 2-206548 comprises
forming a substrate having a non-porous semiconductor
monocrystalline layer and a porous semicénductor layer,
bonding another substrate having an insulating material
surface to the surface of the monocrystalline layer, and
removing the porous semiconductor layer by etching.

This invention has been achieved for improving the
invention disclosed in Patent Application No. 2-206548
previously proposed.

The method of forming a semiconductor substrate
discloséd in Patent Application No. 2-206548 comprises
the step of removing porous Si by selective etching.

Porous Si is described below.

Porous Si was discovered in the course of research
on electrolytic polishing of a semiconductor which was
conducted by Uhlir et al, in 1956 (A. Uhlir, Bell Syst.
Tech. J., Vol. 35, pp 333 (1956)).

Unagami et al. investigated dissolving reaction of Si
during anodization and reported that the anodic reaction
of Si in a HF solution requires positive holes, and
that the reaction is expressed as follows (T. Unagami,

J. Electrochem. Soc., Vol. 127, pp 476 (1980)):
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Si + 2HF + (2-n)et > SiFs + 2HY + ne” (1)

SiFsy + ZﬁF % SiF4 + Hy (2)

SiF4 + 2HF > H2SiFg _ (3)
or

Si + 4HF + (4-Met > SiFg + 4HY + de” (4)

SiF4 + 2HF > H2SiFg . (5)

wherein et and e~ respectively denote a positive hole and an

electron, and n and A each denotes the number of positive holes
required for dissolving one silicon atom. Porous Si
can be formed when the condition, n > 2 or A > 4, is
satisfied.
It is therefore found that positive holes are required for
forming porous Si, and that P-type Si can be more easily
made porous than N-—-type Si. However, it is also known
that N-type Si can be made porous if holes are implanted
thereto (R. P. Holmstrom and J. Y. Chi, Appl. Phys.
Lett., Vol. 42, 386 (1983)).
The density of the porous Si layer cah be changed
to the range of 1.1 to 0.6 g/cm3 by changing the
concentrgtion of the HF solution from 50 to 20%, as
compared with the density of 2.33 g/cm3 of
monocrystalline Si. The porous Si layer has pores
having an average size of about 600 A which was measured
by observation by a transmission electron microscope.

Although the porous Si layer has a density which is half

This Sheet Has Been Replaced

Ml




10

15

20

25

- -10-

orlless than that of monocrystalline Si,
monocrystallinity is maintained, and a monocrystalline
Si layer can be formed on the porous layer by epitaxial
growth.

Although the volume of an Si monocrystal is
generally increased by 2.2 times by oxidation, the
increase in volume can be suppressed by controlling the
density of the porous Si so that the occurrence of
curvature of a substrate or the occurrence of a crack in
a monocrystalline layer remained on the surface
can be avoided during the oxidation process.

The volume ratio R of monocrystalline Si to porous Si
after oxidation can be expressed as follows:

= 2.2 x (A/2.33) (6)
wherein A denotes the density of porous Si. If R =1,
i.e., there is no increase in volume after oxidation, A
= 1.06 (g/cm3). Namely, if the density of the porous
Si layer is 1.06, an increase in volume, which is caused
by oxidation, can be suppressed.

It can be said that at present, porous Si is squécted
as such directly to subsequent steés (epitaxial growth
and oxidation) after producting it, and the porous
Si itself is not processed. This is because the porous

Si cannot be easily processed or removed with good

e
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controllability. Namely, it has been not reported yet
that porous Si is etched with good controllability.

In addition, P generally shown by the '
following equation is referred aé porosity:

P = (2.33 - A)/2.33 (7)
When the value of porosity is adjusted to 30 to 55%
during anodization, the properties of oxidized porous Si

can be equalized to those of a monocrystalline Si oxide

film. The porosity is expressed as follows:
P = (ml - m2)/(ml - m3) (8)
or
P = (ml - m2)/pAt (9)
wherein ml: total weight before anodization

m2: total weight after anodization

m3: total weight after removal of porous Si
p: density of monocrystalline Si
A: area of porous region

t: thickness of porous Si

‘However, the area of the porous region cannot be

accurately calculated in many cases. In this case,
although the equation (8) is effective, the porous Si
must be etched for measuring the value of m3.

In addition, during epitaxial growth on the porous
Si, the porous Si is capable of relieving distortion

produced during heteroepitaxial growth and suppressing
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the occurrence of defects. However, in this case,

since it is clear that the porosity is a very
important parameter, measurement of the porosity is
necessary and indispensable. |

Known methods of etching pbrous Si are the
following methods (1) and (2):

(1) The method of etching porous Si with an aqueous
NaOH solution (G. Bonchil, R. Herino, K. Barla, and J.
C. Pfister, J. Electrochem. Soc., Vol. 130, No. 7, 1611
(1983)).

(2) The method of etching porous Si with an etching
solution which is capable of etching non-porous Si.

In the above method (2), a fluoronitric acid-type
etching solution 'is generally used, and etching of Si
proceeds as follows:

Si + 20 & 8Si02 (10)
SiOz + 4HF 3> SiF4 + H20 (11)

As shown by the above reaction formulas, Si is oxidized.
to SiOz, and the SiOz produced is etched with
hydrofluoric acid.

Examples of etching solutions for non—pofous Si
include the above fluoronitric acid-type etching solution
as well as ethylenediamine-type, KOH-type and hydrazine-

type etching solutions and the like.
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In this invention, it is necessary in selective
etching of porous Si to select an etching solution which is
capable of etching perous Si, other than the above
etching solutions for non-porous Si. The porous Si is
generally selectively etched by the above method (1)
which uses an aqueous NaOH solution as an etching
solution.

As described.above, both porous and non—-porous Si
are etched with the fluoronitric acid-type etching
solution.

On the other hand, in the conventional method of
selectively etching porous Si wiph an aqueous NaOH
solution, Na ions are inevitably adsorbed on the etched
surface. Since the Na ions cause impurity
contamination, are movable and have adverse effects such
as the formation of a interfacial states, the ions must not

be introduced into the semiconductor process.

SUMMARY OF THE INVENTION

An object of this invention is to provide an
etching solution which efficiently, unifofmly,
selectively and chemically etches porous Si without
affecting the semicbnductor process and’

etching non-porous Si.
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Another object of this invention is to provide a
method of preparing a semiconductor member using an
etching solution for uniformly and selectively etching

porous Si.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1la and 1B are schematic views explaining
an etching step using an etching solution of this
invention;

Figs. 2A and 2B are schematic views explaining
an etching step using an etching solution of this
invention;

Figs. 3A to 3C are schematic views explaining an
etching step using an etching solution of this
invention;

Figs. 4A to 4C are schematic views explaining an
eﬁching step using an etching solution of this
invention;

Figs. SA to 5D are schematic views explaining an
etching step using an etching solution of this
invention;

Figs. 6A to 6H are graphs showing the etéhing
properties of porous and non—porous Si when etching

solutions of this invention are respectively used;
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1 Figs. 7A to 7H are graphs showing the relations

between the etched thickness (etching depth) of porous Si
and etching time when etching solutions of this invention
are respectively used;

5 Fiés. 8A to 8C are schematic views explaining a
process for preparing a semiconductor member of this
invention;

Figs. 9A to 9D are schematic views explaining a
process for preparing a semiconductor member of this

10 invention;

Figs. 10A to 10C are schematic views explaining
a process for preparing a semiconductor member of this
invention;

Figs. 11A to 11D are schematic Views explaining

15 a process for preparing a semiconductor member of this
invention;

Figs. 12A to 12C are schematic views explaining
a process for preparing a semiconductor member of this
invention;

20 Figs. 13A to 13C are schematic views explaining
a process for preparing a semiconductor member of this
invention; and

Figs. 14A to 14D are schematic views explaining
a process for preparing a semiconductor-member of this

25 invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to one aspect of this invention, this
invention provides a chemical etching solution for
etching porous silicon.

A first embodiment of the chemical.etching solution
of this invention is hydrofluoric acid.

A second embodiment of the chemical etching so;ution is a
mixture containing hydrofluoric acid and an alcohol.

A third embodiment of the chemical etchiﬁg solution is a
mixture containing hydrofluoric acid and hydrogen
peroxide.

A fourth embodiment of the chemical etching solution ié a
mixture containing hydrofluoric acid, .an alcohol and
hydrogen peroxide.

A fifth embodiment of the chemical etching solufion is
bufferedihydrofluoric-acid.

A sixth embodiment of the chemical etching solution is a
mixture containing buffered hydrofluofic acid and an
alcohol.

A seventh embodiment of the chemical.etchihg solution is
a mixture containing buffered.hydrofluoric acid and
hydrogen peroxide.

A eighth embodiment of the chemlcal etching solution is a
mixture of buffered hydrofluorlc ac1d, an alcohol and

hydrogen peroxide.
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The etching method of this invention comprises
selectively etching porous silicon using the etching
solution of this invention.

According to another aspect of this invention, this
invention provides a method of preparing a semiconductor
member,

A first embodiment of the method of preparing a
semiconductor member of this invention comprises forming
a substrate having a non-porous monocrystalline silicon
layer and a porous silicon layer, bonding another
substrate having a surface made of insulating material to the
surface of the monocrystalline layer, and etéhing the .
porous silicon layer by immersing it in hydrofluoric
acid.

A second embodiment of the method of preparing
a semiconductor member of this invention uses each of
the second to eighth forms of the etching solution of
this invention in place of hydrofluoric acid used as an
etching solution in the first form of the method of
preparing a semiconductor member of this invention.

A third embodiment of the method of. preparing a
semiconductor member of this invention comprises the
steps of making a silicon substrate porous, forming a
non-porous monocrystalline silicon layer on the silicon

substrate made porous, bonding a light-transmissive glass
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substrate to the surface of the non-porous
monocrystalline silicon layer, and selectively etching
porous silicon so as_to remove porous silicon by
chemical etching using an etching

solution of this invention by immersing the

silicon substrate made porous therein.

A fourth embodiment of the method of preparing a
semiconductor menmber of this invention comprises the
steps of making a silicon substrate porous, forming a
non—-porous monocrystalline silicon layer on the silicon
substfate made porous, bonding another silicon substrate
having an insulating layer on the surface thereof to the
surface of the non-porous monocrystalline silicon layer,
and selectively etching porous silicon so as to remove
porous silicon by chemical etching using
an etching solution of this invention by immersing the
silicon substrate made porous therein.

A fifth embodiment of the method of preparing a
semiconductor member of this invention comprises the
steps of making a silicon substrate porous,iforming a

non—-porous monocrystalline silicon layer on the silicon

substrate made porous, forming an oxide layer on the surface

" of the non—-porous monocrystalline silicon layer, bonding

a light-transmissive substrate to the surface of the
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oxide layer and gelectively etching the silicon
substrate made porous to remove it by chemical
etching using an etching solution of this invention by
immersing the silicon substrate made porous therein.

A sixth émbodiment of the method of preparing a
semiconductor member of this invention comprises the
steps of making a silicon substrate porous, forming a non-
porous monocrystalline silicon layer on the silicon
substrate made porous, forming an oxide layer on the surface
of the non-porous ﬁonocrystalline silicon layer, bonding
another silicon substrate having an insulating layer on
the surface thereof to the oxide layer formed on the non-
porous monocrystalline silicon layer, and selectively
etching the silicon substrate made porous to remove it
by chemical etching using an etching solution
of this invention by immersing the silicon substrage
made porous therein.

In each of the above embodiments according to the
method of preparing a semiconductor member of the present
invention, the etching step may be carried out with
coating the surfaces other than the surface of the silicon
layer made porous with a protecting material before

etching.
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1 The etching solution for porous Si of this
invention is capable of uniformly and efficiently
etching porous Si without the danger of contaminating
the semiconductor process.

5 The etching method of this invention can be applied
to usuél semiconductor processes and is capable of

selectively etching, with high accuracy, the porous Si
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provided on the same substrate provided non-porous
Si to remove the porous Si: -because a

chemical etching solution which does not etch
non-porous Si is used.

The method of preparing a semiconductor member of
this invention is excellent in productivity, uniformity,
controllability and economy for forming a crystalline Si
layer having excellent crystallinity equal to that of a
monocrystalline wafer on insulating substrates
such as light-transmissive insulating substrates
represented by a glass substrate.

The method of preparing a semiconductor member of
this invention is capable of realizing the advantages of
conventiqnal SOI devices and can be applied to wvarious
fields.

The method of preparing a semiconductor member of
this invention can also be used in place of the
expensive SOS or SIMOX used for prdducing a large-
scale integrated circuit having the SOI structure.

In addition, the method of preparing a
semiconductor member of this invention comprises the
steps of chemically removing the lower portion of a
monocrystalline Si substrate of high quality used as a
starting material, with leaving only a monocrystalline

layer on the surface thereof, and bonding the substrate
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to an insulating layer, and thus enables many treatments
to be performed for a short time and has excellent
productivity and economy.

Further, the hethod of preparing a semiconductor
member of this invention can use a chemical etching
solution which has a bad effect on the
semiconductor process in etching of porous Si and
exhibits an etching selection ratio of a five digits
value or more of porous Si to non-porous Si and

excellent controllability and productivity.
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1 I. A description will now be given of the etching
solution in accordance with the present invention.
I-(l) A description will be made first as to the case
where hydrofluoric acid is used as the electroless wet

5 chemical etching solution for porous Si, with specific
reference to Fig. 7A. .

Fig. 7A shows the etching time dependency of etched
thickness of porous Si when the latter is etched by being
immersed in hydrofluoric acid. The porous Si was formed by

10 anodizing a monocrystalline Si. The conditions of
anodization are shown below. It is to be noted, however,
that the starting material for producing porous Si by'
anodization is not limited to monocrystalline Si and Si of
other crystalline structure may be used as the starting

is material..

Voltage applied: 2.6 (V)

Current density: 30 (mA-cm—2):

Anodizing solution: HF:Hp0:C2HsOH = 1 : 1 : 1
20 Tinme: 2.4 hours

Thickness of porous Si: 300 (pm)

. Porosity: .56 (%)

Test pieces of the porous Si thus prepared were

25 immersed in 49 % hydrofluoric acid solution (white circles)
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and 20 % hydrofluoric acid solution (black circles) both at
the room temperature, and the solutions were agitated. The
reduction in the thickness of these test pieces of the
porous Si were then measured. A large etching rate was
observed: namely, 90 pm in 40 minutes in case of the 49 %
hydro hydro acid solution and 72 Um in 40 minutes in case
of the 20 % hydrofluoric acid solution. After elapse of
80 minutes, the porous Si test pieces were etched by 205 um
with a high degree of surface state in case of the 49 %
hydrofluoric acid solution, whereas, in case of the 20 %
hydrofluoric acid solution, the etching depth was 164 um
after elapse of 80 minutes.

The etching rate has dependencies on the concentratlon of
the etching solution and the temperature. The etchlng
solution concentration and temperature are suitably determined in
practical ranges. Although solution concentration;bf 49 % and

20 % and the room temperature are mentioned above,. these

‘are only illustrative and are not intended for limiting

purpose. Preferably, the concentration of the hydrofluoric acid
ranges between 5 % and 95 % and the temperature of the
solution is set to a level which is ordinarily adopted in
this field of technology.
The etched test pieces of porous Si were then rinsed

with water and the surfaces after the rinsing were examined
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1 by microanalysis using secondary ions but no impurity was

deéected.
A description will now be given with specific

reference to Fig. 6A of the etching characteristics of

5 porous Si and non-porous Si when hydrofluoric acid is used
as the etching solution, followed by a description of an
example of etching of a non-porous Si substrate whose one side
surface is completely porous Si, taken in conjunction with
Figs. 1A and 1B.

10 Fig. 6A is a graph showing the time depehdency of
etching depth of porous Si and monocrystalline Si as
observed when they are immersed in hydrofluoric acid
solution. Porous Si was formed by anodizing
monocrystalline Si under the same conditions as those

15 mentioned above. In this case also, the use of monocrystalline
S5i as the starting material for anodization is only
_illustrative and Si of other crystalline structures may be
‘used as the starting material. |

Test pieceé of the porous Si thus prepared were

20 immersed iq 49 % hydrofluoric acid solution (white circles)
at the room temperature, and the solutions were agitated.
The reduction in the thickness of these test pieces of
porous Si were then measured. A large etching rate was

observed: namely, 90 pm in 40 minutes in case of the 49 %

25 hydrofluoric acid solution and, after elapse of 80 minutes,
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the porous Si test pieces were etched by 205 pm with a high

degree of surface state. The etching rate has dependencies

on the concentration of the etching solution and the temperature.
The etching solution concentration and temperature are suitably
determined in practical ranges. Although solution density

of 49 % and the room femperature are mentioned above, these

are only illustrative and are not intended for limiting

purpose. Preferably, the concentration of the hydrofluoric acid
ranges between 5 % and 95 % and the temperature of the

solution is set to a level which is ordinarily adopted in

this field of technology.

A test piece of a non-porous Si of 500 um thick was
immersed in a 49 % solution of hydrofluoric acid (black
circles), followed by an agitation of the solution. The
reduction in the thickness was then measured. In this
case, the test piece of non—pérous Si was etched only by
100 Angstrom or less even after elapse of 120 minutes. The
etphing rate showed almost no dependency on solution
concentration and temperature. |

Both the porous and non-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

As shown in Fig. 1A, a monocrystalline Si substrate 22

was anodized only at its one side so as to have a porous Si
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structure only at its one side as denoted by 21. Then, the
substrate having the porous Si/monocrystalline Si structure
was immersed in a hydrofluoiic acid. As a consequence,
only the pérous Si portion was removed by the etching while
the monocrystalline Si substrate 22 alone remained
unetched. It is thus possible to selectively etch porous
Si by using monocrystalline Si as the etch

stopper.

A description will now be given of a case where both
porous Si portion and monocrystalline Si portion are
provided on one side of the substrate.

As shown in Fig. 2A, a portion of one side of a
monocrystalline Si substrate 32 was anodized to become
porous Si structure 31, 'Since the current and voltage
necessar& for the anodization vary depending on the carrier

concentration, it is possible to selectively form porous Si

structure by locally varying the carrier concentration in the

monocrystalline Si surface layer through implantation of
proton or impurities. The substrate having the porous
Si/monocrystalline Si structure was then immersed in
hydrofluoric acid. As a result, only the porous Si portion
was removed while the monocrystalline Si substrate 32
remained unetched. It is thus possible to selectively etch

porous Si.
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A description will be made as to the case where a
porous Si structure and a polycrystalline structure are
formed in layers on one side of the substrate.

As shown in Fig. 3A, a polycrystalline Si layer 41 was
formed by deposition on a single-crystalline Si substrate
42, and the surface layer of this polycrystailine Si
was changed into a porous Si layer 43 by anodization, as
shown in Fig. 3B. The substrate having the porous
Si/polycrystalline éi/monocrystalline Si structure was
immersed in a solution of hydrofluoric acid, whereby the
porous Si structure alone was removed by etching while the
monocrystalline Si substrate 42 and the polycrystalline Si
layer 41 remained unetched. It was thus possible to
selectively etch the porous Si by using
polycrystalline Si as the etching stopper.

A description will now be given bf a case where porous
Si portion is formed in the surface of a polycrystalline Si
layer which is formed on one side of the substrate.

As shown in Fig. 4A, a polycrystalline Si layer 51 was
formed by deposition in a monocrystalline Si substrate 52
and a portion of this polycrystalline Si layer was changed
into porous Si layer 53 by anodization. Then, the
substrate having the porous
Si/polycrystalline Si/monocrystalline Si structure was

immersed in a solution of hydrofluoric acid, so that the
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porous Si alone was removed while the monocrystalliné Si
substrate 52 and the polycrystalline Si layer S1 reﬁained
unetched. Iﬁ was thus possible to selectively etch the
porous Si

I-(2)

‘A description will now be given of the case where a
mixture of hydrofluoric aéid and an alcohol is used as the
electrdless wet chemical etching solution for porous Si,
with reference to Fig. 7B.

Fig. 7B shows the time dependency of etching_thickness

of porous Si as observed when the porous Si is immersed in

' a mixture liquid of hydrofluoric acid and ethyl alcohol

without agitation of the liquid. The porous Si was formed
by anodizing monocrystalline Si under the conditions shown
below. The use of the monocrystalline Si as the starting
material for forming the porous Si structure through
anodization is only 1llustrat1ve and Si of other

crystalline structures can be used as the starting

material.
Voltage applied: 2.6 (V)'
Current density: 30 (mA'cm"z)
Anodizing solution: HF:H20:C2H50H = 1 : 1 : 1
Time: 2.4 (hours)
' Thickness of porous Si: 300 (pm)
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Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above_were immersed, without agitation, in a mixture
solution of 49 % hydrofluoric acid and ethyl alcohol (10 :
1) (white circles) and in a'mixture solution of 20 %
hydrofluoric acid ana ethyl alcohol (10 : 1) (black
circles). The reductions in the thicknesses of the porous
Si test pieces were then measured. Large rates of etching
of the porous Si were observed: namely, in the case of the
mixture solution of 49 % hydrofluoric acid and ethyl
alcohol (10 : 1), the porous Si was etched by 85 Hm and, in
case of the'mixture solution of 20 % hydrofluoric acid and
ethyl alcohol (10 : 1), the porous Si was etched by 68 W,
_in-about 40 minutes. After elapse of 80 minutes, the

porous Si was etched by a thickness as large as 195 fm in

the case of the mixture solution of 49 % hydrofluoric acid and
ethyl alcohol (10 : 1) and 156 Um even in the case of the
mixture solution of 20 % hydrofluoric acid and ethyl
alcohol (10 : 1), with high degrees of states of the etched
surfaces.

The etching rate has dependencies on the concentration of
the hydrofluoric acid solution, as well as on the
temperatﬁre. The addition of alcohol serves to

remove bubbles of reaction product gases generated as a
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result of the etching without delay from the surface being
etched, without necessitating agitation, thus ensuring a
high efficiency and uniformity of the etching.

