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Field of the Invention
5 The present invention relates to a process for

producing an SOI substrate which has an excellent
monocrystalline layer like a monocrystalline wafer on
an insulating material with uniformity and
controllability in production.

10 Related Background Art

Formation of a monocrystalline semiconductor
layer on an insulating material is well known as a
silicon-on-insulator Fechnique (SOI). Many studies
have been made on the SOI technique because of many

15 advantages which cannot been achieved by a usual bulk
silicon substrate for silicon integrated circuits.

One example of recently reported SOIs is a so-
called "laminated SOI". This laminated SOI is produced
by contact-bonding of two wafers with the respective

20 mirror-polished faces having an insulation film on at
least one of the faces, heat-treatment to strengthen
the interface bonding, and polishing or etching of one
of the wafer to leave a silicon monocrystalline thin
film of a desired thickness (an active layer) on an

25 insulating film. In this technique of the laminated
SOI formation, the most important step is polishing or

etching of the silicon substrate into a thin fllm in
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silicon substrate for silicon Integrated circuits. One

exanpl e of :recently reported SOs is a so- called "lam nated SO ".
This l'am nated SO is produced by contact-bonding of two wafers with
the respective 20 mrror-polished faages- having an insulation filmon at
| east one of the faces, heat-treatnent to strengthen the interface
bondi ng, and polishing or etching of one of the wafer to | eave a
silicon nmonocrystalline thin filmof a desired thickness (an active
| ayer) on an 25 insulating film In this technique of the |am nated

SO formation, WhHehddte isigdaamtsuisyirate g@vigig g thdckness odt chi ng of
the silicon substrate into a thip fiInL in _ )
- 2- vifrearath dundnes mianeng die nabdished arhiediohess upi formly

several hundred mcrons is polished or etched uniformy
to a thickness of several microns or less than one

microns. This process is extremely difficult
5 technically in control and uniformity.

The processes of thin silicon film formation
are classified into two types. In the one type of
process, the thin film is formed by polishing only
(BPSOI: Bonding and Polishiﬁg SO0I). In the other type

10 of process, an etch-stopping layer is provided
immediately on the thin film to be left, and etching is
conducted in two steps comprising etching of the
substrate and etching of the etch-stopping layver
(BESOI: Bond and Etchback SOI).

15 In the BPSOI processes, the thickness of the
silicon film to be left remaining canﬁot readily be
controlled, because the polishing operation is
conducted by reference to the face of the stand of the
polishing machine on which the specimen to be polished

20 is placed, and any thickness distribution of the
supporting substrate wafer itself affects the thickness
distribution of the active layer. Usually the
thickness of the active layer of the thin film SOI
should be controlled within several ten angstroms.

25 However, the substrate itself cannot be controlled
practically to have the thickness within such a range,

and therefore the BPSOI process cannot readily control



tb a thickness of several nmicrons or |ess than one mcrons. This
process is-extrenely difficult 5 technically in control and uniformty.

The processes of thin silicon filmformation _ are classified into two
types. In the one type of processz the thin filmis fornmed by
pol i shing only (BPSO : Bonding and Polishing SO). In the other type
10 of process, an etch-stopping |ayer is provided _imedi ately on
the thin filmto be left, and etching is conducted in two steps
conprising etching of the substrate and etching of the etch-stopping
| ayer ( BES®I thBgrriesmdo £t thdaakt BB ) layds. In the BPSO
processes, the thickness of the silicon filmto be |eft remai ni ng
cannot readily be In geer® ¥ ethe HBEIVE epxdregrss simgthepertienn is
conducted by reference to the face of the stand of the _polishing
machi ne on whi chPRte SRRcadieive cShbiperi baxer o formed|tuabitantiahy

t hi ckness distribution of the supporting substrate wafer itself

affects the thi%ﬁ?ﬁgg on a preliminarily formed etch-stopping layer.
5 Therefore, at the moment, the BESOI processes are
considered to be advantageous in achieving the
uniformity of the film thickness. However, the etch-
stopping layer frequently contains an impurity at a
higher concentration, and the selectivity of the

10 etching in most cases depends on the impurity
concentration. This means that diffusion of the
impurities in annealing or like heat treatment after
the lamination can change the etching characteristics.
Generally, the etching rate, or the etching

15 selectivity, changes depending on the impurity
concentration at a ratio of several tens or several
hundreds at the highest, which necessarily causes
excessive etching or thickness distribution of the
active layer.

20 A method is proposed by the inventors of the
present invention in which the active layer has uniform
thickness as in BESOI, and the selectivity of the etch-
back is higher by a factor of several digits than the
conventional BESOI. In the proposed method, the

25 surface of the silicon substrate is made porous by
anodization, thereon an active silicon layer is

epitaxially grown, and the formed silicon layer is



distribution of the active | ayer. Usual ly the t hi ckness of the

active layer of the thin film SO shoul d be controlled within
several ten angstrons. 25 However, the substrate itself cannot be
controlled practically to have theg thickness within such a range,
and therefore the BPSO process cannot readily control

- 3- the thickness of the active |ayer. - I n nost of
t he BESO processes, on the other hand, the active silicon layer is
formed by epitaxial growmh on a prelimnarily fornmed etch-stopping
| ayer. 5 Thoresisfiegrest driie mnoditer tshibsBESOe pryodesdoatdom to

consi dered to be advantageous in achieving the uniformty of the

filmthickness. pueapsee@an (3 stubistrate (Japapesendatepdr Abpddeaiion

contains an inpurity at a
Laid-Open No. 5-21338). This method is based on

extremely high etching rate of the porous silicon by an

5 etchant in comparison with that of the non-porous
monocrystalline silicon, and enables production of an
excellent SOI substrate at a low cost.

An etchant applicable to the aforementioned
process has been proposed also by the applicants of the

10 present invention (Japanese Patent Application Laid-
Open No. 6-342784, etc.). According to the studies
made by the inventofs of the present invention, the
high etching selectivity of the porous silicon can be
obtained by use of a hydrofluoric acid type etchant

15 such as a mixture of hydrofluoric acid and hydrogen
peroxide.

However, it is reported recently that the
hydrofluoric acid type etchant also etches crystal
defects in the active layer (Proceedings of I1EEE

20 International SOI Conference, 1944, p.111). As the
result of investigations made by the inventors of the
present invention, this action of the etchant may form
pinholes in the active layer, may corrode the
underlying oxide film through the pinholes, or may form

25 voids in the lamination interface between the

substrates.
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layer, in which void formation caused by crystal defect
in etching of the porous layer is reduced to an
extremely low level.

Another object of the present invention is to
provide a process for producing a semiconductor
substrate in which voids.in the lamination interface
and defects in the nonporous monocrystalline silicon
layer are decreased in number to an extremely low
level.

The process for producing a semiconductor
substrate of the present invention comprises providing
a first substrate made of silicon having a porous
silicon layer formed thereon by making porous the
substrate silicon and a nonporous monocrystalline
silicon layer epitaxially grown on the porous silicon
layer, laminating the first substrate onto a second
substrate in a state that at least one of lamination
faces of the first and the second substrates has a
silicon oxide layer and the nonporous monocrystalline
silicon layer is interposed between the laminated
substrates, and removing the porous silicon layer by
etching, wherein the porous silicon layer is removed by

etching with an etchant which etches the nonporous
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prepare an ‘SO substrate (Japanese Patent Application
5-21338). This nmethod is based on

transferred onto another substrate by lam nation to

porous silicon by an 5 etchant in gorparison with that of the

non- por ous

excellent SO substrate at a | ow cost.

nmonocrystalline silicon, and enables production of an

to the aforenenti oned process has been proposed al so by the
applicants of the 10 present invention (Japanese Patent Application
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The above constitution of the present invention
solves the aforementioned problems, and enables
production of an SOI substrate of extremely high

quality.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1lA-1lE illustrate schematically an example
of the process of the present invention.

Figs. 2A-2G illustrate schematically another
example of the process of the present inventionf

Figs. 3A-3G illustrate schematically still
another example of the process of the present
invention.

Figs. 4A-4E illustrate schematically a further
example of the process of the present invention.

Figs. 5A-5H illustrate schematically a still
further example of the process of the present
invention.

Figs. 6A-6F illustrate schematically a still
further example of the process of the present
invention.

Figs. 7A-7E illustrate schematically a still
further example of the process of the present

invention.

Lai d- Open No.
extrenely high etching rate of the

An et chant applicable

made



peroiide. However, it is reported recently that the

hydrof | uoric acid type etchant also etches crystal defects in the
active layer (Proceedings of IEEE 20 I nternational SO Conference,
1944, p.111). As the result of T7nvestigations nade by the inventors
of the present invention, this action of the etchant may form
pi nholes in the active |ayer, may corrode the underlying oxide film
t hrough t he pinholes, or may form 25 voids in the lam nation interface
bet ween t he substrates. ) . -5-
SUMMARY OF THE | NVENTIX3@sS. BA-8B illustrate SchemtifRib¥ &2nt invention
Is to provi de a process for produgin aq)SO ubstrate

apparatus for making silicon substrate porous.

Fig. 9 is a graph showing dependency of the
rate of etching of monocrystalline silicon and SiO, by a
5 TMAH solution on the TMAH concentration.
Fig. 10 is a graph showing dependency of the
rate of etching of monocrystalline silicon and SiO, by a
hydrofluoric acid-hydrogen peroxide mixture on the
hydrofluoric acid concentration.
10

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for producing a semiconductor
substrate of the present invention has the constitution
as mentioned above.

15 In an embodiment of the present invention, a
first substrate is prepared by making porous a surface
portion of a nonporous monocrystalline silicon
substrate, and allowing nonporous monocrystalline
silicon to grow epitaxially in a layer on the porous

20 ﬁbnocrystalline silicon. The first substrate is
laminated with a second substrate such that the
epitaxially grown nonporous monocrystalline silicon
layer is interposed between the laminated substrates,
and subsequently a part or the whole of the remaining

25 unchanged nonporous monocrystalline silicon of the
first substrate is removed mechanically by polishing or

grinding.



‘enpl oyi ng a techni que of selective etching of a porous 5 | ayer, in
whi ch voi d formati on caused by crystal defect in etching of the
porous |ayer is reduced to an extrenely | ow | evel.

Anot her object of the present inventiang s to provi de a process for
produci ng a sem conductor 10 substrate in which voids in the | am nation
I nterface and defects in the nonporous nonocrystalline silicon

| ayer are decreased in nunber to an extrenely | ow | evel .

The process for producing a sem conductor 15 substrate of the present
i nvention conprises pr@hedipogous portdidn st thebetr dhe sdddcoi silicon
havi ng a porous silicon layer forned thereon by making porous the
substrate silicobpstmhte eambeo fomat dy argdizegion of the nERPOrePs -
epitaxially grown on the porous silicon 20 | ayer, lamnating the first
substrat e ontompnoegywtalline sdiisorpsabstraterat dhehzesal bii®gdst one of

| am nati on faces of the first and the second substrates has a
porous silicon layer has many pores of an average

5 diameter of about 600 A, and yet is monocrystalline.
The selective etching of the porous
monocrystalline silicon layer proceeds by the following
etching mechanism. Firstly an etching solution
penetrates into the pores by capillarity and begins to
10 etch the walls of the pores. If the rate of etching of
the monocrystalline silicon is sufficiently low, the
etching solution penetrates the porous layer to reach
the interface between the active layer (the nonporous
monocrystalline silicon layer formed by epitaxial
15 growth on the porous layer) and the porous layer before
the inner pore walls of the porous layer has been
completely etched. When the thickness of the inner
walls has become zero by etching, the entire porous
layer collapses and disappears. In this etching, the
20 active layer also is slightly etched. Practically the
amount of etching of the active layer is about half or
less of the inner wall thickness of the porous layer,
namely several tens of angstroms, and therefore, most
portion of the active layer remains unetched even if
25 the thick porous layer is entirely removed by etching.
On the other hand, if the rate of etching of

the monocrystalline silicon by the etching solution is



Silicon oxide layer and the nonporous nonocrystalline

silicon | ayer

is interposed between the | aminated 25 substrates, and renoving the
porous silicon |ayer by etching, wherein the porous silicon |ayer is
removed by etching with an etchagt _which etches the nonporous

- 6- nonocrystalline silicon |ayer and the silicon oxide

| ayer at respective etching rates of not nore than 10 angstrons per
m nut e. The above constitution of the present invention 5
sol ves the aforenmenti oned probl ens, and enabl es production of an SO

substrate of exufFiRIientlghhigh, thaltching porceedsBRrbm BBESCRI PTI ON OF

THE DRAW NGS
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external face of the porous layer more rapidly than the
penetration of the etching solution by capillarity into
the pores, and the porous layer is etched at uniform
rate from the external face until the inner walls of
the pores collapse. Successively the active layer is
etched also at the same rate with poor etching
selectivity.

More specifically, the etching proceeds
selectively when the condition of y, < y, is satisfied
where y_. is the amount (thickness) of etching from the
external face of the porous layer at time t and y, is
the distance of the penetration of the etching solution
into the porous layer at the time t. The value of Y,
depends on the etching rate a, and the value of y,
depends on the rate k of penetration of the etching
solution into the pores. The value of y, is a function
of the diameter and other properties of the pores.
Usually, only a porous material of limited properties
(porosity, etc.) is employed for satisfactory epitaxial
growth of a good thin monocrystalline film thereon.
Therefore; the k value is nearly constant, and the
etching selectivity is determined only by the wvalue of
a.

The value of the etching rate a is preferably
not larger than about 10 A/min, more preferably about 2

A/min from the results of experiments. The value a of



‘10 Figs. 1A-1E illustrate schematically an exanple of the

process of- the present invention. Figs. 2A-2Gillustrate
schemati cal | y anot her exanpl e of the process of the present

i nventi on. Figs. 3A-3G.i hpustrate schematically still 15
anot her exanple of the process of the present I nventi on.

Figs. 4A-4E illustrate schematically a further exanpl e of the
process of the present invention. Figs. 5A-6H illustrate
schematically a still 20 _ further exanple of the process of the present
i nventi on. less than 1 Ri/gén 84 6Pti hatebdeesinhenthectpbltala stil
further exanple of the process of the present I nvention. 25

Figs. 7A-7E i efrshizmge tioee st exgespiyedyi Lpng in spitet aér thRanpl e of the
process of the present i nvention

sufficient selectivity. The value a of larger than 10
A/min is not suitable since the etching selectivity is
5 lower and remaining thin monocrystalline film is etched
undesirably excessively to cause larger film thickness
distribution.
Conventionally, the selective etching is
conducted by use of a hydrofluoric acid type etching
10 solution which is adjusted to exhibit a sufficiently
low rate of etching for monocrystalline silicon,
exemplified typically by a 1:5 mixture of hydrofluoric
acid (49%) and agquéous hydrogen peroxide (30%).
‘This is reasonalbe so far as the selective
15 etching only is concerned. Conventional selective
etching solutions are provided without consideration of
the rate of etching of the defects in the active layer
or etching of the underlying oxide layer.
The inventors of the present invention
20 conducted the selective etching of the porous silicon
by use of an etching solution which etches the
monocrystalline silicon at a sufficiently low rate as
conventional etching solutions and yet etches the
underlying SiO, also at a low rate.
25 An example of the employed etching solution is
an organic alkali, TMAH (tetramethylammonium

hydroxide). The agqueous TMAH solution etches the
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-7- Figs. 8A-8B illustrate schematically an

apparatus for meking a silicon substrate porous. Fig. 9is a
graph showi ng dependency of the rate of etching of monocrystalline
silicon and SidJerr] by a 5 TMAH solution on the TMAH concentration.

Fig. 10 is a graph show ng dependency of the rate of etching of
nmonocrystalline silicon and SiJerr] by a ~hydrofluoric acid-hydrogen
per oxi de m xture on the hydrof | uori c acid concentration. 10
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process for
produci ng a senbibhdontat a rate depending ai the gorsentratventodnchas the
constitution as nentioned above. 15 I n an enbodi nent of

the present inv8AtpEEhONgas shownfinsFigubt r dtke | sape ephiretchingredt ng

porous a SurfaCSio2 with this solution is below the detection limit

independently of the solution concentration.

5 Accordingly, for the selective etching of the porous
material at an etching rate of not higher than 10
A/min, the TMAH solution is used at a concentration of
not higher than about 50 ppm.

Another example of the employed etching
10 - solution is a mixture of hydrofluoric acid and agueous
hydrogen peroxide as shown in Fig. 10. This solution,
differently from the TMAH solution, etches silicon at a
rate of about 2-3 A/min invariably over the wide
concentration range, and etches Si0O, at a rate as a
15 function of the concentration. Accordingly, for
etching of both of the porous material and Si0, at the
etching rate of not higher than 10 A/min, the
hydrofluoric acid should be used at a concentration of
not higher than about 0.5% relative to the agueous
20 hydrogen peroxide solution. It has been found that
replacement of 80% 6f the above hydrogen peroxide with
water does not significantly change the etching
characteristics.
The alkali type etching solutions include
25 aqueous KOH solutions, aqueous NaOH solutions, aqueous
ammonia solutions (NH,OH). These solutions etch Si0, at

an extremely low etching rate independently of the



portion of a nonporous nonocrystalline silicon substrate, and

al I ow ng nonporous nonocrystalline silicon to grow epitaxially in a
| ayer on the porous 20 nonocrystalline silicon. The first substrate is
| am nated with a second substrate such LBat the epi taxially grown
nonpor ous nonocrystalline silicon | ayer is interposed between the

| am nat ed substrates, and subsequently a part or the whole of the
remai ning 25 unchanged nonpor ous nonocrystalline silicon of the

first substrate is renoved nmechanically b | i shing or gri ndi ng.
- 8- solution,goRGRRELaF4PR simifafhe 87 the SPcon

monocrystal |1ne sil1 coleLBEEFaELiOTIE el EFRG BLching solutions
include mixtures of hydrofluoric acid, nitric acid, and
water, and mixtures of hydrofluoric acid, nitric acid,
5 acetic acid, and water. These etching solutions has
concentration/etching characteristics similar to those
of the hydrogen fluoride-hydrogen peroxide mixtures in
a certain range.
The present invention is characterized by the
10 etchant used for etching the porous layer as described
above, and includes several embodiments for obtaining
an SOI substrate of high quality. The process of the
present invention is described by reference to

drawings.

15 Embodiment 1

Embodiment 1 is explained by reference to Figs.
1A-1E and Figs. 8A-8B.
A monocrystalline silicon substrate 100 is
anodized to form a porous silicon 101 (Fig. 1lA). The
20 thickness of the porous layer may be several to tens of
angstroms on one face of the substrate. Otherwise, the
entire silicon substrate 100 may be anodized.
The process for forming porous silicon is
described by reference to Figs. 8A-8B. A P-type
25 monocrystalline silicon substrate 600 is employed as
the substrate. If an N-type one is used, it is limited

to the one having a low resistance, or to be used under



ﬁorous silicon | ayer has many pores of an average 5 di anet er of about
600 A, and'yet is nonocrystalline. The sel ective etching of

t he porous nonocrystalline silicon | ayer proceeds by the follow ng
etching nechanism Firstly an etching 48l ¢tion penetrates into the
pores by capillarity and begins to 10 etch the walls of the pores. |If
the rate of etching of the nonocrystalline silicon is sufficiently

| ow, the etching solution penetrates the porous |ayer to reach

the interface between the active |ayer (the nonporous monocrystal line
silicon layer fld/abed iByadidigtdemglto f&ceSgF@W@htgﬁ brédepdPsHatigper) and the
porous | ayer before tg% I nner pore walls of the porous | ayer has

been cor?&eetsé’ll%?t_élaé:ﬁe O\/\ﬂ@n_sPﬁ:e %i%@??gﬁﬁtf‘ﬁespﬁﬁé‘r in’ Fig. g1 s
i sappears. | n SPhuRhY i o #5850 °F MRl Khesicrpte ARUE S3urRRR 1y
cLonetl o 172! % Hifpogiuors R Hie 08180, SRR LT 2,
5 negative electrode 606 is provided and the other face
of the substrate is in contact with a positive metal
electrode. Otherwise, the positive electrode 605' may
be.electrically connected through a solution 604' with
the substrate as shown in Fig. 8B. In any way,
10 porosity formation is caused on the face in contact
with a hydrofluoric acid type solution at the negative
electrode side. The hydrofluoric acid type solution
604 is usually a concentrated hydrofluoric acid
solution (49% HF). Dilution of the concentrated
15 hydrofluoric acid with pure water is not suitable since
etching will occur at a concentration lower than a
certain level depending on the appliea electric
current. Bubbles which are formed on the surface of
the substrate 600 during the anodization may be removed
20 effeéfively by addition of an alcohol as a surfactant.
The alcohol includes methanol, ethanoi, propanol, and
isopropanol. Instead of adding the surfactant, the
solution may be stirred by a stirrer during the
anodization. The negative electrode 606 is made of a
25 material resistant to the hydrofluoric acid solution
such as gold (Au) and platinum (Pt). The positive

electrode 605, which may be made of a generally used



hanely several tens of angstrons, and therefore, nost portion of the
active layer remains unetched even if 25 the thick porous |ayer is

entirely renoved by etching. On the other hand, if the rate
of etching of t he nmonocrystall i-n@4si-licon by the etching solution is
-9- sufficiently high, the etching porceeds fromthe

external face of the porous |ayer nore rapidly than the penetration
of the etching solution by capillarity into t he pores, and the
porous | ayer is etched at uniform, 5 rate_fromthe external face until
the inner wal | efpllic mategded,r d& pIEferablysgeeted; 9B Yhengunieree | ayer
S etched al so at the . sane rate wi.th poor etchi . .