The solution concentration and the femperature are
determined such that a practical etching speed is obtained in
preparation process and the effect of addition of alcohol is
appreciable. Although the mixture solutions of 49 %
hydrofluoric acid and ethyl alcohol (10 : 1) and 20 %
hydrofluoric acid and ethyl alcohol (10 : 1), as.well as
the room temperature as ﬁhe solution temperature, are
mentioned, these solution densi;ies and temperature are
only illustrative and are not intended to restrict the
scope of the invention. The HF concentration with respect
to the etching solution preferably ranges between 1 and'95
%, more preferably between 5 and 90 % and most preferably
between 5 and 80 %. The concentration of alcohol with
respect.to the etching solution is preferably 80 % or less,
more preferably 60 é o; less and mos£ preferably 40 % or
less, and is determined so as to provide an appreciable
effect of addition of the alcohol. The temperature is
selected to range preferably 0 to 100°C, more préferably 5
to 80°C and most preferably S5 to 60°C.

Although ethyl alcohol has been mentioned
specifically, the invention does not exclude the use of

other alcohol such as isopropyl alcohol which does not
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cause any inconvenience in the production process and which
can provide an appreciable effect of addition of such
alcohol.

The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.

A description will now be given of the etching
characteristic of porous Si and non-porous Si when they are
etched by a mixture solution of hydrofluoric acid and

ethyl alcohol, with specific reference to Fig. 6B.

Fig. 6B shows time dependencies of etched thicknesses of
porous Si and monocrystalline Si as observed when the porous
Si and the monocrystalline Si are immersed in a mixture

solution of hydrofluoric acid and ethyl alcohol without
agitation. The porous Si was formed by anodization of
monocrystalline Si conducted under the same conditions as
those shown before. The use of monocrystalline Si. as the
starting material for forming porous Si through anodization
is only illustrative and Si of other crystalline structures
can be used as the starting material.

A test piecé of borous Si prepared as described above
was immersed, without agitation, in a mixture solution of
49 % hydrofluoric acid and ethyl alcohol(10 : 1) (while
circles), and reduction in the thickness of the porous Si

was measured. The porous Si was rapidly etched: namely, by
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a thickness of 85 pm in 40 minutes and 195 {m in 80

minutes, with high degrees of surface quality and

uniformity.

The etching rate depends on the concentration and the

temperature of the hydrofluoric acid solution.

The addition of alcohol serves to remove bubbles of

reaction product gases generated as a result of the etching

without delay from the surface being etched, without
necéssitating agitation, thus ensuring a high efficiency
and uniformity of the etching.

2 test'piece of a non-porous Si of 500 um thick was
immersed in a mixture solution of 49 % hydrofluoric acid
and ethyl alcohol (10 : 1) (black circles), without
agitation Qf the solution. The reduction in the thickness
was then measured. In this case, the test piece of non-
porous 8Si was etched only by 100 Angstrom or less even |
after elapse of 120 minutes. The etching rate showed
almost no dependency on the solution concentration and
temperature.

Both the porous and non-porous Si test pieces after
thé etching were rinsed withlwater and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

Naturally, various etching methods explained in

connection with I by making reference to Figs. 1A and 1B,
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Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of
hydrofluoric acid and an alcohol is used as the etchant
for porous Si.

I-(3)

A description will now be given of the case where a
mixture of hydrofluoric acid and aqueous hydrogen peroxide
(hereinafter also referred to as "hydrogen peroxide") is
used as the electroless wet chemical etching solution for

porous Si, with reference to Fig. 7C.

Fig. 7C shows the time dependency of etched thickness
of porous Si as observed when the porous Si is immersed in
a mixture liquid of hydrofluoric acid and hydrogen peroxide
under agitation of the liquid. The porous Si was formed by
anodizing monocrystalline ‘Si under the conditions shown
below. The use of the monocrystalline Si as the startiné
material for forming the porous Si structure through
anodization is only illustrative and Si of other

crystalline structures can be used as the starting-

{

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm~2)
Anodizing solution: HF:H20:C2HsOH = 1 : 1 : 1
Time: 2.4 (hours)

Thickness of porous Si: 300 (um)
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Porosity: 56 (%)

Test pieces of the porous Si prepared as described

above were immersed, without agitation, in a mixture

solution of 49 % hydrofluoric acid and hydrogen.peroxide (1

: 5) (white circles) and in a mixture solution of 49 %
hydrofluoric.acid and hydrogen peroxide (1 : 1) (black
circles). The reductions in the thicknesses of the porous
Siltest pieces were then measured. Large rates of etching

of the porous Si were observed: namely, in the case of the

1 : 5 solution, the porous Si was etched by 112 um and, in

case of the 1°: 1 solution, the porous Si was etched by 135

Hm, in about 40 minutes. After elapse of 80 minutes, the
porous Si was etched by a thickness as large as 256 pm in
the case of the 1 : 5 solution and 307 Um in the -case of
the 1 : 1 solution, with high degrees of states of the
etched surfaces. The concentfation of hydrogen peroxide
was 30 % in this case but the hydrogén peroxide
concentration may be determined in a range which provides
an appreciable effect of addition of hydrogen peroxide and
which does not cause any practical problem in the
production process.

The etching rate has dependencies on the density of
the hydrofluoric acid solution, as well as on the

temperature of the same. The addition of alcohol serves to
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accelerate oxidation of silicon, thus enhancing the
reaction speed as compared to the case where hydrogen
peroxide is not used. It is also possible to control the
reaction speed by suitably selecting the content of
hydrogen peroxide.

The solution concentration and the solution temperature
arekdetermined such that a practical etching speed is obtained
in preparation process and the effect of hydrofluoric acid
and hydrogen peroxide is appreciable. Although the mixture
solutions of 49 % hydrofluoric acid and hydrogen peroxide
(1 : 5) and 49 % hydrofluoric acid and hydrogen peroxide (1
: 1), as well as the room temperature as the solution
temperature, are mentioned, these scolution concentrations and
temperature are only illustrative and are not intended to
restrict the scope of the invention.

The HF concentration with respect to the etching
solution preferably ranges between 1 and 95 %, more
preferably between 5 and 90.% and most preferably between 5
and 80 %. The concentration of H02 with respect to the
etching solution is preferably selected to range between 1
and 95 %, more prefer;bly between 5 and 30% and most
preferably between 10 and 80%, and is determined so as to
provide an appreciable effect of addition of the hydrogen

peroxide. The temperature is selected to range preferably

o -
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0 to 100°C, more preferably 5 to 80°C and most preferably 5
to 60°C.

The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.

A description will now be given of the etching
characteristics of porous Si and non-porous Si as observed
when they are etched by a mixture solution of hydrofluoric
acid and aqueous hydrogen peroxide, with specific reference
to Fig. 6C. Fig. 6C shows the time dependencies of etched
depth of porous Si and monocrystalline Si as observed when the
porous Si and the monocrystalline Si are immersed in a
mixture solution of hydrofluoric acid and aqueous hydrogen
peroxide. The porous Si was formed by anodization of
monocrystalline Si conducted under the same conditions as
those shown before. The use of monocrystalline Si as the
starting material for forming porous Si through anodization
is only illustrative and'Si of other crystalline structures
can be used as the starting material.

A test piece of porous Si prepared as described above
was immersed, followed by agitation, in a mixture solution
of 49 % hydrofluoric acid and aqueous hydrogen peroxide (white
circles), and reduction in the thickness of the porous Si

was measured. The porous Si was rapidly etched: namely, by

a thickness of 112 pum in 40 minutes and 256 Um in 80
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minutes, with high degrees Qf surface quality and
uniformity. Although the céncentration of aqueous hydrogen
peroxide was 30 % in this cése, the concentration of hydrogen
peroxide may be suitably determined within a range which
does not impair the effect of addition of hydrogen peroxide
and which does not cause any practical inconvenience in tﬁe
production. | -

The etching rate depends on the concentration and the tem-
perature of the hydrofluoric acid and aqueous hydragen peroxide

The addition of hydrogen peroxide serves to

accelerate oxidation of silicon, thus enhancing thé
reaction speed as compared to the case where hydrogen
peroxide is not added. Furthermore, the reaction speed
can be controlled by suitably selecting the content of the
hydrogen peroxide.

A test piece of a non-porous Si of 500 um thick was
immersed in a mixture solution of 49 % hydrofluoric acid
and aqueous hydrogen peroxide (1 : 5) (Black circies), followed
by agitation of the solution. The reduction in the thickness
of the porous Si was then measured. In this case, the test
piece of nonporous Si was etched only by 100 Angstrom or less

even after elapse of 120 minutes. The etching rate showed
almost no dependency on the solution concentration and

temperature.
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Both the porous and non-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

Naturally, various embodiments explained in
connection with I by making reference to Figs. 1A and 1B,
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in thé case where the mixture solution of
hydrofiuo;ic acid and aqueous hydrogen peroxide is used as
the etching solution. N
I-(4

A description will now be given of the case where a
mixture of hydrofluoric acid, an alcohol and aqueous hydrogen
peroxide is used as the electroless wet chemical etching
solution for porous Si, with reference to Fig. 7D.

Fig. 7D shows the time dependency of etched thickness of
porous Si as.observed when the porous Si is immersed in-a
mixture'liquidhgf hydrofluoric acid, ethyl alcohol and aqueous
hydrogen peroxide without agitation of the liquid. The
porous Si was formed by anodizing monocrystalline Si undér
the conditions shown below. The use of the monocrystalline
Si as the starting material for forming the porous Si
structure through anodization is only illustrative and Si
of other crystalline structures can be used as the starting

material.
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Voltage applied:
Current density:
Anodizing solution:
Time:

Thickness of porous Si:

Porosity:

2.6 (V)

30 (mA-cm”2)

HF:H20:C3HsOH =1 : 1 : 1
2.4 (hours)
300 (pm)

56 (%)

Test pieces of the porous Si prepared as described

above were immersed,

without agitation,

in a mixture

solution of 49 % hydrofluoric acid, ethyl alcohol and aqueous

hydrogen peroxide (10 : 6 :

50)

{white circles) and in a

mixture solution of 49 % hydrofluoric acid, ethyl alcohol

and hydrogen peroxide (10 :

10) (black circles). The

reductions in the thicknesses of the porous Si test pieces

were then measured.

Si were observed: namely,

solution,

cf the 10 : 2

128 yum, in about 40 minutes.

the porous Si was etched by 107 pm and,

Large rates of etching of the porous

in the case of the 10 : 6 : 50

in case

10 solution, the porous Si was etched by

After elapse of 80 minutes,

the porous Si was etched by a thickness as large as 244 pm

in the case  of the 10 :

case of the 10 : 2 :

states of the etched surfaces.

6 : 50 solution and 292 pgm in the

10 solution, with high degrees of

The concentration of agueous

hydrogen peroxide was 30 % in this case but the hydrogen
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peroxide concentration may be determined in a range which
provides an appreciable effect of addition of hydrogen

peroxide and which does not cause any practical problem in

the production process.

The etching rate has dependencies on the density of
the hydrofluoric acid solution, as well as on the
temperature of the same. The addition of alcohol serves to
accelerate oxidatioh of silicon, thus enhancing the
reaction speed as compared to the case where hydrogen
peroxide is not used. It is also possible to control the
reaction speed by suitably selecting the content of
hydrogen peroxide. On the other hand, the addition of
aicohol serves to remove, without delay, bubbles of
reaction gases generated as a result of the etching from
the etched surface, without requiring agitation of the
solution, thus offering high degrees of efficiency and
uniformity"of e;ching of.the porous Si.

The solution density and the solution temperature are
determined such that a practical etching speed is obtained
and such that the effect of the use of hydrofluoric acid,
alcohol and hydrogen peroxide is appreciable. Although the
mixture solutions of 49 % hydrofluoric acid, ethyl.alcohol
and hydrogen peroxide (10 : 6 : 50) and 49 % hydrofluoric

acid, ethyl alcoheol and hydrogen peroxide (10 : 2 : 10), as

25 well as the room temperature as the solution temperature, .
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are mentioned, these solution densities and temperature are
only illustrative and are not intended to restrict the
scope of the invention.

The HF concentration with respect to the etching
solution preferably ranges between 1 and 95 %, ﬁore
preferably between 5 and 90 % and most prefeiably between 5
and 80 %. The concentration of Hz02 with respect to the
etching solution is preferably selected to range between 1
and 95 %, more preferably between 5 and 90% and most
prgferably between 10 and 80%, and is determined so as to
provide an appreciable effect of addition of the hydrogen
peroxide. The concentration of the alcohol with respect to
the etching solution is preferably determined to be 80 % or
less, more preferably 60 % or less and most preferably 40 %
or less, and is selected so as to provide an appreciable
effect of addition of the alcohol. The temperature is
selected to range preferably 0 to 100°C,:mor¢ preferably 5
to 80°C and most preferably 5 to 60°C.

| Aicohol to be used in the present invention is not
limited to ethyl alcohol and includes those alcohols such
as isopropyl alcohol which can practically be used in
preparation prdcess and accomplish the effect of the

addition of alcohol as mentioned above.

ot
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1 The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.

This type of etching solution is advantageous in that

5 bubbles of reaction product gases generated as a result of
the etching can be removed without delay from the surface

being etched, without requiring agitation, so that the

: i
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surface is etched with high degrees of smoothness and
uniformity even to the bottoms of minute recesses which may
exist in the etched surface.

A description will now be given of the etching
characteristics of porous Si and non-porous Si as observed
when they are etched by a mixture solution of hydrofluoric

acid, ethyl alcohol and aqueous hydrogen peroxide, with

specific reference to Fig. 6D.

Fig. 6D shows the time dependencies of etched
thickness of porous.si and monocrystalline Si as observed
when the porous Si and the monocrystalline Si are immersed
in a mixture solution of hydrofluoric acid, ethyl alcohol
and agqueous hydrogen peroxide, without agitation. The
porous Si was formed by anodization of monocrystalline'si
conducted under the same conditions as those shown before.
The use of monocrystalline Si as the starting material for
forming porous Si throught anodization is only
illustrative and Si of.other crystalline structures can be
used as the starting material.

A test piece of porous Si prepared as described
above was immersed, Qithout'agitaion, in a mixture
solution of 49 % hydrofluoric acid, ethyl alcohol and
aqueous hydrogen peroxide (10 : 6 : 50) (while circles) at
the room temperature, and reduction in the thickness of
the porous Si was measured. The porous Si was rapidly

etched: namely, by a thickness of 107 uym in 40 minutes

and 244 ym in 80 minutes, with high degrees of
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surface quality and uniformity. Although the
concentration of the aqueous hydrogen peroxide was 30 % in
this case, the content of hydrogen perozide may be
suitably aetermined within a range which does not impair
thé effect of addition of hydrogen peroxide and which does
hot cause any practical inconvenience in the production:

The_etching rate depends on the concentration and
the temperature of the hydrofluoric acid and aqueous

hydrogen peroxide.

The addition of hydrogen peroxide serves to accelerate

oxidation of silicon, thus enhancing the reaction speed as
compared to the case where hydrogen peroxide is not added.
Furthermore, the reaction speed can be controlled by
suitably selecting the content of the hydrogen peroxide.

In addition, alcohol serves to remove, without delay,
bubbles of the reaction product gases generated as a result
of the etching without requiring agitation,fthus ensuring
high degrees of uniformity and etching of the porous Si.

A test piece of a non-porous Si of 500 pum thick was
immersed in a mixture solution of 49 % hydrofluoric acid,
ethyl alcohol and agqueous hydrogen peroxide (10 : 6 : 50)
(black circles) at the room temperature, without agitatidn
of the solution. The reduction in the thickness was then
measured; In this case, the test piece of non-porous Si

was etched only by'loo Angstrom or less even after elapse
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of 120 minutés. The etching rate showed almost no
dependency on the solution concentration and temperature.

Both the porous and non-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined bylmicroanalysis with
secondary ions but no impurity was detected.

Naturally, the various embodiments explained in
connection with I by making reference to Figs. 1A and 1B,
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of
hydrofluoric acid, alcohol and aqueous hydrogén peroxide is
used aéﬂthe etchant for porous Si.

I-(5 |

A description will now be given of the case where a
buffered hydrofluoric acid is used as the electroless wet
chemical étching solution for porous Si, with reference to
Fig. 7E. For instance, an aqueous solution containing 36.2
% of ammonium fluoride kNHqF) and 4.5 % of hydrogen
fluoride (HF) is used as the buffered hydrofluoric acid.

Fig; 7E shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in
the buffered hydrofluoric acid followed by agitation. The
porous Si was formed by anodizing monocrystalline Si under
the conditions shown belowi_ The use of the monocrystalline

Si as the starting material for forming the porous Si
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structure through anodization is only illustrative and Si

of other crystalline structures can be used as the starting

material.

Voltage applied:
Curreﬁt density:
Anodizing solution:
Time:

Thickness of porous Si:

Porosity:

2.6 (V)

-2
30 (mA-cm 7)
HF:H30:CoH50H = 1 : 1 : 1
2.4 (hours)
300 (um)

56 (%)

Test pieces of the porous Si prepared as described

above were immersed,

followed by agitation,

in the buffered

hydrofluoric acid (white circles) and in a 20 % diluted

buffered hydrofluoric acid (black circles).

The reductions

in the thicknesses of the porous Si test pieces were then

measured.

observed: namely,

Large rates of etching of the porous Si were

in the case of buffered hydrofluoric

acid, the porous Si was etched by 70 um and, in case of the

20 % Qiluted buffered hydrofluoric acid, the porous Si was

etched by 56 Mum, in about 40 minutes.

minutes, the porous Si was etched by a thickness

After elapse of 120

as large

as 118 Um in the case of the buffered hydrofluoric acid and

94 pm in the case of the 20 % diluted buffered hydrofluoric

acid, with high degrees of states of the etched surfaces.
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The.etcﬁing rate has dependencies on the density.of
the hydrofluoric acid solution, as well as on the
temperature of the same. The density of the solution and
the temperature of the same are determined to fall within
the ranges which would not cause any practical
inconvenience. Although the buffered hydrofluoric acid
which is an aqueous solution containing 36.2 % of ammonium
fluoride (NH4F) and 4.5 % of hydrogen fluoride (HF) and the
20 % diluted buffered hydrofluoric acid, as well as the
room temperature as the solution temperature, are
mentioned, these solution densities and temperature are
only illustrative and are not intended to restrict the
scope of the invention.

The HF concentration in the buffered hydrofluoric acid
with respect to the etching solution preferably ranges
between 1 and 95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 %. The concentration of
NH4 in the buffered hydrofluoric acid with réspéct to the
etching solution is preferably selected to range between 1
and 95 %, more preferably'between 5 and 90% and most
prefefably between 5 and 80%. The temperature is selected
to range preferably O to 100°C, more preferably 5 to 80°C

and most preferably 5 to 60°C.
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The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.

A description will now be given of the etching
characteristics of porous Si and non—porous Si as obsexrved
when they are etched by the buffered hydrofluoric acid,
with specific reference to Fig. 6E. Fig. 6E shows the time
dependencies of etching of porous Si and monocrystalline Si
as observed when the porous Si and the monocrystalline Si
are immersed in the buffered hydrofluoric acid. The porous
Si was formed by.anodization of monocrystalline Si
conducted under the same conditions as those shown before.
The use of monocrystalline Si as the starting material for
formiﬁg porous Si through anodization is only illustrative
and Si of other crystalline structures can be used as the
starting material.

A test piece of porous Si preparéd as described above
was immersed, followed by agitation, in the buffered
hydrofluoric acid (white circles) at the room temperature,
and reduction in the thickness of the porous Si was
measured. The porous Si was rapidly etched: namely, by a
thickness of 70 ym in 40 minutes and 118 pm in 120 minutes,
with high degrees of surface quality and uniformity.

The etching rate has dependencies on the density of

the hydrofluoric acid solution, as well as on the
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temperature of the same. The density of the solution and
the temperature of the same are determined to fall within
the ranges which would not cause any practical
inconvenience. Although the buffered hydrofluoric acid
which is an aqueous solution containing 36.2 % of ammonium
fluoride (NH4F) and 4.5 % of hydrogen

fluoride (HF) as well as the

room temperature as the solution temperature, are
mentioned, these solution densities and temperature are
only illustrative and are not intended to restrict the
scope of the invention.

A test piece of a non-porous Si of 500 pm thickness was
immersed in the buffered hydrofluoric acid(black circles)
at the room temperature, followed by agitation of the
solution. The reduction in the thickness was then
measured. In this caée, the test piece of non—-porous Si
wés etched only by 100 Angstroms or less even after elapse
of 120 minutes. The etching rate shbwed almost no
dependency on the solution density and temperature.

Both the porous and non-porous Si test pieces after
the etching were rinsed with water.and the surface states
of these test piecés were examined by microanalysis with
secondarf ions but no impurity was detected.

Obviously, various etching methods explained in

connection with (1) by making reference to Figs. 1A and 1B,
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Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the buffered hydrofluoric
acid is used as the etching solution.

I-(6)

A description will now be given of the case where a
mixture liquid of a buffered hydrofluoric acid and an
alcohol is used as the electroless wet chemical etching
solution for porous Si, with reference to Fig. 7F. For
instance, an aqueous solution containing 36.2 % of ammonium
fluoride (NH4F) and 4.5 % of hydrogen fluoride (HF) is used
as the buffered hydrofluoric acid.

Fig. 7F shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in
the ﬁixed solution of the buffered hydrofluoric acid and
ethyl alcohol, without agitation. The porous Si was formed
by anodizing monocrystalline Si under the conditions shown
below. The use of the monocrystalline Si as the starting
material for forming the porous Si sﬁructure through
anodization is only illustrative and Si of other

crystalline structures can be used as the starting

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA°cm_2)
Anodizing solution: HF :H20:C2HsOH = 1 : 1 : 1
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Time: 2.4 (hours)

Thickness of porous Si: 300 (Hm)

Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above were immersed, without agitation, in a mixture
solution of the buffered hydrofluoric acid and ethyl
alcohol (10 : 1) (white circles) and in a mixture solution
of 20 % diluted buffered hydrofluoric acid and ethyl
alcohol (10 ; 1) (black circles). The reductions in the
thicknesses of the porous Si test pieces were then
measured. Large rates of etching of the porous Si were
observed: namely, in the caée of the mixture solution of
the buffered hydrofluoric acid and ethyl alcohol (10 : 1),
the porous Si was etched by 67 im and, in case of the
mixture solution of the 20 % diluted buffered hydrofiuoric
acid and ethyl alcohol (10 : 1), the porous Si was etched

by 54 um, in about 40 minufes. After elapse of 120

minutes, the porous Si was etched by a thickness as large

as 112 pum in the case of the mixture solution of the

buffered hydrofluoric acid and ethyl alcohol (10 : 1) and

90 pm in the case of the mixture solution of 20 % diluted

buffered hydrofluoric acid and ethyl alcohol (10 : 1), with
high degrees of states of the etched surfaces. The

etching rate has dependencies on the density of the
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hydrofluoric acid solution, as well as on the temperature
of the same. The addition of alcohol serves to remove,
without delay, bubbles of reaction product gases generated
as a result of the etching from the surface being étched,
without requiriné agitation, thus enabling etching of the
porous Si with high degrees of uniformity and efficiency.