sel ectivity. Wil 3'ndkal"E Fbr?ﬁ&@FPPEaFPyFth§Y§F8ﬁ?H8er088é85

since the hydrofluoric acid solution 604 reaches the
positive electrode 605 if the entire of the substrate
5 600 has come to be anodized. The electric current
intensity for the anodization is not more than several
hundred mA/cm?, and is more than zero. The current
intensity is determined within such a range that the
epitaxial growth will occur satisfactorily on the

10 external face of the formed porous silicon layer.
Generally, at the higher intensity of the current, the
anodization proceeds at the higher rate and the density
of the porous silicon layer becomes lower, the pore
volume becoming larger. Thereby the epitaxial growth

15 conditions are varied.

On the porous layer 101 formed as above, a
nonporous monocrystalline silicon layer 102 is allowed
to grow epitaxially (Fig. 1B). The epitaxial growth is
caused by ordinary thermal CVD, low-pressure CVD,

20 plasma CVD, molecular beam epitaxy, sputtering, or a
like method. The grown layer thickness is controlled
to be the same as the design thickness for the SOI.

The surface of the epitaxial layer 102 is
oxidized to form an SiO, layer 103 (Fig. 1C). (The

25 oxidation process includes thermal oxidation.) If the
epitaxial layer is laminated directly to the supporting

substrate in the subsequent step, impurities are liable



10 sel ectively when the condition of y[err] < y[err] is satisfied

where Y[err] is the anount (thickness) of etching fromthe ext er nal
face of the porous layer at tine t and y[err] is t he di stance of the
penetration of the etching solution = 15 -into the porous |layer at the
time t. The value of y[err] 15 depends on the etching rate a, and the
val ue of y[err] depends on the rate k of penetration of the etching
solution into the pores. The value of y[err] is a function of the

di aneter and other properties o a porous

: Usual | vy, |
material of i GEOFFEREE Pis t%ggmgfégﬁegi fig},tﬁa?ec?—?i E}/‘Qnggfi‘?é&&nﬁgrl
' ' I al h t hi talline film
thereon. 7 "B Be rpe pirche"d 5B nR8RFRGS SrlhRnee Shrenge |
[ LV IS, . d v hed | .Q,
The value of 1S Senbe ShECRbIETCR bripekfEelbt® Rl repurriby ihin, o,

10 A'm n, nore gngf %Ea%‘l'déd]?b%bz%fore, thisMs0rELBE bREaLEIHh! § 50

experinments. The value a
5 conducted to offset the above disadvantages. This

oxidation step is not dispensable, and may be omitted

by employing a device construction in which no t;ouble
is caused by the above phenomena. The SiOé layer 103

serves as an insulation layer of the SOI substrate.

10 The insulation layer should be formed at least one face
of the substrates to be laminated together. The
insulation film can be formed in various ways. The
oxidation film, when it is formed, is controlled to
have a thickness sufficient to prevent contamination of

15 the lamination interface from the external air.

Separately from the above substrafe 100 having
the oxidized epitaxial face, a supporting substrate 110
is provided which has an SiO, layer 104 on the surface
thereof. The supporting substrate 110 is exemplified

20 by a silicon substrate which has been oxidized at the
surface (including thermally oxidized one), quartz
glass, crystallized glass, any substrate onto which Sio,
has been deposited.

The above two substrates, after cleaning, are

25 laminated together (Fig. 1D). The cleaning is
conducted similarly as in usual cleaning of a

semiconductor substrate (for example, cleaning prior to



- 10 - less than 1 A/mn is not suitable since the tota

etching tinme is excessively long in spite of the sufficient
selectivity. The value a of larger than 10 Almn is not suitable
since the etching selectivity is 5 = Uéower and remmining thin
nonocrystalline filmis etched undesi rably excessively to cause

| arger filmthickness di stribution. Conventional l vy,
the selective etching is conducted by use of a hydrofluoric acid
type etching 10 solution which is adjusted to exhibit a sufficientl
low rate of et RF¥BEEIWHocrystalline silicon, - exenplified d

typically by a 1:5 m xt ure of. hydrof | yor,i . i 9%, .and aqueous
hydr ogen peroxi de (30 ?essurlza&lon ot ﬂﬁ% senltslrree?ség%al %e@lsq(()a far as the

selective 15 oup SLENNGANY di QUAGNAGn (ORI AN R4 ective

etching solutions are provi out consideration of
strengthening the lamination bonding.

5 The laminate of the substrates is heat-treated.
A higher temperature is preferred for the heat
treatment. However, an excessively high temperature
can cause structural change of the porous layer 101, or
diffusion of an impurity from the substrate to the

10 epitaxial layer. Therefore, the temperature and the
heating time are selected such that the above
disadvantages are not caused. Specifically, the
treatment temperature is preferably in the range of
from about 600°C to 1100°C. Some substrates are not

15 capable of enduring heat treatment at a high
temperature. For example, a quartz glass as the
substrate 110 is required to be treated at a
temperature lower than about 200°C because of the
difference of the thermal expansion coefficient of

20 guartz from that of silicon. -Above that temperature,
thé laminated substrates may come to be separated or
cracked by stress. The substrates after the heat
treatment are required only to be resistant to the
stresses in polishing or etching of the bulk silicon

25 100 in the subsequent sfep. Therefore, the process can
be conducted by optimizing the surface treatment

conditions for the activation even at a temperature of



the rate of etching of the defects in the active |ayer or etching of

t he underlying oxide |ayer. The inventors of the present

i nvention 20 conducted the selective etching of the porous silicon

by use of an etching solution which etch&s~t he nonocrystal |l i ne
silicon at a sufficiently lowrate as conventional etching solutions
and yet etches the underlying SidJerr] also at alowrate. 25

An exanpl e of the enployed etching solution is an organi c al kal i
TMAH ('t etranet hyl ammoni um hydr oxi de). The aqueous TMAH sol ution
etches the 200°C or lower.gj|jcon at a rate depending on the

concentration of the solution as shown in Fig. 9. The rate
et chi ng of SiCQSNPFﬁqPﬁP§1§0IGpﬁoﬁlg%CBEI§%bgﬁ§a5§t88FFéﬁnlngt
and the porous layer portion 101 are selectively
removed with the epitaxial growth layer 102 unremoved
5 (Fig. 1E). Firstly, the silicon substrate portion 100
is removed by polishing or grinding by means of a
surface grinder or the like, or by etching with an
alkali solution such as potassium hydroxide solution
and agqueous ammonia, or an organic alkali solution such
10 as TMAH solution. The etching can effectively be
conducted in a warm solution at a temperature of not
higher than 100°C. When the supporting substrate is
made of a glass plate or a silicon substrate covered
with an oxide film, the silicon substrate portion only
15 can be selectively etched by an alkali type solution,
since the alkali type solution hardly etches SiO,. It
can also be removed by etching with a mixture of
hydrofluoric acid, nitric acid, and optionally acetic
acid. The hydrofluoric-nitric acid type etchant should
20 not be used for long time for etching since it etches
more or less the supporting substrate.
At the time when the silicon substrate portion
100 has been removed by mechanical polishing or
chemical etching and the porous portion 101 has come to
25 be bared, the polishing or etching is stopped once.
Then the bared porous portion 101 is removed by etching

with the aforementioned solution which is capable of



‘i ndependently of the solution concentrati on. 5 Accordingly, for the
sel ective etching of the porous material at an etching rate of not
hi gher than 10 Almn, the TMAH solution is used at a concentration
of not hi gher than about 50 ppm 18 - Anot her exanpl e of
t he enpl oyed etching 10 solution is a mxture of hydrofluoric acid and
aqueous hydr ogen peroxi de as shown in Fig. 10. This solution,
differently fromthe TMAH sol uti on, etches silicon at a rate of
about 2-3 A/mn invariably over the wide concentration range, and
etches Si 2 at etghimg awnecrystallinetgidiasm and &ifeehptht pbnetching

Accordingly, for etching of both of the porous material and Si Q2 at
the et cHAEST &fe "6 MGG thdy @ A/ fith thegtohing, an

hydr of | uori c aci d shoul d Cg used at a cofncer})t rati o not hi gher
than about 0.5RYBRRIVE GG rﬁﬂlﬂ@éﬁ‘? F&oxi de sol uti on.
per oxi de-wi th_ SRLECHRifY 0% reﬁ%ﬁ‘%@{%%% BT 18T o0G RS 4 ng
5 etching rate by action of the ultrasonic wave.
In addition to the above-described steps, the
steps below may further be conducted.
(1) Oxidation of inner pore walls in porous layer:
In the porous silicon layer, the walls between

10 the adjacent pores are extremely thin in a thickness
range of from several nanometers to tens of nanometers.
The extremely thin pore walls may coalesce to form
thick walls and block the pores in high temperature
treatment of the porous layer such as in epitaxial

15 silicon layer formation, and heating after substrate
lamination, thus lowering the etching rate. The
thickening of the pore walls and coarsening of the
pores can be retarded by fprming a thin oxide film on
the pore walls after the porous layer formation.

20 However, the oxidation should be limited to be at the
surface of the inner walls of the pores to keep the
monocrystallinity in the interior of the pore walls
because the nonporous monocrystalline silicon layer is
to be grown epitaxially thereon. The thickness of the

25 formed oxide film ranges preferably from several
angstroms to tens of angstroms. Such thickness of the

oxide film is formed by heat treatment in an oxygen



characteristics. The al kali type etching solutions include
25 ~aqueous KOH sol utions, aqueous NaOH sol uti ons, aqueous anmoni a
solutions (NH err]J]OH). These solutions etch SiJerr] at an extrenely
| ow etching rate independently of the- 19 - -
12 - solution concentration simlarly as the TMAH

The hydrofluoric acid type etching solutions I ncl ude m xtures of
hydrofluoric acid, nitric acid, and wat er, and m xtures of
hydrofluoric acid, nitric acid, 5 acetic acid, and water. These

et chi ng sol uti efmolsabere at gofemperatuse/ sepaing PRAEEaERBLYSEre® sinmil ar
to those of the h dro%Fn fluoride-hydrogen peroxide nmxtures in

a certain rang@00°C to 700°C, mpge prefexpbilivérPi 6ntPs BRaFacterized by

the (2) Hydrogen annealing:
It was shown by the inventors of the present
5 invention in EP 553852A2 that fine irregularity of a
Silicon surface can be removed by heat treatment in a
hydrogen atmosphere to give extremely smooth silicon
surface. This annealing in a hydrogen atmosphere is
applicable in the present invention. For example, the
10 hydrogen annealing can be conducted after porous
silicon layer formation and before epitaxial silicon
layer formation. Otherwise, the hydrogen annealing may
- be conducted for SOI substrate obtained by removal of
the porous silicon layer by etching. In the hydrogen
15 annealing conducted prior to the epitaxial silicon
layer formation, the hydrogen atoms constituting the
surface of the porous silicon migrate to block the
outermost portion of the pores. With the pores blocked
at the outermost portion, the epitaxial silicon layer
20 will be formed with less crystal defects. On the other
hand, in hydrogen annealing after the etching removal
of the pofous silicon layer, the epitaxial silicon
surface roughened somewhat by etching is smoothened,
and boron incorporated unavoidably in the bonding
25 operation from the clean room into the lamiﬁation

interface is driven off.



10 ‘etchant used for etching the porous |ayer as described above,

and includés several enbodi nents for obtaining an SO substrate of

hi gh quality. The process of the present invention is described by
reference to drawi ngs. 15 Emb@® ment 1 Enbodi ment 1
I's explained by reference to Figs. 1A-1E and Figs. 8A-8B

A nonocrystalline silicon substrate 100 is anodi zed to form a porous

silicon 101 (Fig. 1A). The 20 t hi ckness of the porous |ayer nay be

several to tem%ﬁgbdim _fngs;rpns on one face of the substrate.

O herwi se, the e silicon substrate 100 may be anodi zed.

The .process for forninq%E || descri ed by reference to
Figs. 8A-8B. A P-type Oy #%ﬁ§53§§%ﬁ &IPSR %Pgté %600 is ’

employed a5 cxp1diPUpLIRiEedde W l@soez%n%d S 4nethgdl, -l ted

to the one havin I stance, or to used
" the same reference numbers are used as in Figs. 1lA-1E

5 fof the same members. In Embodiment 1 above, the two
substrates are laminated by bonding the SiO, layer 103
of one substrate with the Si0, layer 104 of another
substrate. However, only at least one of the surfaces
to be bonded is required to be constituted of SiO,.

10 In one example of Embodiment 2, an epitaxial
silicon layer 1102 in Fig. 2B formed on a porous
silicon layer 101 is bonded with an oxide layer 1104 in
'Fig. 2C formed on a second substrate 1110.

In another example of Embodiment 2, the surface

15 of an epitaxial silicon layer 1102 in Fig. 2E is
thermally oxidized, and the resulting oxide film 1103
is bonded with the surface of a non-oxidized silicon
substrate 1110 as shown in Fig. 2F.
| In this Embodiment, the other steps are

20 conducted in the same manner as in Embodiment 1.

Embodiment 3

Embodiment 3 of the present invention is
explained by reference to Figs. 3A-3G. In Figs. 3A-3G,
the same reference numbers are used as in Figs. 1lA-1E

25 for the same members. This Embodiment 3 is
characterized by a glass material 1210 (Figs. 3C and

3F) such as quartz glass and blue plate glass employed



- 13- light irradiation to accelerate the hole formation.

The substrate 600 is set on the apparatus shown in Fig. ' 8A such that
one face of the substrate is in contact with a hydrofluoric acid
type solution in which a 5 negat i ve2@l ectrode 606 is provided and the
ot her face of the substrate is in contact wwth a positive netal

el ectrode. (therw se, the positive electrode 605 nmay be electrically
connected through a solution 604" wth the substrate as shown in Fig.
8B. In any way, 10 porosity formation is _caused on the face in contact
with a hydrof | @sr itheasegongpsu §rtmarcsntat b@héaﬁégaFPGeOHtO thepfdzfitode
side. The hydrofluoric aC|q type sol uti I S usy ah .a, )
concentr at ed hﬁﬂﬂﬁﬂFﬁﬁﬁlé 4@sd 3B and §§PuP?Uﬁn€49%)ﬂP}taBPP t?&ilﬁpnthe
concentrated 15 drofluorlc acid with pure water is not suitable since
etching will odddm 5% AOEFEPRi on | ower than a

In one example of this Embodiment 3, an
5 epitaxial silicon layer 1102 in Fig. 3B is bonded to a
glass substrate 1210 in Fig. 3C.

In another example of this Embodiment 3, an
oxide film 1103, which has been formed by thermal
oxidation of the surface of an epitaxial silicon layer

10 1102 in Fig. 3C, is bonded to a glass substrate 1210 as
shown in Fig. 3F.

In this Embodiment, the other steps are
conducted in the same manner as in Embodiment 1.

The present invention is described below more

i5 specifically by reference to Examples.
Example 1

A P-type (100) monocrystalline silicon
substrate was employed which had a thickness of 625 pm,
a size of 5 inches, and a resistivity of 0.1-0.2 Qcm.

20 This silicon substrate was set in an apparatus shown in
Fig. 8A, and was anodized. Thereby, a porous silicon
layer 101 was formed in a thickness of 20 pm on the
surface of the silicon substrate 100 (Fig. 1A). A 49%
HF solution was used as the solution 604. The

25 anodization was conducted at a current density of 1
mA/cm?. The porous layer forming rate was about 1

pm/min, and a 20-pm thick porous layer was obtained in



certain |evel depending on the applied electric current. Bubbl es

which are formed on the surface of the substrate 600 during the

anodi zati on nmay be renoved 20 effectively by addition of an al cohol as a
surfactant. The al cohol incl udes2gethanol, ethanol, propanol, and

| sopropanol . Instead of adding the surfactant, the sol ution may be
stirred by a stirrer during the anodi zation. The negative el ectrode
606 is nade of a 25 material resistant to the hydrofluoric acid solution
such as gold (Au) and platinum (Pt). The positive el ectrode 605,

whi ch may be m@foudt 28 JeRUt&Sy used -

14 - metallic material, is.preferably coated on_the rface
with a netal fiIn1resiQpaﬁset5eFHg%ﬁ§§rBPF88§iélgéFan 1 yersﬁﬁge he
hydr of | uori c aci d solutgaq.604 nﬁaches th%

monocryst ine silicon” layeér 102 was grown epitaxially

in a thickness of 0.25 ym (Fig. 1B) by CVD under the

5 deposition conditions below:
Gas employed: SiH,/H,
Gas flow rate: 0.62/140 (L/min)
Temperature: 850°C
Pressure: 80 Torr
10 Growth rate: 0.12 pm/min

The resulting substrate was treated at 900°C in
a water vapor atmosphere to form an oxide film 103 of
0.1 pm thick (Fig. 1C). |

The above surface-oxidized substrate and

15 another separately prepared 5-inch substrate 110 having
a 0.5-ym oxide film 104 on the surface thereof were
cleaned with a cleaning system employing an acid and
ammonia, and dried by a spin drier. The treated faces
of the substrates were laminated together to form a

20 laminate (Fig. 1D). The laminate was heat-treated at
800°C for 6 hours.

After the heat treatment, the 610-pm portion of
the silicon substrate 100 was polished by a surface
polishing machine to bare the porous silicon 101.

25 This substrate was then immersed into a selective
etching solution, and the porous portion 101 only was

entirely etched off by application of ultrasonic wave



bositive el ectrode 605 if the entire of the substrate 5 600 has cone
to be anodized. The electric current Intensity for the anodi zation
is not nore than several hundred mA/cnferr], and is nore than zero.
The current intensity is determnzgl within such a range that the
epitaxial growth wll occur satisfactorily on the 10 external face of
the formed porous silicon | ayer. Cenerally, at the higher intensity
of the current, the anodi zati on proceeds at the higher rate and the
density of the porous silicon |ayer becomes |ower, the pore

vol ume beconi ng(FiggelE) Terdenythe coplitions Replawwh 15 conditions are
vari ed. On the porous |ayer 101 fornmed as above, a

nonpor ous nonocr yst aP¢+PRELYS i EFPing es0eRion: 3| | owed | bto g&pw

epi taxi al | Fig. 1B). The epitaxial growth is cause y ordinary
tﬁernal CV%,(|OMFDFESSUFE CVD, 20 pl adfeews THeFe Selati98ah2ép PRy

sputtering, or a . L1 ke thod._The gro er thickness is
control | ed t CHE TR SHRIE TR Hesi % 4’&%&%35 for the SO .