The density of the solution and the temperature of the
same are determined to fall within the ranges which would
not cause any practical inconvenience. Although the
mixture solution of the buffered hydrofluoric acid and
ethyl alcohol (10 : 1) and the mixture solution of the 20 %
diluted buffered hydrofluoric acid and ethyl alcohol (10 :
1), as well as the room temperature as the solution
temperature, are mentioned, these solution.densities and
temperature are only illustrative and are not intended to
restrict the scope of the invention.

The HF concentration in ;he buffered hydrofluoric acid
with respect to the etching solution preferably ranges
between 1 and 95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 %. Tﬁe concentration of
NH4 in the buffered hydrofluoric acid witﬁ respect to the
e;ching solution is preferably selected to range between 1
aﬁd 85 %, more preferably between S5 and 90% and most

preferably between 5 and 80%. The concentration of the

. alcohol with respect to the etching solution is preferably

-
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1 80 % or less, more preferably 60 % or less and most
preferably 40 % or less, and is determined to make the
effect of addition of the alcohol appreciable. The
temperature is selected to range preferably 0 to 100°C,

5 more preferably 5 to 80°C and most preferably S5 to 60°C.

Although ethyl alcohol has been specifically
mentioned, other alcohols such as isopropyl alcohol, which
does not cause any inéonvenience in the commercial
production and which can provide an appreciable effect of

.10 addition of such alcohol, may be used as the alcohol used
in this type of etching solution.

The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ions but no impurity was detected.

15 In this etching solution, bubbles of reaction product
gases generated as a result of the etching can be removed
without delay and without requiring agitation of the

solution, by virtue of the addition of the alcohol, so that

the bottoms of minute recesses can be formed with high

20 degrees of smoothness and uniformity.

A description will now be given of the etching
characteristics of porous Si and non-porous Si as observed
when they are etched by the mixture solution of the

‘buffered hydrofluoric acid and the ethyl alcohol, with

25
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specific reference to Fig. 6F. Fig. 6F shows the time
dependencies of etching thickness of poroué Si and mono-
crystalline Si as observed when the porous Si-énd the monocrys-
talline Si are immersed in the mixture solution of the buffered
hydrofluorié acid and ethyl alcohol. The porous Si was
formed by anodization of monocrystalline Si conducted.under
the same conditions as those shown before. The use of
monocrystalline Si as the starting material for forming
porous Si through anodization is only illustrative and Si
of other crystalline structures can be used as the starting
material.

A test piece of porous Si prepared as described above
was immersed, without agitation, in the mixture solution of
the buffered hydrofluoric acid and ethyl alcohol (10 : 1)
(white circles) at the room temperature, and reduction in

the thickness of the porous Si was measured. The porous Si

was rapidly etched: namely, by a thickness of 67 pm in 40
minutes and 112 {m in 120 ﬁinutes, with high degrees of
surface quality and uniformity.

A test piece of a non-porous Si of 500 um thickness
was immersed in the mixture solution of the buffered
hydrofluoric acid and ethyl alcohol (10 : 1) ({(black
circles) at the room temperature, without agitation of the
solution. The reduction in the thickness of the non-porous

Si was then measured. In this case, the test piece of
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non-porous Si was etched only by 100 Angstroms or less even
after elapse of 120 minutes. The etching rate showed |
almost no dependency on the solution density and
temperature.

Both the porous and non—porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by microanalysis with
secondary ions but no impurity was detected.

Obviously, various etching methods explained in
connection with (1) by making reference to Figs. 1A and 1B,
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of the’
buffered hydrofluoric acid and alcohol is used as the
etching solution.

I-(1

A description will now be given of the case where a
mixture solution of a buffered hydrofluoric acid and
hydrogen'peroxide is used as the elgctroless wet chemical
etching solution for porous Si, with reference to Fig. 7G.
For instance, an aqueous solution containing 36.2 % of
amménium fluoride (NH4F) and 4.5 % of hydrogen fluoride
(HF) is used as the buffered hydrofluoric acid.

Fig. 7G shows the time dependency of etching thickness
of porous Si as observéd when the porous Si is immersed ih

the mixed solution of the buffered hydrofluoric acid and
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hydrogen peroxide followed by agitation. The porous Si was
formed by anodizing monocrystalline Si under the conditions
shown below. The use of the monocrystalline Si as the
starting material for forming the porous Si structure

through anodization is only illustrative and Si of other

‘crystalline structures can be used as the starting

material.
Voltage applied: 2.6 (V)
Current density: 30 (mA-cm™?)
Anodizing solution: HF:Hp0:C2HgOH = 1 : 1 : 1
Time: 2.4 (hours)

Thickness of porous Si: 300 (m)

Porosity: 56 (%)

Test pieces of the porous Si prepared as described
above were immersed, followed by agitation, in a mixture
sélution-bf the buffered hydrofluoric acid and hydrogen
peroxide (1 : 5) (white circles) and in a mixture solution
of the buffered hydrofluoric acid and hydrogen peroxide (5
: 1) (black circies). The reductions in the thicknesses of
the porous Si tesﬁ pieces were then measured. Large rates
of etching of the porous Si were observed: namely, in the

case of the 1 : 5 mixture solution, the porous Si was

etched by 88 pm and, in case of the 5 : 1 mixture solution,
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the porous Si was etched by 105 pm, in about 40 minutes.
After elapse of 120 minutes, the porous Si was etched by a
thickness as large as 147 um in the case of the 1 : 5
mixture and 177 Ym in the case of the 5 : 1 mixture
solution, with high degrees of states of the etched
surfaces. In this case, the concentration of hydrogen
peroxide was 30 %. This, however, is only illustrative and
the concentration of hydrogen peroxide is suitably selected
within a range which does not impair the-effect of addition
of hydrogen peroxide. The etching rate has dependencies on
the solution densities of the buffered hydrofluoric

acid and hydrogen peroxide, as well as

on the temperature of the sa@e. The addition of hydrogen
peroxide accelerates the oxidation of silicon, thus
attaining a higher reaction speed as compared to the case
where hydrogen peroxide is not added. In addition, the
reaction speed can be controlled by suitably determining
the content ef hydrogen peroxide.

The density of the solution and the temperature of the
same are determined to fall within the ranges which would
not cause.any practical inconvenience in commercial
production. Although the mixture solution of the buffered
hydrofluoric acid and hydrogen peroxide (1 : 5) and the

mixture solution of the buffered hydrofluoric acid and

25 hydrogen peroxide (5 : 1), as well as the room temperature

as the solution temperature, are mentioned, these solution
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densities and temperature are only illustrative and are not
intended to restrict the scope of the invention.

The HF concentration in the buffered hydrofluoric acid
with respect to the etching solution preferably ranges
between 1 and 95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 $. The concentration of
NH4 in the buffered hydrofluoric acid with respect to the
etching solution is preferably selec£ed to range between 1
and.95 %, more preferably between 5 and 90% and most
preferably between 5 and 80%. The concentration of H202
with respect to the etching solution is preferably 1 to 95
%, more preferably 5 to 90 % and most pfefefably 10 to 80
%, and is determined to make the effect of addition of the
hydrogen peroxide. The temperature is selected to range
preferably 0 to 100°C, more preferably 5 to 80°C and most
preferably 5 to 60°C.

The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by

using secondary ions but no impurity was detected.
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A description will now be given of the etching
characteristics of porous Si and non-porous Si as observed
when they are etched by the mixture solution of the
buffered hydrofluoric acid and hydrogen peroxide, with
specific reference to Fig. 6G. Fig. 6G shows the time
dependencies of etching thickness of porous Si and monocrys-
talline Si as observed when the poroﬁs Si and the monocrys-
talliné Si are immersed in the mixture solution of the buffered
hydrofluoric acid hydrogen peroxide. The porous Si was
formed by anodization of monocrystalline Si conducted under
the same conditions as those shown before. The use of
monocrystalline Si as the starting material for forming
porous Si through anodization is only illustrative and Si
of other crystalline struétures can be used as the starting
material,

A test piece of porous Si prepared as described above
was immersed, followed by agitation, in the mixture
solution of the buffered hydrofluoric acid and hydrogen
peroxide (1 : 5) (white circles) at the room temperature,
and reduction in the thickness of the porous Si was
measured. The porous Si was rapidly etched: namely, by a
thickness of 88 pum in 40 minutes and 147 pm in 120 minutes,
with high degrees of surface quality and uniformity.
Although in this case the concentration of hydrogen

peroxide was 30 %, this is only illustrative and the
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1 content of hydrogen peroxide is sgitably selected within a
range which does not cause any practical inconvenience and
which does not impair'the effect produced by the addition
of hydrogen peroxide.

5 Both the porous and non-porous Si test pieces after
the etching were rinsed with water and the surface states
of these test pieces were examined by micfoanalysis with
secondéry ions but ho impurity was detected.

Obviously, various etching methods explained in
10 connection with (1) by making reference to Figs. 1A and 1B,
Figs. 2A and 2B, Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of the
buffered hydrofluoric acid and alcohol is used as the
etching solution.
15 I=(8)
The following will now be given of the case where a
mixture solution of a buffered hydrofluoric acid, an

alcohol and hydrogen peroxide is used as the electroless

wet chemical etching solution for porous Si, with reference
20 to Fig. 7H. For instance, an aqueous solution containing
36.2 % of ammonium fluoride (NH4F) and 4.5 % of hydrogen
fluoride (HF) is used as the buffered hydrofluoric acid.
Fig. 7H shows the time dependency of etching thickness
of porous Si as observed when the porous Si is immersed in

25 the mixed solution of the buffered hydrofluoric acid, ethyl

- . This Sheet Has Been Replaced




10

15

20

25

- 60 -

alcohol and hydrogen peroxide without agitation. The
porous Si was formed by anodizing monocrystalline Si under
the conditions shown below. The use of the monocrystalline
Si as the starting material for forming the porous Si
structure through anodization is only illustrative and Si
of other cr&stalline structures can be used as the starting

material.

Voltage applied: | 2.6 (V)

Current density: 30 (mA'Cm-Z)

Anodizing solution: HF:H20:C2H50H = 1 : 1 : 1
Tinme: 2.4 (hours)

Thickness of porous Si: 300 (um)

Porosity: 56 (%)

" Test pieces of the porous Si prepared as described
above were immersed, without agitation, in a mixture
solution of the buffered hydrofluoric acid, ethyl alcohol
and hydrogen peroxide.(lo : 6 : 50) (white circles) and in
a mixture solution of the buffered hydrofluoric acid,-ethYl
alcohol and hydrogen peroxide (50 : 6 : 10) (black
circles). The reductions in the thicknesses of the porous
Si test pieces were then measured. Large rates of etching
of the porous Si were observed: namely, in the case of the

10 : 6 : 50 mixture solution, the porous Si was etched by
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83 um and, in case of the 50 : 6 : 10 mixture solution, the

porous Si was etched by 100 im, in about 40 minutes. After

elapse of 120 minutes, the porous Si was etched by a

thickness as large as 140 Hm in the case of the 10 : 6 :
mixture and 168 um in the case of the 50 : 6 : 10 mixture
solution, with high degrees of states of the etched

surfaces. In this case, the concentration of hydrogen

50

peroxide was 30 %. This, however, is only illustrative and

the concentration of hydrogen peroxide is suitably selected

within a range which does not impair the effect of addition

of hydrogen peroxide. The etching rate has dependencies on

the concentrations of the buffered hydrofluoric acid and
hydrogen peroxide, as well as on the temperature of the
same. The addition of hydrogen peroxide accelerates the
oxidation of silicon, thus attaining a higher reaction
speed as compared to the case where hydrogen peroxide is
not added. In addition, the reaction speed can be
controlled by suitably determining the ratio of hydrogen
peroxide. The addition of alcohol enables bubbles of
reaction products gases generated as a result of the
etching to be removed from the surface being etched,
without delay and without agitation, thus making it
possible to etch the porous Si uniformly and with high

efficiency.
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The concentrations of the solution and

the temperature of the solution are determined to fall
within the ranges which provide the above effects of the
use of the buffered hydrofluoric acid, hydrogen peroxide
and the alcohol and which would not cause any practical
inconvenience in commercial production. Although the
mixture solution of the buffered hydrofluoric acid, ethyl
alcohol_and hydrogen peroxide (10 : 6 : 50) and the mixture
solution of the buffered hydrofluoric acid, ethyl alcohol
and hydrogen peroxide (50 : 6 : 10), as well as the room
temperature as the solution temperature, are mentioned,
these solution ratio and temperature are only
illustrative and are not intended to restrict the scope of
the invention. |

The HF concentration in the buffered hydrofluoric acid
with respect to the etching solutioﬁ preferably ranges
between 1 and-95 %, more preferably between 1 and 85 % and
most preferably between 1 and 70 %. The concentration of
NH4F in the buffered hydrofluoric acid with respect to the
etching solution is preferably selected to range between 1
and 95 %, more preferably between 5 and 90% and most
preferably between 5 and 80%. The concentration of H02
with respect to the etching solution is preferably 1 to 95
%, more preferably 5 to 90 % and most preferably 10 to 80

%, and is determined to make the effect of addition of the
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alcohol appreciable. The concentration of the alcohol
with respect to the etching solution is preferably 80 % or
less, more preferably 60 % or less and most preferably 40 %
or less, and is determined to make the effect of addition
of the-alcohol_appreciable. The temperature is selected to
range preferably 0 to 100°C, more preferably 5 to 80°C and
most preferably 5 to 60°C.

Although ethyl alcohol has been specifically
mentioned,.other alcohols such as isopropyl alcoheol, which
does not cause any inconvenience in the commercial
production and which can provide an appreciable effect of
addition of such alcohol, may be used as the alcohol used
in this type of etéhing solution.

The porous Si after the etching was rinsed with water
and the rinsed surface was examined by microanalysis by
using secondary ioné but no impurity was detected.

This "etching solution enables bubbles of reaction
product gases generated by the etching to be removed from
the surface being etched, without delay and without
requiring agitation, so that the etching can be performed
with high degrees of smoothness and uniformity at the
bottoms of minute recesses of the surface to be
etched.

Clearly, embodiments explained in the

above (1) by making reference to Figs. 1A and 1B,

Th
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Figs. 2A and 2B,.Figs. 3A to 3C and Figs. 4A to 4C can be
realized also in the case where the mixture solution of the
buffered hydrofluoric acid, alcohol and hydrogen peroxide

is used as the etching solution.

II. fThe following will now be given of a process of the
invention for producing a semiconductor member.

As explained before, the first embédiment of the process
for producing the semiconductor member in accordance with
the present invention has the following features.

Namely, the first embodiment of the process oflthe
invention for producing a semiconductor member comprises
the steps of: forming a member having a non-porous silicon
monocrystalline layer and a porous silicon layer; bonding
to the monocrystalline layer a member having an insulating
material surface; ana removing by etching the porous
silicon iayer by immersing it in hydrofluoric acid.

As explained before, the second embodiment of the process
of the invention for producing a semiconductor member uses
the same steps as those in the method of the first
embodiment, except that, in place of the hydrofluofic acid
used in the first embodiment, one of the second to eighth
embodiments of the etching solutions mentioned before.

The third to sixth embodiments of the process of the

invention for producing a semiconductor member, which also
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were explained before, are more practical embodiments of the

. first and the second embodiments of the process of the inven-.

tion. The process of the present invention for producing a
semiconductor member will be described hereinafter with

reference to the third to sixth embodiments.

IT-(1) The third embodiment of the process of the invention
for producing a semiconductor member will be described with
reference to the drawings.

Embodiment 1

The following will be first given of a method in which
the whole member is changed into porous structure and then
a monocrystalline layer is formed on the porous structure
by epitaxial growth method. Figs. 8A to 8C are schematic
sectional views of the semiconductor member illustrating
each of steps of the process. |

Referring to Fig. 83, as the first step, an Si
monocrystalline semiconductor member 11 is prepared
and is wholly changed into porous structure and, then, an
epitaxial growth method is applied to one surface of the
porous member, thereby forming a thin film of monocrystalline
Si layer 12. The porous structure of Si member is
formed by, for example, an anodization employing an HF
solution. The initial monocrystalline Si having the

density of 2.33 g/cm3 can be changed into a porous Si member
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the density of which can be varied within the range between
1.1 and 0.6 g/cm3 by varying the HF concentration of the
etching solution between 50 % and 20 %.

Referring now to Fig. 8B, a light-transmissive

substrate 13, which is typically a glass sheet, is prepared

and bonded on the surface of the monocrystalline Si iayer
12 on the porous Si member. Subsequently, an Si3Ng layer
14 is formed by deposition as an anti-etching film to cover
the entire member composed of the layer 12 and the
substrate 13 and the Si3N4 layer on the porous Si

member 11 is removea{ Although Si3N4 layer is suitably
used as the anti-etching layer, it is possible to use other
materials such as Apiezon wax as the material of the anti-
etching layer. The porous Si member 11 is then immersed in
the etching solution of the present invention and the
solution is agitated so that only the porous Si is etched
by electroless chemical etching, whereby a thinned non-
porous monocrystalline silicon layer 12 is left on the
light-transmissive substrate 13.

Fig. 8C shows the semiconductor member obtained by the -
present process. It will be said that, as a result of the
removal of the anti-etching Si3Ng layer 14 in the step
shown in Fig. 8B, a monocrystalline Si layer 12 having a
crystallinity equivaient to that of a silicon wafer is

formed on the light-transmissive substrate 13 with high

\\-_
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degrees of smoothness and uniformity and with a small
thickness, over a wide area covering the whole surface of
the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

Embodiment 2

The following will now be given of a proceés in which
an N-type layer is formed before changing the initial
member into porous structure and, subsequently to the
formation of the P-type layer, a selective anodization is
effected to change only the P-type substrate into porous
structure.

Referring to Fig. 94, as the first step, a layer 32 of
a low impurity concentration is formed on the surface of a
P-type Si monocrystalline substrate 31, by an epitaxial
growth., Alternatively, an N-type monocrystalline layer 32
may be formed on the surface of the P—tfpe Si
monocrystalline substrate 31 by ion-implantation of proton.

Then, as shown in Fig. 9B, the P-type Si
monocrystalline substrate 31 is changed into a porous Si
substrate 33 by effecting, on the reverse side of the P-
type Si monocrystalline substrate 31, an anodization using,
for example, an HF solution. The initial monocrystalline

Si having the density of 2.33 g/cm3 can be changed into a
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porous member the density of which can be varied within the
range between 1.1 and 0.6 g/cm3 by varying the HF
concentration of the etching solution between 50 % and 20
5. |

Referring now to Fig. 9C, a light-transmissive
substrate 34, which is typically a glass sheet, is prepared
and bonded on the surface of the monocrystalline Si layer
32 on the porous Si member. Subsequently, an Si3zNg layer
35 is formed by deposition as an anti-etching film to cover
the entire member composed of the layer 32 and the
substrate 34 and the Si3Ng layer on the porous Si
member 33 is removed. Although Si3zNg layer is suitably
used as the anti-etching layer, it is possible to use other
materials such as Apiezon wax as the material of the anti-—
etching layer. The porous Si substrate 33 is then immersed
in the.etching solution of the present invention and the

solution is agitated so that only the pbroﬁs'éi is etched

by electroless chemical etching, whereby a thinned non-

porous monocrystalline silicon layer 32 is left on the
light—-transmissive substrate 34.

Fig. 9D shows the semiconductor member obtained by the

present process. That is, as a result of the
removal of the anti-etching Si3Ng4 layer in the step
shown in Fig. 9D, a monocrystalline Si layer 32 having a

crystallinity equivalent to that of a silicon wafer is
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formed on the light-transmissive substrate 34 with high
degrees of smoothness and unifofmity and with a small
thickness, over a wide area covering the whole surface of
the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device. |

According to the result of an observation by a
transmission electron microscope, micro-pores of an average
diameter éf about 600 Angstrom are formed in the porous Si
layer, so that the density of the layer has been
reduced half or below that of the monocrystalline Si.

Nevertheless, the monocrystallinity is still
maintained, so that it is possible to form a
monocrystalline Si layer on the porous layer by epitaxial
growth. When the temﬁerature exceeds 1000°C,
rearrangement of internal pores occurs, which impedes the
acceleration of the etching. For this reason, the -
epitaxial growth of the Si layer is preferably effected by
a low-temperature growth method such as, for example, a
molecule-ray epitaxial growth method, a CVD method such as
plasma CVD method, low—-pressure CVD method or photo-CVD
method, a bias sputter method or a liquid-phase growth

method.
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The fourth embodiment of the process of the invention of

producing a semiconductor member will be described with
reference to the drawings.

Embodiment 1

The following will be first given of a form in which

' the whole P- or high-density N~type substrate is changed

into porous structure and then a monocrystalline layer is
formed on the porous structure by epitaxial growth method.
Figs. 10A to 10C are schematic sectional views of the
semiconductor member illustrating each of steps of the
process.

Referring to Fig. 10A, as the first step, an Si
monocrystalline semiconductor member 11 of P-type (or high-
density N~-type) is prepared
and is wholly changed into porous structure and, then, an
epitaxial Qrowth is effectedlby a suitable méthod on the
surface of the porous member, thereby forming a thin film
of monocrystalline Si layer 12. The porous structure is
formed by, for example, an anodization employing an HF
solution. The initial monocrystalline Si having the
density of 2.33 g/cm3 can be changed into a porous member
the density of which can be varied within the range between
1.1 and 0.6 g/cm3 by varying the HF concentration of the

etching solution between 50 % and 20 %.
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Referring now to Fig. 10B, another Si substrate 13 is
prepared and an insulating layer (silicon oxide layer) 14
is fbrmed on the surface of this Si substrate 13.
Subsequently, the surface of the insulating layer 14 of the
Si substrate 13 is bonded to the surface of the
monocrystalline .layer 12 on the porous Si substrate. The
whole structure 11-14 composed of the substrates and layers to
14 is then immersed in the etching solution of the present
invention and the solution is agitated so that only the
porous Si is etched by electroless wet chemical etching,
whereby a thinned non-porous monocrystalline silicon layer
12 is left on the insulating layer 14.