5 Si0, etching rate: 1 A/min or less
The resulting SOI substrate had a silicon oxide
film of 0.6 pm thick thereon and a monocrystalline
silicon film of about 0.2 pm thick further thereon.
The density of the voids in the SOI film was reduced by
10 a factor of about 1/100 in comparison with conventional
ones which are prepared by etching the porous layer
with an etching solution of high SiO,-etching rate.
Example 2
Example 2 is explained by reference to Figs.
i5 4A-4E.
A P-type (100) monocrystalline silicon
substrate 200 was employed which had a thickness of 300
pm, a size of 4 inches, and.a resistivity of 0.01 Qcm.
The surface layer of the silicon substrate was changed
20 to a porous silicon layer 201 in a thickness of 20 pm
(Fig. 4A) in the same manner as in Example 1.
On the resulting porous silicon layer surface,
a monocrystalline silicon layer 202 was grown
epitaxially in a thickness of 0.15 pum in the same
25 manner as in Example i (Fig. 4B).
The resulting substrate was treated at 1000°C

in a water vapor atmosphere to form an oxide film 203



The surface of the epi taxi al layer 102 is * oxidized to forman SiQ2
| ayer (103 (Fig. 1C). (The 25 oxi dati on process includes therm

oxidation.) If the epitaxial layer is lamnated directly to the
supporting substrate in the subsedf&ent step, inpurities are liable
- 15 - to segregate at the lam nation interface, and dangling
bonds of the atons at the interface tends to increase to render
unstabl e the properties of the resulting thin filmdevice.
Therefore, this surface oxidation is conducted to of fset the above

di sadvant ages. °ffl-d um tth%ﬂQﬁ&QtﬁF%lep i s not dlspensable and may be
O s by < s BRI ST S AR B SIS,
an insul ation l%g%her éég%é%%ef§“§¥éﬁgred 4-inch quartz substrate 210
were cleaned, and the mirror faces of the substrates
5 were bonded together to form a laminate (Fig. 4D). The
laminate was heat-treated at 180°C for 24 hours.

After the heat treatment, the silicon substrate
200 of 280 pm thick was etched with a mixture of
hydrofluoric acid/nitric acid/acetic acid (1:10:10) to

10 bare the porous silicon 201 on the surface.

Then the porous layer 201 was selectively
etched with a mixture of hydrofluoric acid/hydrogen
peroxide (1:300) (Fig. 4E) at the etching rates below:

Silicon etching rate: 3 A/min
15 Si0, etching rate: 6 A/min or less

The resulting SOI substrate had a
monocrystalline silicon thin film of about 0.1 um thick
thereon. The density of the voids in the SOI was
reduced by a factor of about 1/100 in comparison with

20 conventional ones which are prepared by etching the
porous layer with an etching solution of high Si0,-
etching rate.

Example 3

Example 3 is explained by reference to Figs.

25 5A-5H.

A P-type (100) monocrystalline silicon

substrate 300 was employed which had a thickness of 400
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On the resulting porous silicon layer surface,
an epitaxial layer 302 was grown in a thickness of 0.5
pm in the same manner as in Example 1 (Fig. 5B).

The surface of the epitaxial layer 302 on the
substrate was oxidized at 1000°C in a water vapor
atmosphere to form an SiO, film 303 of 0.2 pm thick
(Fig. 5C), leaving 0.4 um thick of monocrystalline
silicon.

The above substrate 300 and another separately
prepared synthetic quartz substrate 310 were treated by
RF plasma to activate the bonding surface (Figs. 5D and

5E) under the treatment conditions below:

Gas employed: CF,/0,

Gas flow rate: 70/6 (sccm)
Pressure: 30 (pa.)
RF output: 350 w
Treatment time: 30 seconds

The treated substrates were cleaned with
aqueous hydrogen peroxide solution, rinsed further with
pure water, and dried. The dried substrates were
bonded together (Fig. 5F) to form a laminate. The
laminate was pressed at a pressure of 70 tons for 10

minutes.

e

25



"~ 16°- t he oxi dation). Pressurization on the entire

face of the substrate after the lanmnation is effective for
strengthening the | am nation bonding. 5 The | am nate of the
substrates is heat-treated. A hipgher tenperature is preferred for

t he heat treatment. However, an excessively high tenperature

can cause structural change of the porous |ayer 101, or di ffusion of
an inmpurity fromthe substrate to the 10 epitaxial |ayer. Therefore,
the tenperature and the heating tinme are sel ected such that the
above di sadvant WgtBouteh@at treat@entpcthe| %?eﬂ-}?ont ﬁ‘ébStrate
treatnment tenperature is preferably in the range o from about

600[err]C to 1§BQFePf]EﬁeSBHEV§u§§ FEF%Eea}%th?teJE?s etghed| BY oflenduri ng

h r n hi [ For rtz
tﬁgt treatme tegéhgng golution. Igpgggtgtghlng, eégn8x1de fgfg tz glass as

formed by thermal oxidation covering the silicon

5 substrate was removed by dilute hydrofluoric acid, and
then the substrate laminate was immersed into an
aqueous 2.4% TMAH solution, and kept therein at 90°C
"for 5 hours. Thereby the bulk silicon portion 300 of
the silicon substrate side was entirely etched off,

10 baring the porous layer 301.

Successively, the porous portion 301 was
selectively etched by'an agqueous 24-ppm TMAH solution
at room temperature (Fig. 5G).

The monocrystalline silicon thin film 302

15 formed on the quartz substrate 310 prepared through the
above steps was subjected to patterning to obtain an
island pattern.corresponding to the area, shape, and
arrangement of an active layer of a designed element
(Fig. 5H). After the patterning, as the first step of

20 element formation, the respective island regions were
oxidized in an oxygen atmosphere at 1006°C, and
simultanebusly thermally treated. Thus an SOI
substrate was produced which had a monocrystalline
silicon thin film of about 0.4 pm thick on a

25 - transparent substrate. No void was observed.

Example 4

Example 4 is explained by reference to Figs.



‘substrate 110 is required to be treated at a tenperature | ower than

about (200[err] C because of the difference of the thermal expansion
coefficient of 20 quartz fromthat of silicon. Above that tenperature,
the | am nated substrates may cone to bexseparated or cracked by
stress. The substrates after the heat treatnment are required only to
be resistant to the stresses in polishing or etching of the bulk
silicon 25 100 in the subsequent step. Therefore, the process can

be conducted by optim zing the surface treatnent conditions for the
activation evebAabFa tenperature of -
17 - 200[ err] C or | ower. Subsequently, the silicon

substrate portion 100 2 P-typandl@hk pbligen |SHRStIRES | 1¥AS ar e

sel ectively ]
employed which had a thickness of 400 um, a size of 5

inches, and a resistivity of 0.01 Qcm. The surface
5 layer of the silicon substrate was changed to a porous
silicon layer 401 in a thickness of 20 pm (Fig. 6A) in
the same manner as in Example 1.
On the resulting porous silicon layer surface,
an epitaxial layer 402 was grown in a thickness of 0.5

10 pm in the same manner as in Example 1 (Fig. 6B).

The surface of the epitaxial layer 402 of the
substrate was oxidized (thermally oxidized) at 900°C in
a water vapor atmosphere to form an SiO, film 403 in a
thickness of 0.05 um (Fig. 6C).

15 The resulting substrate 400 and another
separately prepared 5-inch synthetic quartz substrate
410 were cleaned, and the substrates were bonded
together to form a laminate (Fig. 6D). The substrate
laminate was heat-treated at 180°C for 24 hours.

20 : The above substrate laminate was polished from
the silicon substrate side by means of surface polisher
to leave 100 ym of the silicon substrate (Fig. 6E).
The polished matter was heat-treated at 300°C for 24
hours.

25 The remainder of the bulk portion 400 was
further polished by the surface polisher to bare the

porous silicon portion 401.



‘removed with the epitaxial growmh [ayer 102 unrenoved 5 (Fig. 1F)
Firstly, the silicon substrate portion 100 I's renmoved by polishing
or grinding by neans of a surface grinder or the |like, or by etching
with an al kali solution such as ?gtgssiun1hydroxide sol ution

and aqueous ammoni a, or an organic al kalT solution such 10 as TMAH
solution. The etching can effectively be conducted in a warm
solution at a tenperature of not hi gher than 100[err] C. When the
supporting substrate is made of a glass plate or a silicon substrate
cover ed Wi th anthXhdehéi porotibelayekceasssbseetieeprétoneanly 15

can be selectively etched by an alkali type solution, since the
al kali type sowtithoanhagdéguet 0h04%Safthenis. sblution (Fitgn &F$oabethenoved
by etching with a m xture of hydrofluoric acid, nitric acid, and
optional |l y aceetching ratesildeldWe hydrofluoric-nitric acid type etchant .
should 20 not be used for long time for et¢hing since it etches
more or |ess the suBpbdicPngetohingarate: 4 A/min At the time when the
silicon substrate portion )
5 Si0, etching rate: 1 A/min or less
The resulting SOI substrate had a thin
monocrystalline silicon film 402 of about 0.4 um thick
thereon. The density of the voids in the SOI waé
reduced by a factor of about 1/100 in comparison with
10 conventional ones which are prepared by etching the
porous layer with an etching solution of high SiO,-
etching rate.
Example 5
Example 5 is explained by reference to Figs.
15 7A-7E.
A P-type (100) silicon substrate 500 was
employed which had a thickness of 300 ym, a size of 4
inches, and a resistivity of 0.01 Qcm. The surface
layer of the silicon substrate was changed to a porous
20 silicon layer 501 in a thickness of 20 pm (Fig. 7A) in
the same manner as in Example 1.
On the resulting porous silicon layer surface,
an epitaxial layer 502 was grown in a thickness of 0.15
pm in the same manner as in Example 1 (Fig. 7B).
25 The surface of the epitaxial layer 502 of the

substrate was thermally oxidized at 1000°C in a water

vapor atmosphere to form an SiO, layer 503 in a



100 has been renoved by nechani cal polishing or chem cal etching and

the porous portion 101 has cone to 25 be bared, the polishing or
etching is stopped once. Then the bared porous portion 101 is
removed by etching with the af reentioned solution which is capable
of - 18 - et chi ng
nonocrystalline silicon and SiJerr] both at etching rates of not
nore than 10 AAmn. In the etching, an ultrasonic cleaner is
preferably enpl oyed for uniformty of the filmw th care about sone
ri se of 5 diiiknggatoF 0y 1ag @FiQf. (709 .ul thayebyC thevexide film
In addition to the above-described steps, the st eps bel ow may )
further be concwtteehn had a thickDesgatafod.df pmndeaydng @alll gmi wfpor ous
| ayer: In the porous silicon |ayer, the walls between

the silicon monocrystalline portion of the epitaxial

layer.

5 The surface of the epitaxial layer 502 of the

above substrate 500 and another separately prepared
bare silicon substrate 510 were cleaned with an acid
and an alkali, and the substrates were laminated
together to form a laminate (Fig. 7D). The substrate

10 laminate was annealed at 1000°C for 30 minutes.

The above substrate 500 having the epitaxial
layer was polished from the side reverse to the
epitaxial layer by means of a surface polisher to bare
the porous silicon portion 501.

15 Then the porous layer 501 was selectively
etched with a mixture of hydrofluoric acid (49%),
nitric acid (70%), acetic acid (100%), and water at a
mixing raﬁio of 1:80:80:340 (Fig. 7E) at the etching
rates below:

20 Silicon etching rate: 4 A/min

Si0, etching rate: 3 A/min

The resulting SOI substrate had a silicon oxide
film of 0.1 pm thick thereon, and a monocrystalline
silicon film of 0.1 um thick fﬁrther thereon. Thé

25 density of the voids in the SOI was reduced by a factor
of about 1/100 in comparison with conventional ones

which are prepared by etching the porous layer with an



10 " the adjacent pores are extrenely thin in a thickness range of
from several nanoneters to tens of nanoneters. The extrenely thin
pore walls may coal esce to form thick walls and bl ock the pores in
hi gh tenperature treatment of theggorous |ayer such as in epitaxial
15 silicon layer formation, and heating after substrate

| am nation, thus lowering the etching rate. The t hi ckeni ng of the
pore wal | s and coarsening of the pores can be retarded by formng a
thin oxide filmon the pore walls after the porous |ayer formation.
20 However, ¢tehinxg dedlwhichoof dhibghl$ihdf~etchdnige rattet.he surface
of the inner walls of the pores to keep the nonocrystallinity in the
interior of theExampledgh|s because the nonporous nonocrystalline’
silicon layer is to be grown epitaxially thereon. The thickness of
the 25 fornmed oxi dEE¥@TRAe abigbs p¥Riained \OY repferangealto Figs.
angstrons to tens of angstrons. Such thickness of the oxide filmis
formed by heat 2e¥nent in an oxygen

5 A P-type (100) silicon substrate 500 was
employed which had a thickness of 300 pm, a size Qf 4
inches, and a resistivity of 0.01 Qcm. The surface
layer of the silicon substrate was changed to a porous
silicon layer 501 in a thickness of 20 uym (Fig. 7A) in

10 the same manner as in Example 1.

The resulting substrate was heat treated at
400°C in an oxygen atmosphere for one hour to form an
extremely thin oxide film on the surface and on the
pore walls of the porous silicon layer 501.

15 Then the surface of the porous layer 501 was
immersed into an HF solution to remove the oxide film
from the outermost surface of the porous silicon layer
501 with the oxide film on the pore walls left
unremoved. Thereby, the porous monocrystalline silicon

20 laye; was bared. Subsequently, the substrate was heat
treated at 1000°C in a hydrogen atmosphere for 7
minutes tb block the pores at the surface of the porous
silicon layer. An epitaxial siliéon layer 502 was
formed thereon in a thickness of 0.15 um (Fig. 7B) by

25 introducing dichlorosilane as the starting gas for the
epitaxial silicon layer into the film-forming chamber.

The surface of the epitaxial silicon layer 502 was



"~ 19" -

at nosphere at a tenperature ranging preferably from

200[err]C'to 700[err\C, nore preferably 250[err]C to 500[err]C.

Hydr ogen anneal i ng:

pr esent

5

invention in EP 553852A2 what fine irregularity of a

silicon surface can be renoved by heat treatnment in a hydr ogen
at nosphere to give extrenely snooth silicon surface. This annealing
in a hydrogen atnosphere is applicable in the present invention. For

exanpl e,

t he

10 hydr ogen anneal i ng can be conducted after porous

silicon layer hoefaialdy axddieled eccforaxiahnl oxildecdnlm 503 (Fager 7C).

formation.

(2)

It was shown by the inventors of the

O herwi se, the hydrogen anneal i ng may be conducted for

SO substrate obtainedThe sunfasle off the therhalpgr ousddzbdcdhlmapes by’
In the hydrogen 15 anneal i ng conducted prior to the epitaxial

et chi ng.
silicon

10

15

20

25

diaydre fadovet isoips tiriadeh pado gopthegnmpononsidigedngitlhieon
substrate 510 were cleaned with an acid and an alkali,
and the substrates were bonded together to form a
laminate (Fig. 7D). The substrate laminate was
annealed at 1000°C for 30 minutes.

The above substrate 500 having the epitakial
layer was polished from the side reverse to the
epitaxial layer by means of a surface polisher to leave
a small portion thereof unpolished, and the remaining
unpolished portion of the substrate 500 was removed by
etching to bare the porous silicon portion 501.

Then the porous layer was selectively etched
with a mixture of hydrofluoric acid (49%), nitric acid
(70%), acetic acid (100%), and water of a mixing ratio
of 1:80:80:340 (Fig. 7E) at the etching rates below:

Silicon etching rate: 4 A/min
Si0, etching rate: 3 A/min
. The obtained SOI substrate was heat-treated at
1000°C in a hydrogen atmosphere

The resulting SOI substrate had a silicon oxide
film of 0.1 pm thick thereon, and a monocrystalline
silicon film of 0.1 um thick further thereon. The
density of the voids in the SOI was reduced by a factor
of about 1/200 in comparison with conventional ones
which are prepared by etching the porous layer with an

etching solution of high SiO,-etching rate.



surface of the porous silicon mgrate to block the out er nost portion

of the pores. Wth the pores bl ocked at the outernDst portion,. the
epitaxial silicon layer 20 wll be forned with stal defects

t he ot her hand, in hydrogen anned?2ing after t ;II H ﬂmﬂm

of the porous silicon layer, the epitaxial silicon hened
sonewhat by etching is snoothened, and boron. |ncorporated

unavoi dably in the bonding 25 operation fromthe clean roominto the

| am nati on interface is driven off.

- 20 - WHAEESJCHARMED 1S: Enbodi nent 2 of the present

I nvention is expl ai ned by ref rence?%o Figs. 2A-2G én Eigs. 2A- 2G
the same reference nunber s2aPECGEEE 38%i R bg?ngA?lismlcon ucte ’

substrate comprising providing a first substrate made
of silicon having a porous silicon layer formed thereon

5 by making porous the substrate silicon and a nonporous
monocrystalline silicon layer epitaxially grown on the
porous silicon layer, laminating the first substrate
onto a second substrate in a state that at least one of
lamination faces of the first and the second substrates

10 has a silicon oxide layer and the nonporoué
monocrystalline silicon layer is interposed between the
laminated substrates, and removing the porous silicon
layer by etching, wherein the porous silicon layer is
removed by etching with an etchant which etches the

15 nonporous monocrystalline silicon layer and the silicon
oxide layer at respective etching rates of not more

than 10 angstroms per minute.

2. The process for producing a semiconductor
20 substrate according to claim 1, wherein the porous

silicon layer is formed by anodization.

3. The process for producing a semiconductor
substrate according to claim 1, wherein the silicon

25 oxide layer is formed on the first substrate.



5 for the same nmenbers. In Enbodi ment 1 above, the two
substrates are | am nated by bonding the SiQ2 |ayer 103 " - of- one-- - -

substrate with the SiJerr] layer 104 of another _ n w er,
only at |east one of the surfaces - 33 0- be bonded |sm| ﬁ "H ﬂ Eﬁi’
constituted of SiJerr]. 10 I n one exanpl e of* Embodi s Zoan
epi t axi al silicon layer 1102 in Fig. 2B formed on a porous

silicon layer 101 is bonded with an oxide |layer 1104 in Fig. 2C
fornmed on a second substrate 1110. I'n anot her exanple of
Enbodi nent 2, the surfate T progess & teooducing ia geniaymrdudtdsr i n Fig.
2E is thermal |y oxidized, and the resulting oxide film 1103 ]

i s bonded with $HRSEIRTRARCATH D LRG R PB sivhexsin the sigyimarate 1110
as shown in Fig. _2&2. . I.n this Enbodi nent, the other steps are
20 conduct edP¥H¢ MR¥eTe! Srefidted LY Ehsmis: Ridation of thewodi nent 3
E:’ngdl gi[]ge?’ ?LS\"[I_.{J C.E)er es_gt énélgn{]éal:?{]alllsy grown neOX pliOaiI‘OrIleSd by reference to

5 monocrystalline silicon layer.

5. The process for producing a semiconductor
substrate according to claim 3 or 4, wherein the second
substrate is a monocrystalline silicon substrate.

10

6. The process for producing a semiconductor
substréte according to claim 5, wherein the silicon
oxide layer is formed on the lamination face of the
second substrate.

15

7. The process for producing a semiconductor
substrate according to claim 5, wherein the lamination
face of the second substrate is constituted of
monocf&stalline silicon.

20

8. The process for producing a semiconductor

substrate according to claim 3 or 4, wherein the second

substrate is a glass substrate.

25 9. The process for producing a semiconductor
substrate according to claim 1, wherein the silicon

oxide layer is formed on the second substrate.



the 'same reference nunbers are used as in Fi gs. 1A-1E 25 for the sane

menbers. This Enbodinment 3 is characterized by a glass nateria
1210 (Figs. 3C and 3F) such as quartz glass an “, lm lmE
enpl 03(/ed - 34 - - 21 - c” “ﬁ“m mm, ond
substrate to be lam nated onto the first substrate €Fifs." 3B arfd 3E)
havi ng an epitaxial silicon filmformed thereon.

one exanple of this Enbodinment 3, an 5 epitaxial silicon |ayer 1102 in
Fig. 3B is bonded to a gl ass substrate 1210 in Fig. 3C _

I n anot her exanple of tils Esdreress, fan producirgkialesdmiaorkiif3omhi ch
has been forned by thernal oxi dation of the surface of an epitaxial

silicon |ayer SwPstrateageeyding 3 ¢lribrRledherein| s sidstamt e 1210

as oxide layer is formed by thermal oxidation of the

monocrystalline silicon substrate.

11. The process for producing a semiconductor
substrate according to claim 9, wherein the silicon

oxide layer constitutes a glass substrate.