Fig. 10C shows the semiconductor member obtained by
the present process. That is, the
monocrystalline Si layer 12 having a crystallinity
equivalent to that of a silicon wafer is formed on the
insulating layer 14 on the Si substrate 13 with high degrees of
smoothness ané uniformity and with a small thickness, over a
wide area covering the whole surface of the wafer.

The sem%conductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

Embodiment 2
The following will now be given of a process in which

an N-type layer is formed before changing'the initial
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member into porous structure and, subsequently to the
formation of the N-type-léyer, a selective anodization is
effected to change only the P-type substrate or the high-
density N-type substrate into porous structure. Figs. 11Aa
to 11D show, in schematic sectional views, the
semiconductor member in different steps of the production
process.

Referring to Fig. 11A; as the first step, a layer 22
of a low impurity concentration is formed on the surface of
a P-type {or high—density N-type) Si monoérystalline
substrate 21, by an epitaxial growth performed by a
suitable method. Alternatively, an N-type monocrystalline
layer 22 may be formed on the surface of the é-type Si
monocrystalline substrate 21 by ion-implantation of prdton.

Then, as shown in Fig. 11B, the P-type Si |
monocrystalline substrate 21 is changed into a porous Si
substrate 23 by effecting, on the reverse side of the P-—-
type monocrystailine subsﬁrate 21, an anodization using,
for example, an HF solution. The initial monocrystalline
Si having the density of 2.33 g/cmd3 can be changed into a
porous member the density of which can be varied'wiﬁhin the
range between 1.1 and 0.6 g/cm3 by varying.the HF

concentration of the etching solution between 50 % and 20

%.
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Referring now to Fig. 11C, another Si substrate 24 is
prepared and an insulating layer 25 (silicon oxide layer)
is formed on the surface of the Si substrate 24. Then, the
insulgting layer 25 on the Si substrate 24 is bonded to the
surface of the monocrystalline Si iayer 22 on the porous
substrate. Subsequently, the whole structure composed of
the substrates and layers 22 to 25 is immersed in the
etching solution of the present invention and the solution
is agitated so that only the porous Si is etched by
electroless chemical etching, whereby a thinned non-porocus
monocrystalline silicon layer 22 is left on the insulating
layer 25.

Fig. 11D shows the semiconductor member obtained by
the present process. That is, a
monocrystalline Si layer 22 having a crystallinity
equivalent to that of a silicon wafer is formed on the
insulating layer 25 with high degrees of smoothness and
uniformity and with.a small thickness, over a wide area
covering the whoie-surface éf the wafer,

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation—isoléted
electronic device.

II-(3)

The fifth embodiment of the process of the invention will

be described with reference to the drawings. A description
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will be first given of a form in which the whole Si substrate is.
changed into porous structure and then a monocrystalliﬁe
layer is formed on the porous structure by epitaxial growth
method.

| Referring to Fig. 12A, as the first step, an Si
monocrystalline substrate 11 is prepared |
and is wholly changed into porous structure and, then, an
epitaxial growth is effected by a suitable method on the
surface of the pofous substrate, therebj forming a thin film . -
monocrystalline layer 12. The éorous structuréfis
formed by, for example, an anodization employing an HF
solution. The initial monocrystalline Si having the
density of 2.33 g/cm3 can be changed into a porous Si layer
the density of which can be varied within the range between
1.1 and 0.6 g/cm3® by varying the HF concentration of the
etching solution between 50 % and 20 %. The porous layer is
tended to form in a P type Si substrate. A transmission
electromicroscopic-observation showed that the porous Si layer
thus forﬁed has micropores of a mean diameter of about 600

Angstroms.

Referring now to Fig. 12B, a light-transmissive
substrate 13, which is typically a glass sheef; is
prepared. Then, the surface 6f the monocrystalline Si
layer on the porous Si substrate is oxidiied to form an
oxide layer 14. The above-mentioned light—traﬁsﬁissive

substrate 13 is then bonded on the surface of the oxide
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layer 14. This oxide layer plays an important role

formation of device. Namely, with such an oxide layer,

the interface level generated at the interface under

the Si active layer can be made lower as compared

with the glass interface, so that the characteristics

of the electronic device can be femarkably improved.
Referfing further to Fig. 12B, and Si3N4 layer 15 is

deposited as an anti-etching film(protective materiag to

cover the entire member composed of the two substratgs

bonded together, and the Si N, layer on the surface of

374
porous Si substrate is removed. Although Si_N, layer is

374

suitably used as the énti—etching layer, it is possible to
use other materials such as Apiezon wax as the material
of the.anti-etching layer. The porous Si substrate 11
is then immersed in the etching solution of the present
invention with agitating so that only the porous Si is
etched by electroless chemical etching, whereby a thinned
ﬁonocrystalline silicon layer is left on the light--
transmissive substrate 13.

Fig. 12C shows the semiconductor member obtained by
the described process. It will be seen that, as a result
of the removal of the anti-etching Si3N4 layer 15 in the

step shown in Fig. 12B, a monocrystalline Si layer 12

having a crystallinity equivalent to that of a silicon
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wafer is formed on the light-transmissive substrate 13 with
high degree of smoothness and uniformity and with a small
thickness, over a wide area covering the whole surface of
the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

II-(4)

The sixth embodiment of the process of the invention for

producing a semiconductor member will now be described.

Embodiment 1

A description will be first given of.a form in which
the whole Si substrate is changed into éorous structure and
then a monocrystalline layer is formed by epitaxial
growth method.

Figs. 13A to 13C illustrate successive steps of the
first embodiment in accordance with the
invention.

Referring to Fig. 13A, as the first step, an Si
monocrystalline substrate is prepared
and is wholiy changed into porous structure (11). Then, an
epitaxial growth is effected by a suitable method on the
surface of the porous substrate, thereby forming a thin
£film of monocrystall;ne layer 12, The porous structure is

formed by, for example, an anodization employing an HF
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1 solution. The initial monocrystalline Si having the
density of 2.33 g/cm3 can be changed into a porous Si layer
the density of which can be wvaried withih.the range between
1.1 and 0.6 g/cm3® by varying the HF concentration of the

5 etching solution between 50 % and 20 %. A transmission
electromicroscopic observation showed that the porous Si

layer thus formed has micropores of a mean diameter of

about 600 Angstroms.

Referring now to Fig. 13B, another Si substrate 13 is

10 Prepared and an insulating material 14 is formed on the
surface. Then the Si substrate having the
insulating material 14 is bonded to the surface of an oxide
layer 15 which is formed on the monocrystalline Si layer
carried by the porous Si substrate. The insulating

15 material 14 may be a deposited silicon oxide, nitride,
nitrided oxide, or tantalum, not to mention the insulating
layer of Si. The bonding step may be conducted by adhering
closely the rinsed surfaces, and.heating both substrate in an

oxygen atmosphere or a nitrogen atmosphere. The oxide layer 15

20 is formed for the purpose of reducing the interface level
of the monocrystalline layer 12 which is the final active

layer.

Then, as shown in Fig. 13C, the porous Si substrate 11
is immersed in the etching solution of the present

25
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invention and the solution is agitated, so that only the
porous Si is etched by electroless wet chemical etching so
as to leave a thinned monocrystalline Si layer on the
insulating material. fig. 13C shows the semiconductor
substrate obtained according to the present in#ention. As
a result, a monocrystalline Si layer 12 having crystallinity
equivalent to that of a silicon wafer is formed on the
insulated substrate 13 through the intermediarf of the
insulating material 14 and the oxide layer 15, with high
degrees of smoothness and uniformity and with a small
thickness over a wide area covering the whole surface of
the wafer.

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

Embédiment 2

A second embodimeqt will be described with reference
to the drawings.

Figs. 14A to 14D show, in schematic sectional views,
the second embodiment according to the present.invention.

Referring to Fig. 14A, as the first step, a léyer 32“
of a low impurity concentration is formed on the surface of
a P-type Si monocrystalline substrate 31, by an epitaxial
growth performed by a suitable method. Alternatively, an
N-type monocrystallihe layer 32 may be formed on the

surface of the P-type Si monocrystalline substrate 21 by

implantation of proton.
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Then, as shown in Fig. 14B, the P-type Si
monocrystalline substrate 31 is changed into a porous Si
substrate 33 by effecting, on the reverse side of the P-
type Si monocrystalline substrate 31 by anodization using,
for example, an HF solution. The initial monocrystalline
Si having the density of 2.33 g/cm3 can be changed into a
porous member the density of which can be varied within the
range between 1.1 and 0.6 g/cm3 by varying the ﬁF
concentration of the etching solution between 50 % and 20
%. As explained before, this porous layer is formed in the
P-type substrate.

Referring now to Fig. 14C, another Si substrate 34 is
prepared and an insulating layer 35 is formed on the
surface of the Si substrate 34. Then, the Si

substrate 34 having the insulating layer 35 is bonded to

the surface of the oxide layer 36 formed on the monocrystalline

Si layer on the porous Si substrate. Then, the porous
Si substrate is immersed in the etching solution of the
present invention and the solution is agitated so that only
the porous Si is etched by electroless chemical etching,
whereby a thinned non-porous monocrystalline silicon layer
is left on the insulating layer. |

Fig. 14D shows the semiconductor substrate obtained by
the described process. It will be seen that a

monocrystalline Si layer 32 having a crystallinity
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equivalent to that of a silicon wafer is formed on the
insulated substrate 34 through the intermediary of the
oxide layer 36 and the insulation layer 35, with high
degrees of smoothness and uniformity and with a small
thickness, over a wide area covering the whole surface of
the wafer. |

The semiconductor member thus obtained is advantageous
from the view point of production of an insulation-isolated
electronic device.

The processes described above are the typé in

which the N-type layer is formed prior to changing into
porous structure and then only the P-type substrate

is selectively changed into porous structure by anodization.
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IXI. The present invention will be described below in
detail by way of examples. However, the invention is not

limited to these examples except as defined in the appended.

claims.
Example 1

A porous Si layer 21 was formed to a thickness of 50 um
(t2 = 50 um) on the entirety of one of the major surfaces of
a monocrystalline Si substrate 22 by anodization (Fig. 1lA).

Anodization was performed under the following

conditions:
Applied voltage: 2.6 (V)
Current density: 30 (mA-cﬁ_Z)
Anodizing. solution: HF :H20:C2H50H = 1:1:1
Time: ' 0.4 (hour)
Thickness of porous Si: 50 (pm)
Porosity: 56 (%)

Thereafter, the porous Si/monocrystalline Si substrate
was subjected to selective etching using a 49% HF solution.
In thirty-three minutes, the porous Si was selectively
etched with the monocrystalline $i acting as an etch

stopper, only the monocrystalline Si being left behind, as

shown in Fig. 1B.

Example 2

e ——
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Prior to anodization, boron ions were implanted in one
of the surfaces of a monocrystalline Si substrate 32 at an
average conceﬁtration of 1.0 x 1019 cm'-"3 in stripes spaced
apart from each other by a distance of 100 um. As shown in
Fig. 2A, porous Si 31 was formed by anodization in stripes
spaced apart from each other by a disténce (b3 = 100 jum) of
100 jam, each stripe having a width (a3 = 100-um) of 100_pm and
a thicknesé (t3 = ljum) of 1 pm.

Anodization was performed under the following

conditions:
Applied voltage: 2.6 (V)
Current density: 30 (mA-cm_z)
Anodizing solutidn: HF :H20:C2H50H = 1:1:1
Thickness of porous Si: 1 (pm)
Porosity: 56 (%)

Thereafter, the porous Si/monocrystalline Si substrate
was subjected to selective etching using a 49% HF solution.
In two minutes, the porous Si was selectively etched, only

the monocrystalline Si being left behind, as shown in Fig.

2B.
Example 3

A 3um (ugq = 3 pm) thick polycrystalline Si layer 41 was
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formed on a monocrystalline Si substrate 42 by CVD (Fig.
3aA). As shown in Fig. 3B, a surface layer of 2 Um (tgq = 2
pm) of the polycrystalline Si layer 41 was made porous by
anodization to form a porous Si layer 43.

Anodization was performed under the following

conditions:
Applied voltage: 2.6 (V)
Current density: 30 (mA-cm~2)
Anodizing solution: HF:H20:02H50H.= 1:1:1
Thickness of porous Si: 2 (um)
Porosity: 56 (%)

Thereafter, the porous Si/polycrystalline
Si/monocrystalline Si substrate was subjected to selective
etching using a 49% HF solution. 1In four minptes, the
porous Si was selectively etched with the polycrystalline
Si acting as an. etch stopper, only the polycrystalline Si
and monocrystalline Si being left behind, as shown in Fig.

3C.

Example 4

A 3um (ug = 3 um) thick polycrystalline Si layer 51 was

formed on a monocrystalllne Si substrate 52 by CVD. Prior

to anodization, boron ions were implanted into the surface
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19 -3

.of the polycrystalline Si layer 51 at 1.0 x 10 cm in

stripes spaced apart from each other by a distance of 20 um.

As shown in Fig. 4A, porous Si 53 was formed by anodization

in stripes spaced apart from each other by a distance (bg =
20 um) of 20 um, each stripe having a width (a5 = 20 pm) of
20 pm and a thickness (tg = 1 pum) of 1 Hm.

Anodization was performed under the following

conditions:
Applied voltage: 2.6 (V)
Current density: oo 30 (mA-cm™2)
Anodizing solution: HF:H20:C2H50H = 1:1:1
Thickness of porous Si: 1 (Pm)
Porosity: 56 (%)

Thereafter, the porous Si/polycrystalline
Si/monocrystalline Si substrate Waé subjected to selective
etching using a 49% HF solution. In two ﬁinutes, the porous
Si was selectively etched, only the polygrystalline Si and
monocrystalline Si being left behind, as shown in Fig. 4B.
Example 5

A porous Si layer 61 was formed to a thickness éf Solum
(t6 = 50 um) on the entirety of one of the major surfaces of

a monocrystalline Si substrate 62 by anodization (Fig. 5a).
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Anodization was performed under the following

conditions:
Applied voltage: : 2.6 (V)
Current densify: "30 (mA<cm~2)
Anpdizing solution: HF :H20:C2H5OH = 1:1:1
Time: 0.4 (hour)
Thickhess of porous Si: 50 (pm)
Porosity: 56 (%)

As shown in Fig. 5B, a resist 63 was patterned in
stripes spaced apart from each other by é distance (bg = 100
Um) of 100 pum, each stripe having a width (ag = 100 pm) of
100 pm.

Thereafter, thé porous Si/monocrystalline Si substrate
was subjected to selective etching using a 49% HF solution.
In thirty-three minutes, the porous Si was selectively
removed, only the monocrystalline-si-being left behind, és

shown in Fig. 5C. Finally, the resist was removed (Fig.

SD) .
Example 6

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (10:1)
of 49% hydrofluoric acid and ethyl alcohol was used as an

etchant. 1In twenty-nine minutes after initialization of
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etching, the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper.
Example 7

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution (10:1)
of 439% hydrofluoric acid and ethyl alcohol was used as an
etchant. In one point seven minutes after initialization of
etching, the porous Si was selectively removed, only the

monocrystalline Si being left behind.
Example 8

Etching was performed in the same manner as that of
Example 3 with the excéption that a mixture solution (10:1)

of 49% hydrofluoric acid and ethyl alcohol was used as an

etchant. 1In three point four minutes after initialization

of etching, the porous Si was selectively removed with the
polycrystalline Si acting as an etch stopper, only the
polycrystalline Si and the monocrystalline Si being left
behind, as shown in Fig.'éc.
Example O

Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution (10:1)
of 49% hydrofluoric acid and ethyl alcohol was used as an
etchant.

In one point seven minutes after initialization of

etching, the porous Si was selectively removed, only the

polycrystalline Si and monocrystalline Si being left behind,
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as shown in Fig. 4B.
Example 10

Etching was performed in the same manner as that of
Example 5 with the exception that a mixture solution (10:1)
of 49% hydrofluoric acid and ethyl alcohol was used as an
etchant. 1In twenty-nine minutes after initialization of
etching, the porous Si was selectively removed, only the
monocrystalline Si being left behind, as shown in Fig. 5C.
Finally, the resist was removed (Fig. S5D).
Example 11

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. In twenty-one minutes after initialization of
etéhing, the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper, only the mono-
crystalline Si being left behind, as shown in Fig. 1B.
Example 12 |

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. In one point three minutes after initialization
of etching, the porous Si was selectively removed, only the

monocrystalline Si being left behind, as shown in Fig. 2B.

Example 13
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Etching was performed in the same manner as that of
Example 3 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydrogen peroxide was used as
an etchant. In two point six minutes after initialization
of etching, the porous Si was selectively removed with the
polycrystalline -Si acting as an etch stopper, only the
polycrystélline Si and the monocrystalline Si being left
behind, as shown in Fig. 3C.

Example 14

Etching was performed in the same manner as that of
Example 4 with.the exception that a mixture solution (l:Sf
of 49% hydfofluoric acid and hydrogen peroxide was used as
an etchant. In one point three minutes after initialization
of etching, only the porous Si was selectively removed, only
the polycrystalline Si and monocrystalline Si being left
behind, as shown in Fig. 4B.

Example 195

Etching'was performed in the same manner as that of
Example 5 with the exception that a mixture solution (1:5)
of 49% hydrofluoric acid and hydfogen peroxide was used as
an etchant. 1In this etching, only the porous Si was
selectively removed, leaving the monocrystalline Si behind,

as shown in Fig. SC. Finally, the resist was removed (Fig.

SD) .
Example 16
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Etching was performed in the same.manﬁer as that of
Example 1 with Ehe exception that a mixture solution
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as an etchant. In twenty-six
minutes after initialization of etching, the porous Si waé
selectively removed with the remaining monocrystalline Si.
acting as an etch stopper, as shown in Fig. 1B.

Example 17 '

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as an etchant. In one point four
minutes after initialization of etching, the porous Si was
selectively removed, only the monocrystalline Si being left
behind, as shown in Fig. 2B.

Example 18

Etching was performed in the same manner as that of
Example 3 with the exception that a mixture solution
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and
hydrogéen peroxide was used as an etchant. In two point
eight minutes after initialization of etching, the porous Si
was seiectively removed with the polycrystalline Si acting
as an etch stopper, only the polycrystalline Si and the
monocrystalline Si being left behind, as shown in Fig. 3C.

Exgmglg 19
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Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution
(10:6:50) of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as.an etchant. In one point four
minutes after initialization of etching, the porous Si was

selectively removed, only the polycrystalline Si and

- monocrystalline Si being left behind, as shown in Fig. 4B.

Example 2

Etching was performed in the same' manner as that of
Example S with the exception that a mixture solution
{10:6:50). of 49% hydrofluoric acid, ethyl alcohol and
hydrogen peroxide was used as an etchant. In twenty-eight
minutes after initialization of etching, the porous Si was
selectively removed, only the monocrystalline Si being left
behind, as shown in Fig. 5C. Finally, the resist was
removed (Fig. 5D).

Example 21 .

'Etching was performed in the same manner as that of
Example 1 with the exception that a buffered hydrofluoric
acid (NH4F: 36.2%, HF: 4.5%) was used as an etchant., .In
nineteen minutes after initialization of etching, the poroﬁs
Si was selectively reﬁoved with the monocrystalline Si
acting as an etch stopper, as shown in Fig. 1B.

Example 22

Etching was performed in the same manner as that of
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Example 2 with the exception that a buffe;ed hydrofluoric
acid (NH4gF: 36.2%, HF: 4.5%) was used as an etchant. In
seven seconds after initialization of etching, only the
porous Si was selectively removed, leaving the
monocrystalline Si behind, as shown in Fig. 2B.
Example 2

Etching was performed in the same manner as that of
Example 3 with the exception that a buffered hydrofluoric
acid (NH4F: 36.2%, HF: 4.5%) was used as an etchant. 1In
fourteen seconds after initialization of etching, the porous
Si was selectively removed with the polycrystalline Si
acting as an etch stopper, only the polycrystalline Si and

the monocrystalline Si being left behind, as shown in Fig.

3C.
Example 24

Etching was performed in the same manner as that of
Example 4 with the exception that a buffered hydrofluori¢
acid'(NH4F: 36.2%, HF: 4.5%) was used as an etchant. In
seven seconds after initialization of etching, only the
porous Si was selectively removed, leaving the

polycrystalline Si and monocrystalline Si behind, as shown

in Fig. 4B.
Example 25

Etching was performed in the same manner as that of

Example 5 with the exception that a buffered hydrofluoric
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acid (NH4F: 36.2%, HF: 4.5%) was used as an etchant. 1In
nineteen minutes after initialization of etching, the porous
Si Qas selectively removed, only the monocrystalline Si
being left behind, as shown in Fig. 5C. Finaliy, the resist
was removed (Fig. 5D).

Example 26

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In twenty—one minutes after initialization of
etching, the porous Si waé selectively removed with the
monocrystalline Si acting as an etch stopper, only the
monocrystalline Si being left behind, as shown in Fig. 1B.

xam 7

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution {(10:1)
of buffered hydrofluoric acid-and ethyl alcohol was used as
an etchant. In seven seconds af;er initialization of
etching, only the porous Si was selectively removed, leaving
the monocrystalline Si behind, as shown in Fig. 2B.

X le 2

Etching was performed in the same manner as that of
Example 3 with the exception that a-mixtﬁre solution (10:1)
of buffered hydrofluoric acid and ethyi alcohol was used as

an etchant. In fourteen seconds after initialization of
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etching, the porous Si was selectively removed with the
polycrystalline Si acting as an etch stopper, only the
polycrystalline Si and the monocrystalline Si being left
behind, as shown in Fig. 3C.
Ex 2

Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In seven seconds after initialization of
etching, only the porous Si was selectively removed, leaving
the polycrystalline Si and monocrystalline Si behind, as

shown in Fig. 4B.

Exam

Etching was performed in the same manner as that of
Example 5 with the exception that a mixture solution (10:1)
of buffered hydrofluoric acid and ethyl alcohol was used as
an etchant. In twenty-one minutes after initialization of
etching, the porous Si was selectively removed, 6nly the
monocrystalline Si being left behind, as shown in Fig. 5C.
Finally, the resist was removed (Fig. 5D).

Example 33

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution (1:5)
of buffered hydrofluoric acid and hydrogen peroxide was used

as an etchant. In nine minutes after initialization of
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etching, the porous Si was selectively removed with the
monocrystalline Si acting as an etch stopper, only the mono-
crystalline Si being left behind, as shown in Fig. 1B.

mpl 2

Etching was performed in ;he same manner as that of
Example 2 with the exception that a mixture solution (1:5)
of buffered hydrofluoric acid and hydrogen peroxide. was used
as an etchant. In five seconds after initialization of
etching, only the porous Si was selectively removed, leaving
the monocrystalline Si behind, as shown in Fig. 2B.

Example 33

Etching was performed in the same manner as that of
Example 3 with the exception that a mixture solution (1:5)
of buffered hydrofluoric acid and hydrogen peroxide was used
as an etchant. 1In ten seconds after initialization of
etching, the porous Si was selectively removed with the
polycrystalline Si acting as an etch stopper, only the
polycrystalline Si and the monocrystalline Si being left
behind, as shown in Fig. 3C.

xam 4.

Etching was performed in the same manner as that of
Example 4 with the exception that a mixture solution (1:3)
of buffered hydrofluoric acid and hydrogen peroxide was used
as an etchant. In five seconds after initialization of

etching, only the porous Si was selectively removed, leaving
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the polycrystalline Si and monocrystalline Si behind, as
shown in Fig. 4B,
Example 35

Etching was performed in the same manner as that of
Example 5 with the exception that a mixture solution (1:5)
of buffered hydrofluoric acid and hydrogen peroxide was used
as an etchant. In nine minutes, the porous Si was
selectively removed, only the monocrystalline Si being left
behind, as shown in Fig. 5C. PFinally, the resist was
removed (Fig. 5SD).
Example 36

Etching was performed in the same manner as that of
Example 1 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen pgroxide was used as an
etchant. 1In ten minutes after initialization of etching,
the porous Si was selectively removed with the
monocrystalline Si acting as an etch stépper, only the mono-
crystalline Si being left, as shown in Fig. 1B,
Ex 1 i

Etching was performed in the same manner as that of
Example 2 with the exception that a mixture solution 5
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an

etchant. In six seconds after initialization of etching,
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only the porous Si was selectively removed, leaving the
monocrystalline Si behind, as shown in Fig. 2B.
Exampl 8

Etching was performed in the same manner as that of
Example 3 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%,'HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an
etchant. 1In twelve seconds after initialization of etching,
the porous Si was selectively removed with the
polycrystalline Si acting as an etch stopper, only the
polycrystalline Si and fhe monocrystalline Si being left
behind, as shown in Fig. 3C.

&amp_l.ij_&

Etching was performed in the same manner as thaf of
Example 4 with the exception that a mixture solution
(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
4.5%), ethyl alcohol and hydrogen peroxide was used as an
etchant. 1In six seconds aftér initialization of etching,
only the porous Si was selectively removed, leaving the

polycrystalline Si and monocrystalline Si behind, as shown

in Fig. 4B.
Example 40

Etching was performed in the same manner as that of
Example 5 with the exception that a mixture solution

(10:6:50) of buffered hydrofluoric acid (NH4F: 36.2%, HF:
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1 4.5%), ethyl alcohol and hydrogen peroxide was used as an
etchant. In ten minutes after initialization of etching,
the porous Si was selectively removed, only the
monocrystalline Si being left behind, as shown in Fig. 5C.

5 Finally, the resist was removed (Fig. 5D).

Exam 41
Anodization was conducted on a P-type (100)
monocrystalline Si substrate having a thickness of 200 pm in
et a 50% HF solution at a current density of 100 mA/cmZ2. The

o 10 Porous structure formation rate was 8.4 um/min and hence it

took twenty four minutes for the 200 pum—-thick P-type (100)
Si substrate to be made entirely porous.

A Si epitaxial layer.with a thickness of of 0.5 um was
grown on the P-type (100} porous Si substrate at a low

15 temperature by molecular beam epitaxy (MBE). Depdsition was

conducted under the following conditions:

Temperature: 700°C
(ff . Pressure: 1 x 10~9 Torr
20 Growth rate: 0.1 nm/sec.

Next, an optically polished fused silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was then heated at 800°C in an oxygen

25 atmosphere for 0.5 hours to firmly join the two substrates
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to each other.

Si3Ng4 was deposited to a thickness of 0.1 um by plasma
CVD method to co&er the bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching. The;eafter, selective etching was cdnducted on
the bonded substrates in a 49% hydrofluoric acid solution
while the solutioh was being stirred. 1In seventy eight
minutes, the porous Si substrate was completely etched with
the monocrystalline Si layer acting as an etch stopper, only
the monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eigﬁt minutes.
Since the ratio of the etching rate of the non—-porous

monocrystalline Si to that of the porous layer is 1.: 102 or

more, the amount of non-porous layer which is etched (several.

tens angstroms) can be ignored in a practical operation. That

is, the 200 pm-thick porous Si substrate was removed, and
subsequently the Si3N4 layer was remo?ed with a result that
the 0.5 pm-thick monocrystalline Si layer formed on thé
glass substrate remained. |

The cross-section of the monocrystalline Si layer was
observed with a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline
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structure.
xam 42
Anodization was conducted on a P type (100)

monocrystalline Si substrate having a thickness of 200 Mm in
a 50% HF solution at a current density of 100 mA/cmZ. The
porous structure formation rate was 8.4 Hm/min and hence it
took twenty four minutes for the 200 pm—thick P type (100)
Si substrate to be made entirely porous. A Si epitaxial
layer with a thickness of 5.0 um was grown on the P type
(100) porous Si substrate at a low temperature by plasma

CVD. Deposition was conducted under the following

conditions:

Gas: SiHyg

High-frequency power: 100 W

Temperature: 800°C.
Pressure: 1 x 10~2 Torr

Growth rate: 2.5 nm/sec.

'Next, an optically polished glass substrate having a
softening point of about 500 °C was placed on the surface of
the epitaxial layer. The whole structure was heated at
450°C in an oxygen atmosphere for 0.5 hours to firmly join
the two substrates to each other.

Si3Ng was deposited to a thickness of 0.1 pm by plasma
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CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si- substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
moﬁocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 109 or

more, the aﬁount of non-porous layer which is etched (several

tens angstroms) can be ignored in a practical operation. That

is, the 200 um-thick porous Si substrate was removed, and
subsequently the Si3Ng4 layer was removed with a result that
the 5.0 pm-thick monocrystalline Si layer formed on the
glass substrate having a low softening point remained.
Example 43

Anodization was conducted on a P type (100}
monocrystalline Si substrate having a thickness of 200 um in
a 50% HF solution at a current density of 100 mA/cm?Z . Tﬁe

porous structure formation rate was 8.4 pum/min and hence it
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took twenty four minutes for the 200 um—thick P type. (100)
Si substrate to be made entirely porous. A Si epitaxial
layer with a thickness of 1.0 pm was grown on the P ﬁype
(100) porous Si substrate at a low temperature by bias

sputtering. Deposition was conducted under the following

conditions:

RF frequency: 100 MH=z

High-frequency power: 600 W

Temperature: 300°C

Ar gas pressure: 8 x 10~3 Torr
Growth rate: 120 minutes
Target d.c. bias: -200 v

Substrate d.c. bias: +5 Vv

Next, an optically polished glass substrate having a
softening point of about 500 °C was placed on the- surface of
the epitaxial laye:. "The whole structure was heated at
450°C in an oxygen atmosphere for 0.5 hours to firmly join
the two substrates to each other.

Si3N4 was deposited to a thickness of 0.1 um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter; selective etching was conducted on the

bonded substrates in a 49% hydrofluoric acid solution while

the solution was being stirred. In seventy eight minutes,
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the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non—porous'monocrysfalline Si
was so low that only a maximum of 50 A of non;porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous

monocrystalline Si to that of the porous layer is 1 : 105 or

more, the amount of non-porous layer which is etched (several

tens angstroms) can be ignored in a practical oberéfibn. That

is, the 200 um—thick porous Si substrate was remﬁved, and
subsequently the Si3Ng layer was removed with a result that
the 1.0 pm-thick monocrystalline Si layer on the glass
substrate havihg é low softening point remained."

In case of coating of Apiexon Wax or Electron Wax in
place of the Si3N4 layer, the same effect was obtained and

only the Si substrate made porous was completely removed.

X le 44

Anodizatibn was conducted on a N type (100)
monocrystalline Si substrate having a thickness of 200 um in
a 50% HF solution at a current density of 100 mA/cmZ. The
poréus structure formation rate was 8.4 um/min and hence it
took twentylfour minutes fér the 200 pm—thick N type (100)
Si substrate to be made entirely porous. A Si épitaxial
layer with a thickness of 10 um was grown on thé-N type

(100) porous Si substrate at a low temperature by liquid
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phase growth method under the following conditions:

Solvent: Sn, Solute: Si
Growth temperaturé: 900°C

Growth atmosphere: H2

Growth time: 20 minutes

Next, an optically polished gléss substrate having a
softening point of about 800 °C was placed on the surface of
the epitaxial layer. The whole structure was heated at
750°C in an oxygen atmosphere for 0.5 hours to firmly join
the two substrates to each other.

Si3N4 was deposited to a thickness of 0.1 um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was remeved by reactive
ion gtching.

Thereafter, sglective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being.st%rred. In seventy eight minutes,
the porous Si substrate Q;s completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystélline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si

was so low that only a maximum of 50 A of non-porous

monocrystalline Si was removed in seventy eight minutes.
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Since the ratio of the etching rate of the non-porous

monocrystalline Si to that of the porous layer is 1 : 105 or

more, the amount of non-porous layer which is etched (several

tens angstroms) can be ignored in a practical operation. That

is, the 200 pum-thick porous Si substrate was removed, and

subsequently the Si3Ng layer was removed with a result that

the 10 pum-thick monocrystalline Si layer on the glass

substrate remained.

Coating of Apiezon Wax in place of the Si3N4 layer was

also effective and assured complete removal of only the

porous Si substrate.

Ex le 4

Anodization was conducted on a P type (100)

monocrystalline Si substrate having a thickness of 200 Mm in

a 50% HF solution at a current density of 100 maA/cm?.

The porous structure formation rate was 8.4 um/min and

hence it took twenty four minutes for the 200 um~thick P

type (100} Si substrate to be made entirely porous. A Si

epitaxial layer with a thickness of 1.0 jm was grown on the

P type (100) porous Si substrate at a low temperature by

low-pressure CVD. Deposition was conducted under the

following conditions:

Source gas:

Carrier gas:

SiHg

800 SscCcCM

150 liter/min
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Temperature: 850°C
Pressure: 1 x 1072 Torr
Growth rate: 3.3 nm/sec

Next, an optically polished fuzed silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was heated at 800°C in an oxygen
atmosphere for 0.5 hours to firmly join the two substrates
to each other.

Si3Ng4 was deposited to a thickness of 0.1 im by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes}
the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of tﬁe etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 :. 103 or

more, the amount of hon~porous layer which 1is. etched (several

————
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tens angstroms) can be ignored in a practical operation. That

is, the 200 pm-thick porous Si substrate was removed, and
subsequently the Si3Ng4 layer was removed with a result that
the 1.0-thick Mm monocrystalline Si layer on the silica
glass substrate remained.

When SiH2Cl> w&s used as the source gas, the growth
temperature had to be higher by éeveral tens of degrees.
However, high-speed etching characteristics to the porous
substrate did not deteriorate.

Example 46

A Si epitaxial layer with a thickness of 1.0 Um was

grown on a P type (100) Si substrate having a thickness of

200 pm by CVD. Deposition was conducted under the following

conditions:
Reactive gas flow rate: SiH4 1000 scCCM
Ho 230 liter/min.
Temperature: 1080°C
Pressure: 760 Torr
Time: i} _ 2 min

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cm2. The porous
structure formation rate was 8.4 gm/min and hence it took

twenty four minutes for the 200 pum-thick P type (100) Si
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substrate to be made entirely porous. At that time, there
was no change in the Si epitaxial layer.

Next, an optically polished fuzed silica glass

' substrate was placed on the surface of the epitaxial layer.

The whole structure was heated at 800°C in an oxygen

atmosphere for 0.5 hours to firmly join the two substrates

to each other.

Si3Ng was deposited to 'a thickness of 0.1 Um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was femovea by reactive
ion etching.

Thereafter, selective etching was conducted on fhe
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si substrate was completely removed with the
monocrystalline Si layer acting as an etch stopper; only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that oﬁly a maximun 6f 50 i of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of ﬁhe non-porous
monocrystalline Si to that of the porous layer is 1 : 103,
the amount of non-porous layer: which is etched (several tens
angstroms) can be ignored in a-practical operation. That

is, the 200 pm-thick porous Si substrate was removed, and
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1 subsequently the Si3Ng layer was removed with a result that
the 1.0 pm monocrystalline Si layer on the silica glass
subsﬁrate remained.

. The cross—-section of the monocrystalline Si layer was

5 observed with a transmission type electron microscope. It

was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.
— Example 47
10 A Si epitaxial layér with a thickness of 0.5 Um was
grown on a P type (100) Si substrate having a thickness of

200 pm by CVD. Deposition was conducted under the following

conditions:
15 Reactive gas flow rate: SiH2Clo 1000 sSCCM
Ho 230 liter/min
Temperature: 1080°C
Pressure: ' 80 Torrxr"
Time: - _ 1 min
20
Anodization was conducted on the substrate in a 50% HF
: solution at a current density of 100 mA/cmZ. The porous
structure formation rate was 8.4 pm/min and hence it took
twenty four minutes for the 200 um—-thick P type (100) Si
25 substrate to be made entirely porous. As mentiéned above,
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anodization made only the P type (100) Si substrate porous,
and there was no change in the Si epitaxial layer.

Next, an optically poiished fuzed silica glass
substrate was placed on the surface of the epitaxial layer.
The whole structure was heated at 800°C in an oxygen
atmosphere for 0.5 hours to firmly join the two substrates
to each other. |

Si3N4 was deposited to a fhickﬁess of 0.1 um by plasma
CvD go cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A 6f noﬁ—porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 102,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That

is, the 200 um-thick porous Si substrate was removed, and
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subsequently the Si3N4 layer was removed with a result that
the 0.5 pm—-thick monocryétalline Si layer on the silicé
glass substrate remained.

The cross—-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the
Si layer and hence the Si layer had excellent crystalline
structure.

Exam 4

-

A N type Si'iayer with a thickness of 1 pm was formed
on a P type (100) Si substrate having a thickness of 200 um
by proton implantation. Implantation rate of HY was 5 x
1015 (ions/cm2) .

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cmz.. The porous
structure formation rate was 8.4 um/min and hence it took
twenty four minutes for the 200 pum-thick P type (100) si
suﬁstrate to be made entifely porous. As mentioned above,
anodization made only the P type (100) Si substrate porous,
and there was no change in the N type Si layer.

Next, an optically polished fuzed silica glass
substrate was placed on the surface of the N type Si layer.
The whole structure was heated at 800°C in an oxygen

atmosphere for 0.5 hours to firmly join the two substrates

to each other.
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Si3Ng was deposited to a thickness of 0.1 Um by plasma
CVD to cover the two bonded substrates, and then only the
nitride film on the porous substrate was removed by reactive
ion etching.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In seventy eight minutes,
the porous Si- substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the nori-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in seventy eight minutes.
Since the ratio of the etching rate of the non-porous
monocrystal{ine Si to that of the porous layer is 1 : 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um;thick poroﬁs Si substrate was removed, and
subsequently the Si3Ng4 layer was removed with a result that
the 1 um—thick-monécrystalline Si layer on the silica glass
substrate remained.

The cross-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It

was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline
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Anodization was conducted on a P type (100)

monocrystalline Si substrate having a thickness of 200 um in

a HF solution under the following conditions:

Applied voltage:
Current density: .
Anodizing solution:
Time:

Thickness of porous Si:

Porosity:

2.6 (V)

30 (mA-cm=2)
HF:H20:C2Hs0H = 1:1:1
1.6 (hour)

200 (Hm)

56 (%)

A Si epitaxial layer wit@ a thickness of 0.5 um was

grown on the P type (100) porous Si substrate at a low

temperature by molecular beam epitaxy {(MBE).

Deposition was

conducted under the following conditions:

Temperature:
Pressure:

Growth rate:

700°C
1 x 10-9 Torr

0.1 nm/sec.

Next, a second Si substrate with a 5000 A thick

oxidized layer formed on the surface thereof was placed on

the surface of the epitaxial layer. The whole structure was
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heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded subsﬁrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, only the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minﬁteé. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um-thick porous Si substrate was removed with a
result that the 0.5 um—~thick monocrystalline Si layer formed
on the Si072 layer remained.

The cross—section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

struc;ure.
Example 50

Anodization was conducted on a P type (100)
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monocrystalline Si substrate having a thickness of 200 um in
a HF solution in the same manner as that of Example. 49.

A Si epitaxial layer with a thickness of 0.5 Um was
grown on the P type (100) porous Si substrate at a low
temperature by plasma CVD. Deposition was conducted under

the following conditions:

Gas: SiHg

High—-frequency power: 100 W

Temperature: 800°C
Pressure: 1 x 102 Torr
Growth rate: 2.5 nm/sec.

Next, a second Si substrate with a 5000 A thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an §xygen atmosphere for 0.5 houfs to
firmly join fhe two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystaliine Si layer acting as an etch stopper, only the
monoc;ystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
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was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. ' Since
the ratio of the efching rate of the non-porous
monocrystalline Si to that of the porohs layer is 1 : 103,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 pm-thick porous Si substrate was removed with a

result that the 0.5 pm thick monocrystalline Si layer on the

Si0O2 layer remained.
Ex 1 1

Anodization was conducted on a P type (100)
monocrystalline Si substrate having a thickness of 200 pm in
a HF solution in the same manner as that of Example 49.

A Si epitaxial layer with a thickness of 0.5 Um was
grown on the P type (100) porous Si substrate at a low

temperature by bias sputtering. Deposition was conducted

under the following conditions:

RF frequency: 100 MHz

High-frequency power: 600 W

Temperature: 300°C
Ar gas pressure: 8 x 10~3 Torr
Growth time: €0 minutes
Target d.c. bias: -200 Vv
Substrate d.c. bias: +5 V
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Next, a second Si substrate with a 5000 A thick
oxidized layér formed on the surface thereof was placed on
the sqrface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution-was being stirred. In sixty two minutes, the
porous Si substrate was conipletely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

‘The étching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. -Since
the ratio of the etching rate of the non—-porous
monocrystalline Si to that of the porous layer is 1 109,
the amount of non-porous layer which-is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um—-thick porous Si substrate was removed with a

result that the 0.5 um thick monocrystalline Si layer on the

Si02 layer remained.
Examnple 52

Anodization was conducted on a N type (100)

monocrystalline Si substrate having a thickness of 200 Um in
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a HF solution in the same manner as that of Example 49.
A Si epitaxial layer with a thickness of 5 Um was grown
on the N type (100) porous Si substrate at a low temperature

by liquid phase growth under the following conditions:

Solvent: Sn, Solute: Si
Growth temperature: 900°C

Growth atmosphere: H2

Growth rate: 10 minutes

Next, a second Si substrate with a 5000 A thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being_stirred. In sixty two minutes} the
porous Si substrate was complétely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty-two minutes. Since

the ratio of the etching rate of the non-porous
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monocrystalline Si to that of the porous layer is 1 : 1095,
the amount of non-porous layer which is etched (several tens
aﬁéstroms) can be ignored in ‘a practical operation. That
is, the 200 pum-thick porous Si substrate was removed with a

result that the 5 Mm thick monocrystalline Si layer on the

Si02 layer remained.
Example 53 |

Anodization was conducted on a P type (100f
monocrystalline Si substrate having a thickness of 200 um in
a HF solution in the same manner as that of Example 49.

A Si epitaxial layer with a thickness of 1.0 Um was
groﬁn on the P type (100) porous Si substrate at a low

temperature by low—pressure CVD. Deposition was conducted

under the following conditions:

Source gas: SiHg

Carrier gas: H2
Temperature: 850°C
Pressure: | 1 x 10~2 Torr
Growth rate: - 3.3 nm/sec

Next, a second Si substrate with a 5000 A thick
oxidized laver formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was

heated at 800°C in an oxygen atmosphere for 0.5 hours to
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firmly Jjoin the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystallinelsi
was so low that only a maximum of S0 A of non-porous
monocrystalline Si was removed in sixty-two minutgs. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,
the améunt of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 um-thick porous Si substrate was removed with a
result that the 1.0 um thick monocrystalline Si layer on the
Si0O2 layer remained.

When SiH2Cly was used as the source gas, the growth
temperature had to be higher by several tens of degrees.
However, high—speed etching characteristics to the porous
substrate did not deteriorate.

Example 54

A Si epitaxial layer with a thickness of 1 jm was grown

on a P type (100) Si substrate having a thickness of 200 pm

by low-pressure CVD. Deposition was conducted under the
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following conditions:

Reactive gas flow rate: SiH2Cl2 1000 sccM

Ho 230 liter/min

Temperature: 1080°C
Pressure: 80 Torr
Time: 2 min

Anodization was conducted on the substrate in a 50% HF
solution at a current density of 100 mA/cmZ. The porous
structure farmation rate was 8.4 um/min and hence it took
twenty four minutes for the 200 pm—thick P type (100) Si
substrate to be made entirely porous. As mentioned above,
anodization made only the P type (100) Si substrate porous,
and did not affect the Si epitaxial layer at all.

Next, a second Si substrate with a 5000 A-thick
oxidized layer forﬁed on the surface thereof was placed on
the surface of the epitaxial layér. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the

monocrystalline Si layer acting as an etch stoppef, while
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the monocrystalline Si layer remained.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalllne Si was removed in sixty two minutes. Since
the ratlo of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 109,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignofed in a practical operation. That
is, the 200 pum-thick porous Si substrate was removed with a
resu;t that the 1.0 um thick monocrystalline Si layer on the
Sioé layer remained.

The cross-section of the monoérystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.
Example 55

A Si epitaxial layer with a thickness of 5 Um was grown
on a P type (100) Si substrate having a thickness of 200 pum |

by atmospheric CVD. Deposition was conducted under the

following conditions:

Reactive gas flow rate: SiH2Cl»2 1000 ScCCM

H2 230 liter/min

Temperature: i080°C
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Pressure: 760 Torr

Time: 1 min

Anodization was conducted on the substrate in a HF
solution in the same manner as that of Example 49. As
mentioned above, anodization made only the P type (100) Si
substrate porohs, and did not affect the Si epitaxial layer
at all.