10 12. The process for producing a semiconductor
- substrate according to any of claims 9 to 11, wherein
the lamination face of the first substrate is the
epitaxially grown nonporous monocrystalline silicon
layer.
15
13. The process for producing a semiconductor
substrate according to claim 1, wherein the nonporous
monocrystalline silicon layer is formed by epitaxial
growth after the inner walls of the pores in the porous

20 layer is oxidized.

14. The process for producing a semiconductor
substrate according to claim 13, wherein the nonporous
monocrystalline silicon layer is formed by epitaxial

25 growth after the porous layer is heat-treated in a

hydrogen atmosphere.



* [ I

shown in Fig. 3F. ~I'n this Enmbodi ment, the other steps are
nvention i s descri bed bel ow more. Eé‘f"j;s”‘SQEi fical y§ A R TR B ="

Exanpl es. Exanple 1 A P-type (18€0)* nonoerystat|line
silicon substrate was enpl oyed whi ch had a thi ckness of "625 [err]m
a size of 5 inches, and a resistivity of 0.1-0.2 [err]Jcm 20 Thi s
silicon substrate was set in an apparatus shown in Fig. 8A, and was

anodi zed. Thereby, a porous_silicon | ayer 101 was fprngg in a

t hi ckness of 20 pmon the The pr%ﬂ??%cgpﬁfp¥$§;%ﬁ99cﬁn?%ﬁhﬁﬁq 1< o0 (Fig.
1A). A 49% F | ut d t ' 604.. T 2
anédization ma§ugﬁﬁ%%§$é%cIégé#%%rf%ﬁ?lgé%sﬁsygégf%iéfkhe e?ﬁé%?ﬁeé%].,The
porous | ayer feﬁgbggrééégsfffCBQQféyér is condG&LedT i th &Ml feg0-pm thick

por ous | ayer was ained 1n
etching solution composed of hydrofluoric acid and

5 agueous hydrogen peroxide.

16. The process for producing a semiconductor
substrate according to claim 1, wherein the etching of
the porous silicon layer is conducted with a mixed

10 etching solution composed of hydrofluoric acid, nitric

acid, and optionally acefic acid.

17. The process for producing a semiconductor
substrate according to claim 1, wherein the etching of
15 the porous silicon layer is conducted with an alkali or

an organic alkali type etching solution.

18. The process for producing a semiconductor
substrate according to claim 1, wherein the etching of
20 the porous silicon layer is conducted with an aqueous
TMAH solution of a concentration of not higher than

about 50 ppm.

19. The process for producing a semiconductor
25 substrate according to claim 1, wherein the etching of
the porous silicon layer is conducted with a mixed

solution of hydrofluoric acid and an aqueous hydrogen



. .

- 22 - , about 20 m nutes. On the resulting porous

silicon layer 101, a monocrystalline silicon |ayer 102 was growi ~—~—
epitaxially in a thickness of 0.25 pm (Fig. 1B) by

deposition conditions bel ow - 36Gas enpl oyed ﬁ‘mﬁa‘\mnﬂmﬂ\\“\
Gas flow rate: 0.62/ 140 (L/ mn) Tenper at ur

850[err]C Pressure: 80 Torr 10 — Gowth rate:
0.12 pmMmn The resulting substrate was treated at 900[err]C

in a wat er vapor atnosphere to forman oxide film 103 of

0.
pm t hi ck (Fi g. PgEpxide solution at ¢nRydE8fLUQTifaREIxFANCRATEAbiPPat e and

15 anot her gparate red i nc

| bst 110 hayv
0.5-[err]moxi8 ??aniéﬁgﬁ fg & PFEC@ ?U ?3% £§¥?ego Biie g%?%ﬁﬁﬁd with a
cleaning system enployi ng an, 3¢ 4,30%:on.

5 20. The process for producing a semiconductor
substrate according to claim 1, wherein heat treatment
is conducted in a hydrogen atmosphere after the removal

by etching.



ammpni a, and dried by a spin drier. The treated faces of the

substrates were | am nated together to forma 20 | am nate (Fig. 1D).
The | am nate was heat-treated at 800[err] C for 6 hours.

After the heat treatnent, the 610- pm poBstZi en of the silicon
substrate 100 was polished by a surface pol i shing machine to bare
the porous silicon 101. 25 This substrate was then imersed into a

sel ective etching solution, and the porous portion 101 only was
entirely etched off by appllcatlon of ultrasonic wave

23 - ABSTRACT, HiEy DIUSELOSYRE: | ons belomr Sel ecti ve
et ching sol ution: . A gus TMAH sol ution
(24 ppm SA PEOFesse fiorg Prdycing 8 gef onduetor

substrate is provided which comprises providing a first
substrate made of silicon having a porous silicon layer
5 formed thereon by making porous the substrate silicon
and a nonporous monocrystalline silicon layer
epitaxially grown on the porous silicon layer,
laminating the first substrate onto a second substrate
in a state that at least one of lamination faces of the
10 first and the second substrates has a silicon oxide
layer and the nonporous monocrystalline silicon layer
is interposed between the laminated substrates, and
removing the porous silicon layer by etching, wherein
the porous silicon layer is removed by etching with an
15 etchant which etches the nonporous monocrystalline
silicon layer and the silicon oxide layer at respective

etching rates of not more than 10 angstroms per minute.
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t hereon and a nonocryst al
further thereon.
reduced by 10

Sigerr] etching rate:
resulting SO substrate had a silicon oxide

1 Amn or

i ne

ones which are prepared by etching the porous |ayer

solution of high SiQ2-etching rate.
2 is explained by reference to Figs.

(100) nonocrystalline sil
t hi ckness of 3
[err]cm

to a porous silicon |ayer

in the sane nanner as in Ex

silicon | ayer surface,

FIG.1B

FIG.1C

FIG.1D

FIG.AE
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Exanpl e 2
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con

a size of 4 inches,

| ess
filmof 0.6 pmthick
silicon filmof about 0.2 pmthick
The density of the voids in the SO filmwas
a factor of about 1/100 in conparison with conventi onal
with an etching
Exanpl e
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e layer of the silicon substrate was changed 20 -

A P-

2]1

T e TP

a nonocrystalline silic

01

I (Fig.

LT T T T T

103

AR AR AR AR \\X\\\\\\-

LT T T L]

A 101

—~— 100

100
101

ERRARRANRRRARARARENRY

102

103

S N N NN N NN NN S NN SN NN AN

104

~ 110

102

i~ 103

104

~—110

4A)
ffthe resulting porous

| aver 202 was grown
" {00 ?

THIS SHEET HAS BEEN
REPLACED

|




epitaxially in a thickness of 0.15 pmin the same 25 manner as in
Exanpl-e 1 (Fig. 4B). The resulting substrate was treated at
1000[err] C in a water vapor atnosphere to form an-oxide-film.203_
- 24 - of 0.1 pmthick (Fig. 40). The above

sur face-oxi di zed substrate 200 and anot her separgiﬁhﬁtiu@wl&gxaced
e

4-inch quartz substrate 210 were cl eaned, and th f

t he substrates 5 were bonded together to forma |am mmr
The | am nate was heat-treated at 180[err]C for 24 hours.

After the heat treatnent, the silicon substrate 200 of 280 pmthick
was etched with a m xture of hydrofluoric acid/nitric acid/acetic
acid (1:10:10) to 10 bare the porous silicon 201 on the surface.

FIG.2A

LI ITTITTITTT}~—101
100

FIG.2B FIG.2E
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FIG.2C FIG.2F
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FIG.2D FIG.2G
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Then the porous |ayer 201 was sel ectively etched with a m xture of

hydr of | uori c aci d/ hydr ogen peroxi de (1:300) (Fig.. 4E) at the etching
rates bel ow. Silicon etching rate: 3 Amin
Sigerr] etching rate: 6 AAmn or |ess m,sSheetmg,\Bgegglecédng
SO substrate had a nmonocrystalline silicon thin fi
[err]mthick thereon. The density of the voids in tmﬁﬂmmum
-reduced by a factor of about 1/100 in conparison with 20
- ones which are prepared by etching the porous |ayer with an etching
solution of high Sigerr]- etching rate. Exampl e 3
Exanple 3 is explained by reference to Figs. 25 5A- 5H. A
P-type (100) nonocrystalline silicon substrate 300 was enpl oyed

which had a thickness of 400 1§ QA

TTT T LT ~— 101
100

FIG.3B | FIG.3E

1103
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FIG.3C FIG.3F
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- 25 -
[err]cm

[errlm a s

ize of 5 inches,

t he same manner as in Example 1. 5

silicon | ayer surface,
t hi ckness of 0.5

The surface of the epitaxial
at 1000 Cin a water vapor
of 0.2 pmthick (Fig.
silicon.

pr epar ed synthef:c quartz su

an epitaxi al

| ayer 302 on the

On the res
| ayer 302 was ¢
pmin the sanme manner as in Exanpl

and a resistivity of . 0.01
The surface |ayer of the silicon substrate was changed
to a porous silicon layer 301 in a thickness of 20 pm

This ShelefHilag Besa REplichd

R TRA I

substrate was oxi di zed

activate the bonding surfac
condi ti ons bel ow

FIG.4B

FIG.4C

FIG.4D
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Gas flow rate: 70/ 6 (sccm Pressure: 30 (pa.)