Next, a second Si substrate with a 5000 A-thick
oxidized layer formed on the surface thereof was placed on
the surface of the epitaxial layer. The whole structure was
heated at 800°C in an oxygen atmosphere for 0.5 hours to
firmly join the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being-stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monocrystalline Si layer acting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalliné Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty two minutes. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1 : 105,

the amount of non-porous layer which is etched (several tens
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1 angstroms) can be ignored in a practical operation. That
is, the 200 um—thick porous Si substrate was removed with a
result that the 5.0 pm thick monocrystalline Si layer on the
Si02 layer remained.

5 The cross—-section of the monocrystalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layér had excellent crystalline
structuré.

10 xampl

A N type Si layer with a thickness of 1 um was formed
on a P type (100) Si substrate having a thickness of 200 um
by proton implantation. Implantation rate of HY was 5 x
1015 (ions/cm?).

15 Anodization was conducted on the substrate in a 50% HF
solution aﬁ a current density of 100 mA/cmZ. The porous
structure formation rate was 8.4 Um/min and hence it took
twenty four minutes for the 200 um—thick P type (100) Si
substrate to be made entirely porous. As mentioned above,

20 anodization made only the P type (100) Si substrate porous,
and did not-change the N type Si laver.

: Next, a second Si substrate with a 5000 A-thick
oxidized layer formed on the surface thereof was placed on
the surface of the N type Si layer. The whole structure was

25 heated at 800°C in an oxygén atmosphere for 0.5 hours to
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firmly Jjoin the two substrates to each other.

Thereafter, selective etching was conducted on the
bonded substrates in a 49% hydrofluoric acid solution while
the solution was being stirred. In sixty two minutes, the
porous Si substrate was completely etched with the
monoctystalline Si layer écting as an etch stopper, the
monocrystalline Si layer being left behind.

The etching rate of the non-porous monocrystalline Si
was so low that only a maximum of 50 A of non-porous
monocrystalline Si was removed in sixty two minutes. Since
the ratio of the etching rate of the non-porous
monocrystalline Si to that of the porous layer is 1.: 105,
the amount of non-porous layer which is etched (several tens
angstroms) can be ignored in a practical operation. That
is, the 200 pm-thick porous Si substrate was removed with a
result that the 1.0 pum thick monocrystalline Si layer on the
Si02 layer remained.
| The cross—-section af the monocryétalline Si layer was
observed by a transmission type electron microscope. It
was found that no crystal defect was newly introduced in the

Si layer and hence the Si layer had excellent crystalline

structure.
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Example 57

.A P-type (100) single-crystals (monocrystal)
Si substrate of a thickness of 200 yu was anodized in
50 % HF solution. The current density then was 100
mA/cmZ. The porous structure formation rate then was
about 8.4 um/min., and the P-type (100) Si substrate
of a thickness of 200 pu was rendered porous”in its
entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,
an Si epitaxial layer of 0.5 p was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1 x 10”2 Torr
growth rate: 0.1 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.
A substrate of fuséd silica glasé processed with
optical polishing was bonded onto the thermally oxidized
membrane (i.e., f£ilm), and both of the'sﬁbsfrates were
strongly bonded together by heating aﬁ 800 °C for 0.5
hour in oxygen atmosphere.

According to low pressure CVD, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two

substrates. Thereafter, only the nitride membrane

(film) on the porous substrate was removed by reactive

ion etching.
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Then, the bonded substrates were selectively

etched with 49 % hydrofluoric acid. In 78 minutes,
only the single—-crystal Si layer remained without
etching, while the porous Si substrate was
selectively etched with the simgle-crystal Si as a
material for etching stopper and then completely
removed.

| .The etching rate of the non-porous Si single-
crystal (monocrystal) with the etching solution was
extremely low, such as 50 angstroms or less even 78
minutes 1ater,.so that the selective ratio of the
etching rate of the porous layer to that of the non-
porous Si single-crystal was as large as lO5 or more.
The etched amount in the non-porous layer (several
tens angstroms) is a practically negligible decrease
in membrane thickness. That is, the Si substrate of
a thickness of 200 u, rendered porous, was removed,
and after the removal of the éi3N4 layer, a single-
crystal Si layer of a thickness of 0.5 ym was formed
on the substrate of the silica glass.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defec£ was introduced
in the Si.layer and that excellent crystallinity was
maintained. |

Example 58

A P-type (100) single~crystal Si substrate of
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a thickness of 200 y was anodized in 50 % HF solution.
The currént density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-~type (100) Si.substrate of a thickness of

200 u was rendered porous in its entirety for 24
minutes. According to plasma CVD method, an Si
.epitaxial layer of 5 p was grown at a lower temperature

on the P-type (100) porous Si substrate. The conditions

for deposition are as follows;

gas: SiH4
high-frequency power: 100 W
temperature 800 °C
pressure: 1 x 1072 Torr
grthh rate: 2.5 nm/sec;

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having being processed with
optical polishing and having a softening point
around 500 °C, was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 450 °C for 0.5 hour in
oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on the
porous substrate was removed by.feactive ion etching.

Then, the bonded substrates were selectively
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etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching, while the porous Si substrate was selectively
etched with the single-crystal Si as a material for |
etching stopper and then completely removed.

The etching rate of the non~porous Si single-—
crystal with the etching solution was extremely low,
such as 50 angstfoms or less even 78 minutes later,
so that the selective ratio of the ethcing rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 10° or more. The etched
amount in the non-porous layer (several tens angstroms)-
is a practically negligible decrease in membrane
thickness. That ié, the Si substrate of a thickness
of 200 p, rendered porous,-was removed, and after
the removal of the Sl3N4 layer, a single-crystal Si
layer of a thickness of 5 um was formed on the glass
substrate of a lower softening point.

Example 59

A P-type (100) single-crystal Si substrate of
a thickness of.200 U was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and thelP-type (100) Si substrate of a thickness of
200 1 was rendered porous in its-entirety for 24
minutes. Accordiﬁg to thermal CVD method, an Si

epitaxial layer of 5 u was grown at a lower temperature
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on the P-type (100) porous Si substrate. The

conditions for deposition are as follows;

gas: SiH, (0.6 1/min), H, (100 1/min)
temperature: 850 °C

pressure: 50 Torr

growth rate: 0.1 um/min.

Subsequently, the surface of the epitaxial layer
was thermally oxidized in a depth of 50 nm. A glass
substrate, having being processed with optical
polishing and having a softening point around 500 °C,
was bonded onto the thermally oxidizea membrane, and
both of the substrates were strongly bonded together
by heating at 450 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion etching.

Then, the bonded substrates.wefé seléctively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained'without-
etching, while the poroué Si substrate was selectively
etched with the single-crystal Si as a material for
etching stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,

so that the selective ratio of the etching rate of
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the porous layer to that of the non-porous Si single-
crystal was as larée as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal. Si layer
of a thickness of 5 ym was formed on the glass substrate
of a lower softehing point.

A similar effect could be obtained by using
Apiezon wax or electron wax, instead of Si3N4, so that
only the Si substrate rendered porous could be removed
completely.

Example 60

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 ym/min. ,
and the P—typé (100) Si substrate of a thickness of
200 y was rendered porous in its entirety for 24
minutes. According to bias sputter method, an Si
epitaxial layer of 1.0 n was grown at a lower

temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

RF frequency: 100 MHz
high-frequency power: 600 W B
temperature: 300 °C This Sheet Has Been Repl
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Ar gas pressure: 8 x 1073 Torr
growth time: 120 minutes
target direct current bias: -200 V

substrate direct current bias: +5 V.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having being processed with optical
polishing and haviﬁg a softening point around 500 °C,
was bonded onto the thermally oxidized membrane, and
both of the substrate were strongly bonded together by
heating at 450 °C for 0.5 hour in oxygen atmosphere.

According to plasmé"CVD'method, SJ.3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion
etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluéric acid. In 78 minutes,
only the single—crystal Si layer remained without
etching, while the porous Si substrate was selectively
etched with the single-crystal Si as a material for
etching stopper and then completely removed.

The étching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minuies later,
so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si - —._
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single-crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of thickness
of 200 u, rendered porous, wés removed, and afte£
the removal of the 813N4 layer, a single-crystal Si
layer of a thickness of 1.0 um was formed on the
glass substrate of a lower melting point.

A similar effect could be obtained by using
Apiezon Wax or electron wax, instead of Si3N4, so that

only the Si substrate rendered porous could be removed

"completely.

Example 61

A N-type (100 single-crystal Si substrate of
a thlckness of 200 ¢ was anodized in 50 % HF
solution. The current density then was 100 mA/cmz.
The porous structure formation rate then was about
8.4 ym/min., and the N*type (L00) Si substrate of a
thickness_of 200 u was rendered porous in its
entirety for 24 minutes. According to liquid phase
growth method, an Si epitaxial layer of 10 u was grown

at a lower temperature on the N-type (100) porous Si

substrate. The conditions for deposition are as

follows;

solvent: Sn, Solute: | Si
Qrowth temperature: 900 °C

growth atmosphere: H, [
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Subsequently, the surface of the epitaxial

growth time: 20 minutes.

layer was thermally oxidized in a depth of 50 nm.

A glass substrate, having beihg processed with
optical pélishing and having a softening point
around 800 °C, was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 750 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was depositéd to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride
membrane on the porous substrate was removed by
reactive ion etching.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
only the single-crystal Si layer remained without
etching in 78 minutes, while the porous Si substrate .
was selectively etched with the single-crystal Si as
a material for etching stdpper and then completely
removed. |

The etching rate of the non-porous Si-single
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective :atio of fhe etching rate of the
porous layer to that of the non-porous Si single-

crystal was as large as 105 or more. The etched
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amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate, rendered pdrous,
of a thickness of 200 u was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 10 um was formed on the glass
substrate of a lower softening point.

A similar effect could be obtained by usiﬁg
Apiezon wax or electron wax, instead of Si3N4, so that
only the Si substrate rendered porous coﬁld be
removed completely.

Example 62

According to CVD method, an Si epitaxial layer
of 0.5 y was grown at a lower temperature on a P-type
(100) Si substrate of a thickness of 200 p. The

conditions for deposition are as follows;

reactive gas flow rate: SiH2Cl2 1000 SCCM
| H2 230 1/min.
temperature: 1080 °C
pressure: 80 Torx
time: 1 minute.

The present substrate was anodized in 50 % HF
solution. The current density then.was 100 mA/cmZ.
The pérous structure formatioﬁ rate then'was about
8;4 um/min., and the-P—tYpe (L00) Si substrate of a

thickness of 200 p was rendered porous in its entirety

for 24 minutes. As has been described above, the

eet Has Been Replaced

T




10

15

20

25

135

present anodization rendered only the P-type (100) Si
substrate porous, but no change was observed in the Si
epitaxial layer.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 hm. A
substrate of fused silica glass, processed with optical
polishing, was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxfgen atmosphere.

According to low pressure CVD method, S:L3N4
was deposited to 0.1 um, thereby coating the bonded

two substrates. Thereafter, only the nitride

. membrane on the porous substrate was removed by

reactive ion etching._

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid. In 78 minutes,
6nly the single-crystal Si layer.remained without -
etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution.was extremely low,
such as 50-angstfoms or less even 78 minutes later,
so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si
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single-crystal was as large as 105 or more. -The
etchea amoﬁnt in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate of a
thickness of 200 pu, rendered porous, was removed,
and after the removal of the Si3N4 layer, a single-
crystal Si layer of a thickness of 0.5 um was formed
on the glass substrate.

A similar effect could be obtained by using
Apiezon wax or electron wax, instead of Si3N4, so that
only the Si substrate rendered porous could be
removed completely.

As a result of observation of the section
under a transmission-type eleétron microscope, it
was confirmed that no new crystal defect was
introduced in the Si layer and that excellent
crystallinity was maintained.

Example 63

A N-type Si layer 1 u was formed on the
surface of a P-type (100) Si substrate of a
thickness of 200 u, by ion implantation of proton.

15 ions/cmz-

The impianted amount of HY was 5 x 10
The substrate was anodized in 50 % HF solution.

The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,

and the P-type (100) Si substrate of a thickness of

200 p was rendered porous in its entirety for 24
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minutes. According to the present anodization as has
been described above, only the P-type (100) Si
subétrate was rendered porous, but no change was
observed in the N-type Si layer. Subsequently, the
surface of the N—type single~crystal layer was
thermally oxidized in a depth of 50 nm. A substrate
of fused silica glass processed with optical
polishing was bonded onto the thermally oxidized
nmembrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, Si3N4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride
membrane on the,porous substrate was removed by
reactive ion etching. Then, the bonded substrates
were selectively etched with 49 % hydrofluoriq acid.
In 78 minutes, only.the single~crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for étching stopper and then
completely removed.

The etching rate of the non-porous Si single-

crystal with the etching solution was extremely low,

such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of

the porous 1ayér to that of the non-porous Si
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single-crystal was as large as 105 or more. The etched
amount in non-porous layver (several tens angstfoms) is
a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness

of 200 yu, renderéd porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 1.0 um was formed on the glass
substrate.

A similar effect could be obtained by using
Apiezon wax or electron wax, instead of Si3N4, SO
that only the Si substrate rendered porous could be
removed completely.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Example 64 .

A P-type (100) single-crystal Si substrate of
a. thickness of 200 y was anodized in 50 % HF solution.

The conditions for deposition are as follows;

applied voltage: 2.6V

current density: 30 mA-cm 2

solution for anodization: HF:HZO:CZHSOH = l;l:l
time: | 1.6 hours

thickness of porous Si: 200 um

porosity: 56 %. -
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1 According to MBE method, an Si epitaxial layer
of 0.5 u was grown at a lower temperature on the P-
type (100) porous Si substrate. The conditions for
deposition are as follows; |

5 temperature: 700 °C

pressure: 1x 102
growth rate: 0.1 nm/sec.

Subsequently, an oxidized layer of 1000

angstroms was formed on the surface of the epitaxial

10 layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms,
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

15 ' Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si

layer remained without etching, while the porous Si

substrate was selectively etched with the single-
20 crystal Si as a material for etching stopper and then
completely removed.

The étching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,

25 so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si éingle—

crystal was as large as 105 or more. The etched
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amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 p, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 uym was formed on the sioz. As

a result of observation of the section under a
transmission-type electron microscope, it was confirmed
that no new'crystal defect was introduced in the Si
layer and that excellent crystallinity was maintained.

Example 65

A P-type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in HF solution.

The conditions for anodization are as follows;

applied voltage: 2.6V

current density: 30 mA-cm” 2

solution for anodization: HF:H,0:C,HOH = l:1:1
time: . ' 1.6 hours

thickness of porous Si: 200 pm

porosity: ' 56 %.

According to plasma CVD method; and Si
epitaxial layer of 0.5 u was grown at a lower
temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

gas: SJ‘.H4
high~frequency power: 100 w
temperature: 800 °C
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pressure: 1 x 1072 Torr
growth rate: 2.5 nm/sec.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surfacé of the epitaxial
layer, and another Si substrate on the surface of
which was formed as oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of
the Si substrates were'strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
subsﬁrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed. |

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely lo&,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as lérge as 10° or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate of a
thickness of 200 u, rendered porous, was removed,

and a single-crystal Si layer of a thickness of 0.5 um
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Example 66

A P-type (100) single-crystal Si substrate of

a thickness of 200 y was anodized in HF solution.

The conditions for
applied voltage:
current density:
solution for anodization:
time: |
thickness of porous Si:
porosity:

According to bias

anodization are as follows;

2.6V

30 mA-cm ™2
HF:HZO:CZHSOH = l:1:1
1.6 hours

200 um

56 %.

sputter method, an Si

epitaxial layer of 0.5 u was grown at a lower

temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

RF frequency:
high-frequency power:
teméerature:

Ar gas pressure:
growth time:

target direct current bias:

substrate direct current bias:

100 MHz o

600 W This Sheet Has Been Replaced
ooce (I

8 x 1073 Torr

60 minutes
-200 V

+5 V.

Subsequently, an oxidized layer of 1000

angstroms was formed on the surface of the epitaxial

layer, and another Si substrate on the surface of

which was formed an oxidized layer of 5000 angstroms

was bonded to the oxidigzed

surface. By heating in
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oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively.
etched with 49 % hydrofluoric acis while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed. The etching rate of the non-
porous Si single-crystal with the etching solution
was extremely low, such as 50 angstroms or less
even 78 minutes later, so that the selective ratio
of the etching rate of the porous layer to that of
the non-porous Si single-crystal was as large as 105
or-mére. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si
substrate of a thickness of 200 u, rendered porous,
was removed, and a single-crystal Si layer of a
thickness of 0.5 um was formed on the SiO,.

Example 67

A N-type (100) single-crystal Si substrate
of a thickness of 200 u was anodized in HF solution.
The conditions for anodization are as follows;
applied voltage: - 2.6 V
-2

current density: 30 mA.cm

solution for anodization: HF:HZO:CZHSOH = J:1:1
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time: 1.6 hours
thickness of porous Si: 200 uﬁ
porosity: 56 %.

According to liquid phase growth method, an
Si epitaxial layer of 5 u was grown at a lower
temperature on the N-type (100) porous Si substrate.

The conditions for growth are as follows;

solvent: ' Sn, Solute: Si
growth temperature: 900 °C

growth atmosphere: H2

growth period: 10 minutes

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere atl800 °Cc for 0.5 hour, both of the
Si substrates were strongly bonded together. -

Then, the bonded substrates were selectively

etched with 49 % hydrofluoric acid while under stirring.

Only the single-crystal Si layer remained without

etching in 78 minutes, while the porous Si substrate

was selectively etched with the single-crystal Si

as a material for etching stopper and then completely

removed.
The etching rate of the non-porous Si single-

crystal with the etching solution was extremely low,
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such as 50 angstroms or less even 78 minutes layer, so
that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-~
crystal was as large as 10° or more. The etched
amount in the.non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrahe thickness. That is, the Si substrate of a
thickness of 200 u, rendered porous, was removed, and
a single-crystal Si layer of a thickness of 0.5 um was
formed on the Sioz. |

Example 68

A P-type (100) single-crystal Si substrate of
a thickness of 200 y was anodized in HF solution.

The conditions for anodization are as follows:

applied voltage: 2.6 V

current density: 30 ml\.-cmm2

solution for anodization: HF :H,0:C,H-OH = 1:1:1

time: 1.6 hours
thickness of porous Si: 200 ym
porosity: 56 %.

According to low pressure CVD method, én Si
epitaxial layer of 1.0 1 was grown at a lower temperature
on the P-type (100) porous Si substrate. The
conditions for deposition are as follows;
source gas: SiH4

carrier gas: H,

temperature: 850 °C
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pressure: ' 1 x 10”2 Torr
growth rate: 3.3 nm/sec.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si substrate on the éurface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together. -

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching in 78 mingtes, while
the porous Si substrate was selectively etched with
the single-crystal Si as a material for etching
stopper and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several_ten;
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate,
rendered porous, of a thickness of 200 p was removed,

and a single-crystal Si layer of a thickness of 1.0 um
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was formed on the Sioz. When Sincl2 was used as a
source gas, it was required to raise the growth
temperature by several tens of degrees. Nevertheless,
the accelerating etching characterisfics to porous

substrates was maintained.

Example 69

According to low pressure CVD method, an Si
epitaxial layer of 1 y was grown at a lower temperature
on a P-type (100) porous Si substrate. The conditions
for deposition are as follows;

reactive gas flow rate: SiH,Cl

5Cl, 1000 sCCM
H, = 230 1/min
temperature: 1080 °C
pressure: 80 Torr
time: ' 2 min.

The substrate was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and
the P~type (100} Si substrate of a thickness of 200 u
was rendered porous in its entirety for 24 minutes.
According to the present anodization, as has been
described above, only the P-type (100) Si substrate
was rendered porous, but no change was observed in the
Si epita%ial layer.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial

layer, and another Si substrate on the surface of
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which was formed an oxidized layer of 5000 angstroms

was bonded to the oxidized surface. By heating in

oxygen atmosphere at 800 °C for 0.5 hour, both of the

Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed. |

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 78 minutes later, so
that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non—pbrous layer (several tens angstroms)

is a practically negligible decrease in membrane

. thickness. That is, the Si substrate of a thickness

of 200 n, rendered porous, was removed, and a single-
crystal Si layer of a thickness of 1.0 um was formed

on the SiOz.
As a result of observation of the sectidn under
a transmission~type electron microscope, it was

confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.
This Sheet Has Been Replaced
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Example 70

According to atmospheric pressure CVD method,
an Si epitaxial layer of 5 U was grown at a lower
temperature on a P-type (100) Si substrate. The
conditions for deposition are as follows;

1000 ScCM

reactive gas flow rate: SiH2012
H2 230 1/min
temperature: 1080 °C
pressure: 760 Torr
time: 1 min.

The Si substrate was anodized in HF solution.

The conditions for anodigzation are as follows;

applied voltage: 2.6 V

current density: 30 mA-cm™2

solution for anodization: HF:H,O: C,H OH = 1:1:1
time: 1.6 hours

thickness of porous Si: 200 um

porosity:. 56 %fﬁy

Accordihg to the present anodization as has
been described above, only the P-type (100) Si
substrate was rendered porous, but no change was
observed in the. Si epitaxial layer.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the epitaxial
layer, and another Si subétrate on the surface of
which was formed an oxidized layer of 5000. angstroms

was bonded to the oxidized surface. By heatlng in
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oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrates were strongly bonded together.

Then, the bonded substrates were selectively
etched with 49 % hydrofluoric acid while under
stirring. In 78 minutes, only the single-crystal Si
layer remained without etching, while the porous éi
substrate was selectively etched with the single-~
crystal Si as a material for etching stopper and then
completely removed. )

The etching rate of the non-porous Si single-—
crystal with the etching solution was extremely low,
such as Sb angstroms or less even 78 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in
membrane thickness. That is, the Si substrate,
rendered porous, of a thickness of 200 p was reﬁoved,
and a single—cryétal Si layer of a thickness of 5 um
was formed on the Sioz. As a resﬁlt of observation
of the section under a transﬁission-type electron
microscope, it was confirmed that no new crystal
defect was introduced in the Si laver and that
excellent crystallinity was maintained.

Example 71

——eeeeeeeeee .~ A N—-type Si layer of 1 u was formed on the
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surface of a P-type (100) Si substrate of a thickness
of 200 py, by ion implantation of proton. The implanted

15 ions/cmz. The substrate was

amount of H' was 5 x 10
anodized in 50 % HF.solution. The current density
then was 100 mA/cmz. - The porous structure formation
rate then was.8.4 um/min., and the P-type (100) Si
substrate of a thickness of 200 p was rendered porous
in its entirety for 24 minutes. According to the
present anodization as has been described above, only
the P-type (1005 Si substrate was rendered porous,
but no change was observed in the N-type Si layer.

Subsequently, an oxidized layer of 1000
angstroms was formed on the surface of the N-type Si
layer, and another Si substrate on the surface of
which was formed an oxidized layer of 5000 angstroms
was bonded to the oxidized surface. By heating in
oxygen atmosphere at 800 °C for 0.5 hour, both of the
Si substrateé were strongly bonded together.

Then, the boﬁded substrates were selectively
etched with 49 % hydrofluoric acid with stirring.
In 78 minutes, only the single-crystal Si layer .
remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stoppef and then
completely removed. . .

The etching rate of the non-porous Si single-

crystal w1th the etchlng solutlon was extremely low,

This Sheet Has Been Replaced

R I




10

15

20

25

152

such as 50 angstroms or less even 78 minutes later,

so that the selective ratio of the etching rate of

the porous layer to that of the non-porous Si single-
crystal was as large as 10s or more. The etched
amount in the non-porous layér (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate, rendered porous,
of a thickness of 200 u was removed, and a single-

crystal Si layer of a thickness of 1.0 um was formed

on 5102.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Example 72

A P-type (100) single~crystal Si substrate of
a thickness of.200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 y was rendered porous in its entirety for 24
minutes. |

According to MBE (monocular beam epitaxy)
method, an Si epitaxial layer was grown at a lower

temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;
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temperature: _ 700 °C
pressure: - 1 x 1072 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica glass
processed with optical polishing was bonded onto the
the surface of the epitaxial layer, and both of the
substrates were-strongly bonded together by heating
at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Sl3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereaftef, only the nitride membrane on
the porous substrate was removed by reactive ion
etching. Then, the bondéd substrates were selectively
etching with a mixed solution of 49 % hydrofluoric
acid and alcohol (10:1), without stirring. In 82
minutes, only the single-crystal Si layer remained
without etching, while the porous Si substrate was
selectively etched with the single;crystal Si as a
material for etching stopper, and completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely .
low, such as 50 angstroms or less even 82 minutes
later, so that the selective ratio of the etching
rate of the porous layer to that of the non-porous Si
Single—crystal was as large as 105 or more. The

etched amount in the non-porous layer (several tens

angstroms) is a practically negligible decrease in
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1 membrane thickness. That is, the Si substrate of a
thickness of 200 u, rendered porous, was rémoved,
and after the removal of the SizN, layer, a single-
crystal Si layer of a thickness of 0.5 um was formed

E on the substrate of the glass.

As a result of observation of the section under

a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excelleht crystallinity was

10 maintained.

Examples 73 to 86

The same procedure as in Examples 42 to 55 was
effected, replacing the etching solution used in
Examples 42 to 55 with that in Example 72. In any

15 of the present Examples, consequently, a single-
crystal Si layer was formed with extremely less
crystal defect on insulating materials.

Example 87

A N-type Si layer of 1 y was formed on the
20 surface of a P-type (100) Si substrate of a thickness

of 200 u, by ion implantation of proton. The implanted

15 2

amount of H+ was 5 x 10 ions/cm”.

The substrate was anodized in 50 % HF

solution. The current density then was 100 mA/cmz.

25 The porous structure formation rate then was 8.4um/min.,
and the P-type (100) Si substrate of a thickness of

200 u was rendered porous in its entirety for 24
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has been described above, only the P-type (100) Si
substrate was rendered porous, but no change was
observed in the N-type Si layer. |

‘Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of 5000
angstroms, was bonded to the surface of the N-type
Si layer. By heating in oxygen atmosphere at 800 °C
for 0.5 hour, both of the Si substrates were strongly
bonded together,

Then, the bonded substrates were selecti%ely
etched with a mixed solution of 49 % hydrofluoric
acid and alcohol (10:1) without stirring. 1In 82
minutes, only the single-crystal Si layer remained
without etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 82 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens
angstroms) is a practically negligible decrease in

membrane thickness. That is, the Si substrate of

B DY
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a thickness of 200 yu, rendered porous, was removed,
and a single-crystal Si layer of a thickness of 1.0 um
was formed on the SiO2 layer.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

- maintained.

Examples 88 to 102

The same procedure as in Examples 57 to 71 was
effected, replacing the etching solution in Examples
57 to 71 with that in Example 72. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insglating materials.

Example 103

A P-type (100) single-crystal Si substrate of
a thickness of 200 y was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation réte then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 u was rendered porous in its entirety for 24
minutes.

Accoxrding to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 u was grown at a
lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

This Sheet Has Been Replaced

(R



157

This Sheet Has Been Replaced

b oo (A0
temperature: 700 °C
pressure: : 1 x 10”2 Torr
growth rate: 0.1 nn/sec.

5 Subéequently, a substrate of fused silica

glass processed with optical polishing was bonded onto

the surface of the epitaxial layer, and both of the

substrates were strongly bonded together by heating
-~ at 800 °C for 0.5 hour in oxygen atmosphere.

- 10 According to plasma CVD method, Si3N4 was
deposited at 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching. Then, the bonded substrateé were selectively

15 etched with a mixed solution of 49 % hydrofluoric
acid and aqueous hydrogen peroxide solution (1l:5),

while under stirring. In 62 minutes, only the single-

crystal Si layer remained without etching, while the

porous Si substrate was selectively etched with the
20 single-crystal Si as a material for etching stopper
and completely remo#ed.

. The etching rate of the non-porous Si single-
crYstal with the etching solution was extremely low,
such as 50 angstroms or less even 62 minutes later,

25 so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single-

crystal was as large as 105 or more. The etched
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amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the Si3N4 layer, é single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate of
the glass. |

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Examples 104 to 118

The same procedure as in Examples 42 to 56
was effected, replacing the etching solution in
Examples 42 to 56 with that in Example 103. In any
of the present Examples, consequently, a single-crystal

Si layer ﬁas formed with extremely less crystal defect

on insulating materials.

Example 119

A P~type (100) single-crystal Si substrate of
a thickness of 200 p was anodized in 50 % HF solution.
The current density then was 100 mA/cmZ. The porous

structure formation rate then was about 8.4 um/min.,

~and the P-type (L00) Si substrate of a thickness of

200 u was rendered porous in its entirety for 24

minutes.

This Sheet Has Been Replaced

BT




10

15

20

25

159

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 y was grown at a
lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 °C
pressure: 1 x 1072 Torr
gfowth rate: 0.1 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm. A
substrate of fused silica glass processed with optical
polishing was bonded onto the thermally oxidized
membrane; and both of the substrates wefe strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere,

According to low pressure CVD method, Si3N4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching.

Then, the bondéd substrates were selecfively
etched with a mixed solution of 49 % hydrofluoric
acid and aqueous hydrogen peroxide solution (1:5).

In 62 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etched with the single-

crystal Si as a material for etching stopper and
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completely removed.

The etchihg rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or less even 62 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate of
the silica glass.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced in

the Si layer and that excellent crystallinity was

nmaintained.

Examples 120 to 133

The same procedure as in Examples 58 to 71 was
effected, replacing the etching solution in Examples
58 to 71 with that in Example 103. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with.extremely less crystal defect on

insulating materials.
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Example 134

A P-type (100) single-crystal Si substrate of
a thickness of 200 W was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and
the P-type (100) Si substrate of a thickness of 200 u
was rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 1 was grown at a
lower temperature on the P—typé?(loo) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 =C
pressure: 1 x 10”2 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bog@ed
onto the surface of the epitaiial layer, and bo££ of
the substrates were strongly bonded together by
heating at 800 °C for 0.5 hour in oxygen atmpsphere.

According to plasma CVD method, SiBN4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were seiectively

etched with a mixed solution of 49 % hydrofluoric acid,

alcohol and aqueous hydrogen peroxide solution
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(10:6:50), without stirring. In 65 minutes, only the

16z N

single-crystal Si layer remained without etching,
while the porous Si substrate was selectively etched
with the single-crystal Si as a material for etching
stopper and completely removed.

The etching rate of the non-porous Si single
crystal with thé etching solution was extremely low,
such as approxim;tely slightly less than 40 angstroms
even 65 minutes later, so that the selective ratio of
the etching rate of the porous layer to that of the
non-porous Si single~crystal was as large as 105 or
more, The etched amount in the non—-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si
substrate of a thickness of 200 1, rendered porous,
was removed, and after the removal of the Si3N4 layer,
a single-crystal Si layer of a thickness of 0.5 um was
formed on the substrate of the silica glass.

As a result of observation of the section
under a transmission-type electron microscope, it was

confirmed that no.new crystal defect was introduced in

"the Si layer and that excellent crystallinity was

maintained.

Examples 135 to 148

The same procedure as in Examples 42 to 55

was effected, replacing the etching solution in Examples

42 to 55 with that in Example 134. In any of the
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present Examples, consequently, a single-crystal Si

layer was formed with extremely less crystal defect

on insulating materials.

Example 149

A N-type Si layer of 1 y was formed on the

surface of a P~-type (100) Si substrate of a- thickness

of 200 i, by ion implantation of proton. The

implanted amount of H was 5 x 1015

ions/cmz.

The substrate was anodized in 50 % HF solution.

2

The current density then was 100 mA/cm“. The porous

structure formation rate then was 8.4 um/min., and the

P-type (100) Si substrate of a thickness of 200 uy was

rendered porous in its entirety for

24 minutes.

According to the present anodization as has been

described above, only the P-type (100) Si substrate

was rendered porous, but no change was observed in

the N-type Si layer.

Subsequently, a second Si substrate on the

surface of which was formed an oxidized layer of

5000 angstroms was bonded to the surface of the N-

type Si layer. By heating in ongen atmosphere at

800 °C for 0.5 hour, both of the substrates were

strongly bonded together.

Then, the bonded substrates were selectively

etched with a mixed solution of 49 % hydrofluoric

acid, alcohol and agueous 30 % hydrogeh peroxide

solution (10:6:50) without stirring.

In 65 mlnutes,
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only the single-crystal Si layer remained without

etching, while the porous Si substrate was selectively
etched with the single-crystal Si as a material for
etching stopper, and then completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 50 angstroms or iess even 65 minutes later, so
that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more, The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, apd a single-
crystal Si layer of a thickness of 1.0 um was formed
on the SiO2 layer.

As a result of qbservation of the section
under a transmission—type electron microscope, it was
confirmed that no new crystal defec£ was introduced

in the Si layer and that excellent crystallinity was

maintained.

Examples 150 to 164

The same procedure as in Examples 57 to 71 was
effected, replacing the etching solution in Examples
57 to 71 with that in Example 134. In any of the
present Examples, consequently, a single-crystal Si

layér was formed with extremely less crystal defect
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on insulating materials.

Example 165

A P-type (100) single-crystal Si substrate of a

thickness of 200 u was anodized in 50 % HF solution.

The current density then was 100 mA/cmZ, The porous

structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 u was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,
an Si epitaxial layer of 0.5 u was grown at a lower
temperature on the P-type (106) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1 x 1072 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto
the surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating
at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
deposited to 0.1 pm, thereby coating the bonded two
substrates. ' Thereafter, only the nitride membrane on
the porous substrate was removed.bf reactive ion etching.
Then, the bonded substrates wére selectively etched,

under stirring, with buffered hydrofluoric acid. In

258 minutes, only the single-crystal Si layer remained
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without etching, while the porous Si substrate was
selectively etched with the single-crystal Si'as a
mgterial for etching stopper and then completely
removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 100 angstroms or less even 258 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically negligible decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 u, rendered porous, was removed, and after the
removal of the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 um was formed on the substrate of
the glass.

As a result of observation of the section
under a transmission-type electron microscope, it was
confirmed that'no new crystal defect was introduced in
the Si layer and that excellent crystallinity was
maintained.

Examples 166 to 180

The same procedure as in Examples 42 to 56
was effected, replacing the etching solution in
Examples 42 to 56 with that in Example 165. In any

of the present Examples, consequently, a single-crystal
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Si layer was formed with extremely less crystal

167

defect on insulating materials.

Example 181

A P-type (100) single-crystal Si substrate of
a thickness of 200 yu was anodized in 59 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 u was rendered. porous in its entirety for 24
minutes.

According to MBE (moclecular beam epitsxy)
method, an Si epitaxial layer of 0.5 u was grown at a
lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

follows;

temperature: _ 700 °C
pressure: - 1x10° Torr
growth rate: . 0.1 nm/sec.

Subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm.
A substrate of fused silica glass processed with
optical polishing was bonded onto the thermally
oxidized membrane, and both of the substrates were
strongly bonded together by heating at 800 °C for 0.5
hour in oxygen atmosphere.

According to low pressure CVD method, Si,N, was

374
deposited to 0.1 um, thereby coating thé bonded two
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1 substrates. Thereafter, only the nitride membrane on
the porous subsﬁrate was removed by reactive ion etching.
Then, the bonded substrates were immersed in
buffered hydrofluoric acid, and stirred.. In 258
5 minutes, only the single-crystal Si layer remained
without etching, while the'porous Si substrates was
éelectively etched with the single-crystal Si as a
material for etching stopper and then completely removed.
The etching rate of the non-porous Si single-
10 crystal with the etching solution was extremely low,
such as 100 angstroms or less even 258 minutes later,
so that the selective ratio of the etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more, The etched amount
15 in the non-porous layer (several tens angstroms) is a
practically negligible decrease in membrane thickness.
That is, the Si substrate of a thickness of 200 yu,
rendered porous, was removed, and after the removal of
the 813N4 layer, a single-crystal Si layer of a
20 thickness of 0.5 uym on the substrate of the silica
glass was formed.
As a result of observation of the section under
a transmission—type electron microscope, it was
confirmed that no new crystal defect was introduced
25 in the Si layer and that excellent crystallinity was

maintained.
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Examples 182 to 195

The same procedure as in Examples 58 to 71 was
effected, replacing the etching solution in Examples
58 to 71 with that in Example 165. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extrémely less crystal defect
on insulating materials.

Example 196

A P-type (100) single-crystal Si substrate of a
thickness of 200 u was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 p was
rendered porous in its entirety for 24 minutes.

According to MBE (molecular beam epitaxy) method,

.an Si epitaxial layer of 0.5 u was grown at a lower

temperature on the P-type (100) porous Si substrate.

The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1 x 107 Torr
grthh rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica glass
processed with optical polishing was bonded onto the
surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating at
800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, Si3N4 was
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deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid and aicohol (10:1) without stirring. In 275
minutes, only the single-crystal Si layer remained
withouf etching, while the porous Si substrate was
selectively etched with the single-crystal Si as a
material for etching étopper and completely removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremely low,
such as 100 angstroms or less even 275 minutes later,
so that the selective ratio of thé etching rate of the
porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched
amount in the non-porous layer (several tens angstroms)
is a practically ﬁegligible.decrease in membrane
thickness. That is, the Si substrate of a thickness
of 200 y, rendered porous, was removed, and after the
removal éf the Si3N4 layer, a single-crystal Si layer
of a thickness of 0.5 pm was formed on the substrate
of the glass.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced

in the Si layer and that excellent crystallinity was

maintained.
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Examples 197 to 210

The same procedure as in Ekamples 42 to 55 was
effected;-replacing the etching solution in Examples
42 to 55 with that in Example 196. In any of the
present Examples, conseqﬁently, a single-crystal Si
layer'was formed with extremely less crystal defect on
insulating materials.

Example 211

A N-type Si layer of thickness of 1 u was
formed on the surface of a P~type Si layer of 200 u
in thickness, by ion implantation of proton. The

implanted amount of H+ was 5 x 1015

ions/cmz.

The substrate was anodized in 50 % HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and
the N-type (100) Si substrate of a thickness of 200 u
was rendered porous in its entirety for 24 minutes.
According to £he present anodization as has been
described above, only the P-type (100) Si substrate
was rendered porous, but no change was observed in
the N-type Si layer.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized 1a§er of
5000 angstroms was bonded to the surface of the N-type
Si layer. By heating in oxygen atmosphere at 800 °C
for 0.5 hour, both of the substrates were strongly

bonded to get her. S
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Then, the bonded substrates were selectively
etched with a mixed solution of buffered hydrofluoric
acid (HF:4.46 %, NH4F:36.2 %) and ethyl alcohol
(10:1), without stirfing. In 275 minutes, only the
single-crystal Si layer remained without etching,
while the porous. Si substrate was selectively etched
with the single-crystal Si as a material for etching
stopper and then completely removed.

The etching rate of ﬁhe ﬁon~porous Si single-~
crystal with the etching solution was extremely low,
such as approximately slightly less than 40 angstroms
even 275 minutes later, so that the selectiwve ratio of
the etching rate of the_porous layer to that of the
non-porous Si single-crystal was as large as 105 or
more. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible
decrease in membrane thickness. That is, the Si
subétrate of a thickness of.éOO M, rendered’porous,'
was removed, and a single-crystal Si layer of a
thickness of 1.0 um was formed on the §i0, layer.

As a result of observation of the section
under a transmission—-type electron microscope, it was
confirmed that no new crystal defect was ihtroduced

in the Si layer and that excellent crystallinity was

maintained.
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Examples 212 to 226

The same procedure as in Examples 57 to 71
was effected, replacing,the.etching solution in.
Examples 57 to 71 with that in Example 196. In any of
the present Examples, consequently, a single-crystal
Si layer was formed with extremely less crystal
defect on insulating materials.

Example 227

A P-type (100) single—crystal Si substrate of
a thickness of 200 u was anodized in 50% HF solution.
The current density then was 100 mA/cmz. The porous
structure formation rate then was 8.4 um/min., and the
P-type (100) Si substrate of a thickness of 200 u was
rendered porous in‘its enﬁirety for 24 minutes.

According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 u was grown at a
lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as

follows;

temperature: 700 °C
pressure: 1 x 1072 Torr
growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto

the surface of the epitaxial layer, and both of the

- substrates were strongly bonded together by heating at

800 °C for 0.5 hour in oxygen atmosphere.
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1 According to plasma CVD method, SJ.3N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane on
the porous substrate was removed by reactive ion

5 etching. Then) the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid and aqueous hydrogen peroxide solution (1:5) Qith

stirring. In 190 minutes, only the single-crystal Si

layer remained without etching, while the porous Si

10 sﬁbstrate was selectively etched with the single-
crystal Si as a material for etching stopper, and
completely removed.

The etching rate of the non-porous Si siﬁgle-
crystal with the etching solution was extremely low,
15 such as 50 angstroms or less even 190 minutes later,

so that the selective ratio of the etching rate of
the porous layer to that of the non-porous Si single- -

crystal was as laxge as 105 Oor more. Thefetched amount

ey

in the non-porous layer (several tens angstroms) is

20 a practically negligible decrease in membrane thickness.

 :?peE i$, the Si substrate of a thickness of éob,u;
o rendered porous, was removed, and after the removal

.of the.SJ.3N4 layer, a single—crystal'si layer of a 
:ﬁfthlckness of 0.5 um was formed on the substrate-of the

zsifisilica glass.

As a result of observation of the section under

a transmission-type electron microscope, it was confirmed
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that no new crystal defect was introduced in the Si

layer and that excellent crystallinity was maintained.

Examples 228 to 242

The same brocedure as in Examples 42 to 56 was
effected, replacing the etching solution in Examples
42 to 56 with that in Example 227. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulating materials.

Example 243

A P-type (100) single~crystal Si substrate
of a thickness of 200 u was anodized in 50% HF solution.
The current density then was 100 mA/cmZ. The porous
structure formation rate then was about 8.4 um/min.,
and the P-type (100) Si substrate of a thickness of
200 u was rendered porous in its entirety for 24
minutes.

According'to MBE (molecular.béam.epitaxy)
method, an Si epitaxial layer of 0.5 p was grown at
a lower temperature on the P-type (100) porous Si

substrate. The conditions for deposition are as follows;

temperature: 700 °C
pressure: 1 x 1072 Torr
growth rate: 0.1 nm/sec.

subsequently, the surface of the epitaxial
layer was thermally oxidized in a depth of 50 nm. A

substrate of fused silica glass processed with optical
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polishing was bonded onto the thermally oxidized
membrane, and both of the substrates were strongly
bonded together by heating at 800 °C for 0.5 hour in
oxygen atmosphere.

According to low pressure CVD method, 513 4
was deposited to 0.1 um, thereby coating the bonded
two substrates. Thereafter, only the nitride membrane
on.the porous substrate was removed by reactive ion
etching.

Then, the bonded substrates were immersed in
a mixed solution of buffered hydrofluoric acid and
aqueous hydrogen peroxide solution (1:5), and stirred.
In 190 minutes, only the single-crystal Si layer
remained without etching, while the porous Si
substrate was selectively etcheéd with the single-
crystal Si as a material for etching stopper and then
completely removed.

The etching rate Qf.the non-porous Si single-
crystal with the etching solution was extremely low,
such as 70 angstroms or less even 190 minutes later,
so that the selective ratio of the etching rate’ of
the porous layer to that of the non-porous Si single-
crystal was as large as 105 or more. The etched amount
in the non-porous layer (several tens engstrems) is a
practically negligible decrease in membrane ﬁhicknese.

That is, the Si substrate of a thickness of 200 yu,

rendered porous, was removed, and after the removal of
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the Sl3N4 layer, a single-crystal Si layer of a
thickness of 0.5 um was formed on the substrate of
the silica glass. |
As a result of observation of the section under
a transmission-type electron microscope, it was confirmed
that no new crystal defect was introduced in the Si
layer and that excellent crystallinity was maintainéd.

Examples 244 to 257

The same procedure as in Examples 58 to 71

was effected, replacing the etching solution in

Examples 58 to 71 with that in Example 243. In any

of the present Examples, consequently, a single-
crystal Si layer was formed with extremely less
crystal defect on insulating materials.

Example 258

A P-type (100) single-crystal Si substrate qf
a thickness of 200 u was anodized in 50 % HF solution.
The éurrent density then.waé 100 mA/cmZ. The porous
structure formation rate then was 8.4'ﬁm/min., and the
P-type (100) Si substrate of a thickness of 200 u was
rendered porous in its entirety for 24 minutes.
According to MBE (molecular beam epitaxy)
method, an Si epitaxial layer of 0.5 y was grown at a
lower temperature=on the P-type (100) porous Si substrate.
The conditions-fo;,deposition'are as followé;

temperature: S 700 °C

=9 porr
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growth rate: 0.1 nm/sec.

Subsequently, a substrate of fused silica
glass processed with optical polishing was bonded onto
the surface of the epitaxial layer, and both of the
substrates were strongly bonded together by heating
at 800 °C for 0.5 hour in oxygen atmosphere.

According to plasma CVD method, 813N4 was
deposited to 0.1 um, thereby coating the bonded two
substrates. Thereafter, only the nitride membrane
on the porous substrate was removed by reactive ion
etching. Then, the bonded substrates were selectively
etched in a mixed solution of buffered hydrofluoric
acid, alcohol and aqueous hydrogen peroxide solution
(10:6:50) without stirring. In 205 minutes, -only
the single-crystal Si layer remained without etching,
while the porous Si substrate was selectively etched
with the single-crystal Si as a material for etching
stopper and then éompletély removed.

The etching rate of the non-porous Si single-
crystal with the etching solution was extremel& low,
such as approximately slightly less than 40 aﬁ§stroms
even 205 minutes later, so that the selective ratio
of the etching rate of the po;ous layer to that of
the non-porous Si single~crystal was as large és 105
or more. The etched amount in the non-porous layer
(several tens angstroms) is a practically negligible

decrease in membrane thickness. That'is, the Si
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substrate Qf a thickness of 200 u, rendered porous} was

374
single-crystal Si layer of a thickness of 0.5 um was

removed, and after the removal of the Si_ N, layer, a

formed on the substrate of the silica glass.
As a result of observation of the section under
a transmission-type electron microscope, it was confirﬁed
that no new crystal defect was introduced in the Si
layer and that excellent crystallinity was maintained.

Examples 259 to 272

The same pfocedure as in Examples 42 to 55
was effected, replacing the etching solution in Examples
42 to 55 with that in Example 258. In any of the
present Examples, consequently, a single-crystal Si
layer was formed with extremely less crystal defect
on insulatiﬁg materials.

Example 273

A N-type Si layer of thickness of 1 u was formed
on the surface of a P-type (100) Si substrate of thickness
of 200 u, by ion implantation of proton. The implanted

15 ions/cmz.

amount of HY was 5 Xx 10
The substrate was anodized in 50 % HF solution.

The current density then was 100 mA/cmz. The porous

structure formation rate then was 8.4 jm/min., and the

P-type (100) Si substrate of a thickness of 200 u

was rendered porous in its entirety for 24 minutes.

According to the present anodization as has been

described above, only the P-type (100) Si substrate
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was rendered porous, but no change was observed in the
N-type Si layer.

Subsequently, a second Si substrate on the
surface of which was formed an oxidized layer of 5000
angstroms was bonded to the surface of the N-type Si
layer. By heating in oxygen atmosphere at 800 °C for
0.5 hdur, both of the substrates were strongly bonded
together.

Then, the bonded substrates were selectively
etched with a mixed solution of buffered hydrofluoric
acid (HF:4.46 %, NH,F:36.2%), ethyl alcohol and 30%
aqueous hydrogen peroxide solution (10:6:50), without
stirring. In 180 minutes, only the single-crystal Si
layer remained without etching, while the porous Si
substrate was selectively etched with the single-
crystal Si as a material for etching stopper and then
completely removed.

- The etching rate of the non-porous Si single-
crystal witﬁ the etching solution was extremely low,
such as approximately slightly less than 40 angstroms
even 180 minutes later, so that the selective ratio of
the etching rate of the porous layer to that of the
non—-porous Si single-crystal was as large as lO5 or
more. The etched amount in the non-porous layer
(several tens angstroms) is. a practically negligible
decrease in membrane thickness. That is, the Si

substrate of a thickness of 200 p, rendered porous, was
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removed, and a single-crystal Si layer of a thickness
of 1.0 ym was formed on the SiO2 layer.

As a result of observation of the section under
a transmission-type electron microscope, it was
confirmed that no new crystal defect was introduced
in the Si layer and that excellent crystallinity was
maintained.

Examples 274 to 288

The same procedure as in Examples 57 to 71
was effected, replacing the etching solution in
Examples 57 to 71 with that in Example 273. In any
of the present Examples, consequently, a single-crystal
Si layer was formed with extremely less crystal defect

on insulating materials.
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WHAT IS CLAIMED IS:

1. A chemical etching solution for porous

comprising hydrofluoric acid as etchant.
2. A chemical etching solution for porous
comprising a mixture of hydrofluoric acid and an

alcohol as etchant.

3. A chemical etching solution for porous

10

Si

Si

Si

comprising a mixture of hydrofluoric acid and hydrogen

peroxide as etchant.

4. A chemical etching solution for porous

Si

comprising a mixture of hydrofluoric acid, an alcohol

and hydrogen peroxide as etchant.

5. A chemical etching solution for porous

comprising buffered hydrofluoric acid as etchant.

6. A chemical etching solution for porous
comprising a mixture of buffered hydrofluoric acid

an alcohol as etchant.

7. A chemical etching solution for porous

comprising a mixture of buffered hydrofluoric acid

Si

Si

and

Si

and
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1 hydrogen peroxide as etchant.

8. A chemical etching solution for porous Si
comprising a mixture of buffered hydrofluoric acid, an

5 alcohol and hydrogen peroxide as etchant..

9. A chemical etching method for porous Si,

which comprises using hydrofluoric acid as etchant.

i0 10. A chemical etching method for porous Si,
which comprises using a mixture of hydrofluoric acid

and an alcohol as étchant.

11. A chemical etching method for porous Si,
15 which comprises using a mixture of hydrofluoric acid

ahd hydrogen peroxide as etchant.

12. A chemical etching method for porous Si,
which comprises using a mixture of hydrofluoric acid,

20 an alcohol and hydrogen peroxide as etchant.

13. A chemical etching method for porous Si,
which comprises using buffered hydrofluoric acid as
etchant.

25

14. A chemical etching method for porous Si,

* [ L M H *
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which comprises using a mixture of buffered

hydrofluoric acid and an alcohol as etchant.

15. A chemical etching method for porous Si,
which comprises using a mixture of buffered

hydrofluoric acid and hydrogen peroxide as etchant.

16. A chemical etching method for porous Si,
which comprises using a mixture of buffered
hydrofluoric acid, an alcohol and hydrogen peroxide as

etchant.

17. A method for preparing é semiconductor
member, which comprises:

forming a substrate having a non-porous
silicon monocrystalline layer and a porous_silicon'
layer;

bonding another substraée having a surface
made of an insulating-material to the surface of said
monocrystalliﬁe layer; and

etching to remove said porous silicon laver by

immersing in hydrofluoric acid.

18. A method for preparing a semiconductor

member, which comprises:

forming a substrate having a non-porous

Y
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silicqn monocrystalline layver and a porous silicon
layer;

bonding another substrate having a surface
made of an insulafing material to the surface of said
monocrystalline layer; and

etching to remove said porous silicon layer by
immersing in a mixture of hydrofluoric acid and-an

alcohol.

19. A method for preparing a semiconductor
member, which comprises:

forming a substrate having a non-porous
s111con monocrystalline 1ayer and a porous silicon
layer;

bonding another substrate having a surface of
an insulating material to the surface of said
monpcrystalline layer; and

. etching fo remove said porous silicon layer by

immersing in a mixture of hydrofluoric acid and

hydrogen peroxide.

20. A method for preparing a semiconductor
member, which comprises:

forming a substrate having a non-porous
silicon monocrystalline layver and a porous silicon

layer;

* c L M S *
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bonding another substrate having a surface
made of aﬁ insulating materiai to the surface of said
monocrystalline layer; and

etching to remove séid porous silicon layer by
immersing in a mixture of hydrofluoric acid, an

alcohol and hydrogen peroxide.

21. A method for prepéring a semiconductor
member, which comprises:

forming a substrate having a non-porous
silicon monocrystalline layer and a porous silicon
laver;

bonding another substrate having a surface
made of an insulating material to the surface of said
monocrystalline layer; and

etching to remove said porous silicon layer by

immersing in buffered hydrofluoric acid.

22. A method for preparing a semiconductor
member, which comprises:.

forming a subst:ate.having 2 non—porous
si}icqn monocrystalline.layer'and a porous silicon
layer;

bonding another substrate having a surface
made of an insulating material to the surface of said

monocrystalline layer; and
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etching to remove said porous silicon layer by
immersing in a mixture of buffered hydrofluoric acid

and an alcohol.

23. A method for preparing a semiconductor
member, which comprises:

forming a substrate having a non-porous
silicon monocrystalline layer and é porous silicoﬁ
layer;

bonding another substrate having a surface
made of an insulating material to the surface of said
monocrystalline layer; and

etching to remove said porous silicon layer by
immersing in a mixture of buffered hydrofluoric acid

and hydrogen peroxide.

24. A method for preparing a semiconductor
member, which comprisés:

forming a substrate having a non-porous
silicon monocrystalline laver and a peorous silicon
layer;

bonding another substrate having a surface
made of an insulating material to the surface of said
monocrystailine layer; and

etching to remove said porous silicon layer by

immersing in a mixture of buffered hydrofluoric acid,
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an alcohol and hvdrogen peroxide.

25. A method for preparing a semiconductor
member, which comprises the steps éf:

making a silicon substrate porous;

forming a non-porous silicon monocrystallihe
layer on said silicon substrate made porous;

bonding a light-transmissive glass substrate
to'the surface of said non-porous silicon
monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remove porous—-silicon by
immefsing said silicon substrate made porous in

hydrofluoric acid.

26. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
la&erlcn the silicon substrate made porous;

bonding another silicon substrate having an
insulating layer on the.surface thereof to the surface
of said non-porous silicon monocrystalline laver; and

selectively etching porous silicon by
chemically etching to remove porous silicon by

immersing said silicon substrate made porous in

Hllllll Hllﬂ IIIH Hlll H IIII
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hydrofluoric acid.

27. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon.substrate porous;

formlng a non—-porous silicon monocrystalllne
layer on said s111con substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocryétalline layer;

bonding a light-transmissive substrate to the
surface of said oxide layer; and

chemically etching to remove said silicon
substrate made porous by immersing in hydrofluoric
acid after coating the surfaces other than the surface
of said silicon substrate made porous with a

protecting material.

28. A meéethod for preparing a semiconductor

meﬁber, which comprises the steps of:

making a silicon substrate porous:

forming a non-porous silicon monocrystalline
layer on said siliéon substrate made porous;

forming an oxide layer on the_surface of said
non-porous silicon monocrystalline layer;

bonding another silicon substrate having an

insulating material on the surface thereof to the
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surface of said oxide layer on said non-porous silicon

monocrystalline layer; and
chemically etching to remove said silicon

substrate made porous by immersing in hydrofluoric

acid.

29. A method for preparing a semiconductor
member, which comprises the steps of:
making a silicon substrate porous;

forming a non-porous silicon monocrystalline

. layer on said silicon substrate made porous;

bonding a light-transmissive glass substrate
to the surface of said non-porous silicon
monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a

mixture of hydrofluoric acid and an alcohol.

30. A method for preparing a semiconductor
member, which compfises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on the silicon éubstrate made porous;

bonding another silicon substrate having an

insulating layer on the surface thereof to the surface
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of said non-porous silicon monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a

mixture of hydrofluoric acid and an alcohol.

31. A method for preparing a semiconductor
mémber, which comprises the steps of:

making a silicon éubstrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made poréus;

forming an oxide laver on the surface of said
non-porous silicon monocrystalline laver;

bonding a light-transmissive substrate to the
surface of said oxide layer; and

chemically etching to remove said silicon
substrate made porous by immersing in a mixture of
hydréflﬁoric acid and an alcohol after coating the-
surfaces other than the surface of said silicon

substrate made porous with a protecting material.

32. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicbn substrate porous;

forning a non—-porous silicon monocrystalline

layer on said silicon substrate made porous:

L
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1 forming an oxide layer on the surface of said
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non—-porous silicon monocrystalline layer;
bonding another silicon substrate having an
inéuléting material on the surface thereof to the
5 surface of said oxide layer on said non-porous silicon
monocrystalline layer; and
cheﬁically etching to remove said silicon
suBstrate made porous by immersing in a mixture of
ot hydrofluoric acid and an alcohol.
10
33. A method for preparing a semiconductor
member, which comprises the steps of:
making a silicon substrate porous;
forming a non-porous silicon monoérystalline
15 layer on said silicon substrate made porous;
bonding a light-transmissive glass substrate
to the surface of said non-porous silicon

monocrystalline layer; and

selectively etching porous silicon by
20 chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a

. mixture of hydrofluoric acid and hydrogen peroxide.

34. A method for preparing a semiconductor
25 member, which comprises the steps of:

making a silicon substrate porous;

i
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forming a non-porous silicon monocrystalline

layer on the silicon substrate made porous;
bonding another silicon substrate having an
insulating layer on the surface thereof to the surface
of said non;porous silicon monocrystalline layer; and
| selectively etching porous silicon by
chemically etching to remove porous silicon by

immersing said silicon substrate made porous in a

- mixture of hydrofluoric acid and hydrogen peroxide.

35. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding a light-transmissive substraté to the
surface of said oxide layer; and

chemically etching to remove said silicon
substrate made porous by immersing in a mixture
comprising of hydrofluoric acid and hydrogen peroxide
after coating the surfaces other than the surface of.

said silicon substrate made porous with a protecting

material.
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36. A method for preparing a semiconductor

member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer:

bonding another silicon substrate having an
insulating material on the surface thereof to the
surface of said oxide layer on said non—-porous silicon
monocrystalline layer; and

chemically etching to remove said silicon
substrate made porous by immersing in a mixture of

hydrofluoric acid and hydrogen peroxide.

37. A method for preparing a semiconductor
member; which comprises the steps of:

making a silicon substraté porous;

forming a non-porous silicon.monocrystalline
layer on said silicon subétrate made porous;

bonding a light-transmissive glass substrate
to the surface of said non—-porous silicon
monocrystalline layer; and

- selectively etching porous silicon by

chemically etching to remove porous silicon by

immersing said silicon substrate made porous in a
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mixture of hydrofluoric acid, an alcohol and hydrogen

195

peroxide.

38. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on the silicon substrate made porous;

bonding another silicon substrate having an
insulating layer on the surface thereof to the surface
of said non-porous silicon monocrystalline layer; and

selectively etching porous silicon by
chemiéally etching to remove porous silicon by
immersing said silicon substrate made porous in a
mixture of hydrofluoric acid, an alcohol and hydrogen

peroxide.

39. A method for preparihg a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

| forming an oxide layer on the surface of said

non—-porous silicon monocrystalline layer;

bonding a light—-transmissive substrate to'tﬁe

surface of said oxide layer; and
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chemically etching to remove said silicon

substrate made porous by immersing in a mixture of
hydrofluoric acid, an alcohol and hydrogen peroxide
after coating the surfaces other than the surface of
said silicon substrate made porous with a protecting

material.

40. A method for preparing a semiconductor

member, which comprises the steps of:
' ‘ making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer oh said silicon substrate made porous;

forming an.oxide laver on the surface of said
non-porous silicon monocrystalline layer;

bonding another silicon substrate having an
insulating material on the surface thereof to the
surface of said oxide layer on said non—-porous silicon
monocrystalline 1ayer;.and

chemically etching to remove said silicon
substrate made porous by immersing in a mixture of

hydrofluoric acid, an alcohol and hydrogen peroxide.

41. A method for preparing a semiconductor
member, which comprises the steps of:
making a silicon substrate porous;

forming a non—-porous silicon monocrystalline

MR
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1l layer on said silicon substrate made porous;

bonding a light-transmissive glass substrate
to the surface of said non-porous silicon
" monocrystalline layer; and
5 selectively etching porous silicon by
chemically etching to remove porous silicon by
immersing said silicon substrate made porous in

buffered hydrofluoric acid.

10 42. A method for preparing a semiconductor

member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on the silicon substrate made porous;

15 bonding another silicon substrate having an
insulating layer on the surface thereof to the surface
of said non-porous silicon monocrystalline layer; and

selectively etching porous silicon by
. chgmiqally-etching to remove porous silicon by
20 immersing said silicon substrate made porous in

buffered hydrofluoric acid.

43. A method for preparing a semiconductor
member, which comprises the steps of:
25 . making a silicon substrate porous:

forming a non-porous silicon monocrystalline
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layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding a light—-transmissive substrate to the
surface of said oxide layer; and

chemically etching to remove said silicon
substrate made porous by immersing in buffered
hydrofluoric acid after coating the surfaces other
than the surface of said silicon substrate made porous

with a protecting material.

44. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non—-porous silidon monocrystalline layer;

bonding another silicon substrate having an
insulating material on the surface thereof to the
surface of said oxide layer on said non-porous silicon
monocrystalline layer; and

chemlcally etchlng to remove sa1d silicon
substrate made porous- by 1mmers1ng in buffered

hydrofluoric acid.
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1 45. A method for preparing a semiconductor

member, which comprises the steps of:
making a silicon substrate porous;
forming a non-porous silicon monocrystalline
5 layer on said silicon substrate made porous;

. bonding a light-transmissive glass substrate
to the surface of said non-porous silicon
monocrystalline layer; and

selectively etching porous silicon by
10 chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a .

mixture of buffered hydrofluoric acid and an alcohol.

46. A method for preparing a semiconductor
15 member, which comprises the steps of:
making a silicon substrate porous;
forming a non-porous silicpn monocrystalline
layer on the siliCOn éubstrate made porous;
bonding another silicon substrate having an
20 insulating layer on the surface thereof to the surface
of said non-porous silicon monocrystalline layer; and
selectively etching porous silicon by
chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a

25 mixture of buffered hydrofluoric-acid and an alcohol.
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47. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding a light—transmissive substrate to the
surface of said oxide layer; and

chemically etching to remove said silicon
substrate made porous by immersing in a mixture of
buffered hydrofluoric acid and an alcohol after
coating the surfaces other than the surface of said
silicon substrate made porous with a protecting

material.

48. A method for preparing a semiconductor
member,fwhich comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layver on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding another silicon substrate having an
insulating material on fhe surface thereof to the

surface of said oxide layer on said non-porous silicon
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monocrystalline layer; and
chemically etching to remove said silicon
substrate made porous by immersing in a mixture of

buffered hydrofluoric acid and an alcohol.

48. A method for preparing a.semiconductqr'
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

bonding a light-transmissive giass substrate
to the surface of said non—pofous silicon
monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remove.porous silicon by
immersing said silicon substrate made porous in a
mixture of buffered hydrofluoric acid and hydrogen

peroxide.

50. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on the silicon substrate made porous;

bonding another silicon substrate having an

insulating layer on the surface thereof to the surface’
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of said non-porous silicon monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remove porous silicon by
immersing said silicon substrate made porous in a
mixture of bufferéd hydrofluoric acid and hydrogen

peroxide.

51. A method for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
laver on said silicon substrate made porous;

forming an oxide layer on the surface of said
non—-porous silicon monocrystalline layer;

bonding a light-transmissive substrate to the
surface of said oxide layer; and

chémically etchiqg to remove said silicon
substrate made porous by immersing in =a mixtﬁre
comprising buffered hydrofluoric acid and hydrogen
peroxide after coating the surfaces other than the
surface of said silicon substrate made porous with . a

protecting material.

52. A nmethod for preparing a semiconductor
member, which comprises the steps of:

making a silicon substrate porous;

—————
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forming a non-porous silicon monocrystalline

layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding another silicon substrate having an
insulating material on the surface théreof to the
surface of said oxide layer on said non-porous silicon
monocrysfalline'layer;_and

chemically etching to.remove said silicon
substrate made porous by immersing in a mixturé of

buffered hydrofluoric acid and hydrogen peroxide.

53. A methéd for preparing a semiconductor
member, which comﬁrises the steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer on said silicon substrate made porous;

bonding a light—-transmissive glass sﬁbstrate
to the sﬁrface of said non-porous silicon
monocrystalline layer; and

selectively etching porous silicon by
chemically etching to remer porous silicon by
imheréing said silicon substrate made porous in a
mixture of buffered hydrofluoric acid, an alcohol and

hydrogen'beroxide.
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54. A method for preparing a semiconductor

member, which comprises the steps of:

making a silicon substrate porous:

forming a non-porous silicon monocrystalline
layer on the silicon substrate made porous;

bonding another silicon substrate having an
insulating laver on the surface thereof to the surface
of said non-porous silicon monocrystalline lavyer; énd

selectively etching porous silicon by
chgmiqally etching to remove poroué siliéog by
immersing said silicon substrate made porous in a
mixture of buffered hydrofluoric acid, an alcohol and

hydrogen peroxide.

55. A method for preparing a semiconductor
member, which comprises the stepé of:

making a éilicon substrate porous;

forming a non-porous silicoﬁ monocrystalline
layer on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline laver;

bon&ing a—1ight—transmissive-subétraté to the
surface of said oxide layer: and

.chemically etching t6 remove séid.silicon
sﬁbstrate made porous by immeréing in a mixture of_

buffered hydrofluoric acid, an alcohol and hydrogen
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peroxide after coating the surfaces other than the
surface of said silicon substrate made porous with a

protecting material.

56. A method for preparing a semiconductor
member, which comprises fhe steps of:

making a silicon substrate porous;

forming a non-porous silicon monocrystalline
layer-on said silicon substrate made porous;

forming an oxide layer on the surface of said
non-porous silicon monocrystalline layer;

bonding another silicon substrate having an
insulating material on the surface thereof to the
surface of said oxide layer on said non-porous silicon
monocrystalline layer; and

chemicaliy etching to remove said silicon
substrate made porous by immersing in a mixture

comprising buffered hydrofluoric acid, én alcohol and

hydrogen peroxide.
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