20 . " RF output: 350 W Treatnent tine: 30
seconds The treated substrates were cleaned with

aqueous hydrogen peroxide solution, rinsed further with pure wat er,
and dried. The dried substrates were 25 bonded together (Fig. 5F) to
forma lamnate. The | am nate was pressed at a pressure of 70 tons
for 10 m nut es. - 26 -

Wthout heat treatment, the silicon substrate si de of the above
substrate | am nate was etched by an etching solution. In the
etching, the oxide film formed by thernmal oxidation covering the
silicon '

FIG.5A FIG.5F
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5 substrate was renoved by dilute hydrofluoric acid;~-and_..___ then the

substrate’lam nate was i Mmersed i nto an aqueous 2. 4% TVAH sdlutlon
and kept therein at 90[err]C for 5 hours. Thereb?]fmtf’dneetk:];,;;lﬁ{e

portion 300 of the silicon substrate side was ent

10 baring the porous |ayer 301. Succes rous
portion 301 was sel ectively etched by an aqueous -

sol ution at roomtenperature (Fig. 5G. The
nmonocrystalline silicon thin film302 15 formed on the quartz substrate
310 prepared through the above steps was subjected to patterning to
obtain an ' n tter i TE ggf-ﬁ)’iape and
arrangenent of aﬁrgcahﬁs yer L? EEISSJ,JEHJﬁ !JT 1 (Fig. 5H).
After the patterning, as the flrst step of 20 el ene f éaatlon t he
respective island regi ons were oxidized in an oxyg nosphere at
1000[err] C, and sinmulta 4 Thus an SO

substrate was produced which had a nonocrystalline

~—402
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silicon thin filmof about 0.4 [err]mthick on a 25 t ransparent
substrate.” No void was observed. Exanple 4 e —Exanple 4
i s explained by reference to Flgs -

6A- 6F. e (100) sili conrmsshet Haitbe SRR s
enployed whi ch had a thickness of 400 pn1 a size of 5 ‘F a
resistivity of 0.01 [errJcm The surface 5  layer of t

substrate was changed to a porous silicon layer 40171Tn a thickness
of 20 pm (Fig. 6A) in t he sane manner as in Exanple 1.
On the resulting porous silicon |layer surface, an epitaxial |ayer
402 was grown in a thickness of 0.5 10 pmin the sanme manner as in
Exanple 1 (Fig. 6B). : '
FIG.7A MR- 501
- 500
FIG.7B IIIIIHIHHHIIHIHﬂIHUlJH~502
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The surface of the epitaxial |layer 402 of the substrate was oxi di zed
(thermal Iy oxidized) at 900[err]Cin a water vapor atnosphere to
forman Siderr] film403 in a t hi ckness of 0.05 pm (Fig. 6C). 15"'
The resulting substrate 400 and anot her separ at el ymps@amggieegké
synthetic quartz substrate 410 were cl eaned, and t re
bonded together to forma lamnate (Fig. 6D) The q m

| am nate was heat-treated at 180[err]C for 24 hours. 20

above substrate | am nate was polished from the silicon substrate

si de by neans of surface polisher to |l eave 100 [err]mof the silicon
substrate (Fig. 6E). The polished matter was heat-treated at
300[err]C for 24 hours. Fluﬁ Ah The remai nder of the bul k
portion 400 was further pol @ e surface polisher to bare the
porous silicon portion 401.
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- 28 - Then the porous |ayer was sel ectively etched

wi th an aqueous 0.04% amoni a solution (Fig. 6F) at the ~etching
rates bel ow Silicon etching rate: 4 Al'm gy

Sigerr] etching rate: 1 AAmn or |ess This S et aefing
SO substrate had a thin nmonocrystalline silicon*f “,m, M t
0.4 [err]mthick thereon. The density of the voids

reduced by a factor of about 1/100 in conparison with 10 conventi onal
ones which are prepared by etching the porous |ayer with an etching
solution of high Si O2- etching rate. Exanpl e 5

Exanple 5 is explained by reference to Figs. 15 TA- TE. A
P-type (100) silicon substrate 500 was enpl oyed whi ch had a

t hi ckness of 300 [err]m a size of 4

FIG.9
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inches, and a resistivity of 0.01 [err]Jcm The surface ._...___layer of the

S|I|con substrate was changed to a porous 20 silicon Iayer 501 in a

t hi ckness of 20 [err]m (Fig. 7A) in the sanme nmannerThid ShebiH58a0R

On the resulting porous silicon |layer surface, an e

502 was grown in a thickness of 0.15 pmin the same ﬂﬂﬂm, ﬁiﬂ)
Exanple 1 (Fig. 7B). 25 The surface of the epit

of the substrate was thermal |y oxidized at 1000C in a water

vapor atnosphere to forman SiQ2 |layer 503 in a

- 29 - t hi ckness of 0.1 [err]m(Fig. 7C). Thereby the oxide film
portion had a thickness of 0.1 [err]m leaving 0.1 [err] m of t he
silicon nonocrystalline portion of the epitaxial | ayer.
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5 The surface of the epitaxial |layer 502 of the above

substrat& 500 and another separately prepared bare silicon substrate

510 were cleaned with an acid and agn al kali, and te=substrates were

| am nat ed together to forma lanmnate (Fig. 7D). TMP@AW@{ES}H«ET

| ami nate was anneal ed at 1000[err] C for 30 mi nutes. He
above substrate 500 having the epitaxial | ayer was %gggﬁ)fn m ¢h
.side reverse to the epitaxial |ayer by neans of a; sirf I

to bare the p0r19k§c§$é'1€<§§‘ PR HOEING EMIEGNDUCTOR

\y"4

porous | ayer 501 was selectively etched with a m Xture of

hydrof l uoric acid (49%, nitric acid (70%, acetic actH

water at a m xing ratio of 1:80:80:340 (Fig. 7E) at the etchlng

rates bel ow. 20 BACKGROUNB |QFC MHEE TNWENT ION e: 4 Amn

Sigerr] etching rate: 3 Almn The resulting SO

substrate had a Hidldhfotihde Invention Imof 0.1 [err]mthick thereon, and

- a nonocrystalline
5

The present invention relates to a process for
producing an SOI substrate which has an excellent
monocrystélline layer like a monocrystalline wafer on
an insulating material with uniformity and

controllability in production.

10 Related Background Art

Formation of a monocrystalline semiconductor
layer on an insulating material is well known as a
silicon-on-insulator technique (S0I). Many studies
have been made on the SOI technique because of many

15 advantages which cannot been achieved by a usual bulk
silicon substrate for silicon integrated circuits.

One example of recently reported SOIs is a so-
called "laminated SOI". This laminated SOI is produced
by contact-bonding of two wafers with the respective

20 mirror-polished faces having an insulation film on at
least one of the faces, heat-treatment to strengthen
the interface bonding, and polishing or etching of one
of the wafer to leave a silicon monocrystalline thin
film of a desired thickness (an active layer) on an

25 insulating film. In this technique of the laminated
SOI formation, the most important step is polishing or

etching of the silicon substrate into a thin film, in



silicon filmof 0.1 [err]mthick further thereon. The 25 density of the

voids in the SO was reduced by a factor of about 1/100 in

conpari son with conventional ones whi ch are prepared by etching the
porous |ayer with an 30 —

et ching solution of high Sigerr]-etchigg rate. REBLACEMENT SHEET
Exanple 6 is explained by reference o3 i §s. TA{7TE 5 A
P-type (100) silicon substrate 500 was enpl oyed [ thl',tﬁé P9

t hi ckness of 300 pm a size of 4 inches, and a fegistivity o? 0} OfL
[err]cm The surfa®@ROCESS FORaPRODUCINGESEMICONDUETDR! tjo a
por ous silicon layer 501 in a thickness of 20 pm (Fig. 7A) in 10

t he sane manner as T EXanmpre 1

ABSTRACT OF THE DISCLOSURE
A process for producing a semiconductor
substrate is provided which comprises providing a first
substrate ﬁéde of silicon having a porous silicon layer
5 formed thereon by making porous the substrate silicon
and a nonporous monocrystalline silicon layer
epitaxially grown on the porous silicon layer,
laminating the first substrate onto a second substrate
in a state that at least one of lamination faces of the
10 first and the second substrates has a silicon oxide
layer and the nonporous monocrystalline silicon layer
is interposed between the laminated substrates, and
removing the porous silicon layer by etching, wherein
the porous silicon layer is removed by etching with an
15 etchant which etches the nonporous monocfystalline
silicon layer and the siiicon oxide layer at respective

etching rates of not more than 10 angstroms per minute.



The resulting substrate was heat treated at 400C i n an oxygen

at nosphere for one hour to form an -extrenmely thin oxide filmon the
surface and on the pore walls of the porous silico E {EEVMT
Then the surface of the porous |ayer 501 was I mrer seg—+

solution to renove the oxide film from the outernopt] surface

porous silicon’layer 501 with theloxide filmon th poiZ & hkB I@Weft
unrenoved. Thereby, the porous nonocrystalline silicon 2 | ayer was
bared. Subsequently, the substrate was heat treated at 1000[err]C

i n a hydrogen atnosphere for 7 m nutes to bl ock the—petes-.at--thew..!

surface of the poFe'ﬂGe 1A} silicon layer. An epitaxi al silicon layer 502
was fornmed’t hi ckness of 0.15 [er (Fi1gb1 7B) by 25

i ntroduci ng di chl orosilane as FL | sktlad Hilngl lqakl 11 of 1 HL L~ W epi taxi al
silicon layer into the filmfofm ng chanber. The [surface of the
epitaxial silicon |ayer 502 Wa£ ™N_ 100
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- 31 -

and anot her non-oxi di zed silicon
acid and an alkali, 5
| am nate (Fig. 7D).
1000[err] C for 30 mi nutes.
t he epitaxi al
epi t axi al

the substrate 500 was renoved by
portion 501. Then
15 with a mxture of hydrof!luor
acetic acid (100%,
7E) at the etching rates bel ow

substrate 510 were cl eaned
and the substrates were bonde
The substrate | am nate was

thermally oxidized to forman oxide film503 (Fig. 7C).
The surface of the thermally oxidized film 503

of the above substrate

ah

| ayer was polished fromthe side rqv r <o 8thER
| ayer by neans of a surface polisher to |eave
portion thereof unpolished, and the renaining

unpol

etching to bare the_porous.sii een

iC

and water of a.mXxing ratio

nitric acid

t he Eorous | ayer was selectlvely et ched

(70%, -

of 1:80:80:340 (Fig.
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Silicon etching rate: 4 Almn Sigerr] etching rate:

3 Amn 20 The obtained SO substrate was heat-tre _a,L_.mm --------- '
1000C in a hydrogen atnosphere The resul ti

had a silicon oxide filmof 0.1 pmthick -thereon,

nmonocrystal l'i ne silicon filmof 0.1 pmthick furthe

25 density of the voids in the SO wa8 reduced by a facjol

about 1/200 in conparison with conventioral ones whi cf

by etching the porous layer with an et chi ng sol uti ol
Sigerr]-etching rate.

WHAT IS CLAIMVED | S: 1. A process for produci ng a
sem conduct or substrate conprﬁ@ §K| ding a first substrate made
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of silicon having a porous silicon |layer formed thereon 5 by maki ng
porous the substrate silicon and a nonporous nonocr odl o

Fayer epitaxially grown on the porous silicon |ayer Rﬁgbﬁmgﬁﬁféd$ggé
first substrate onto a second substrate in a state thpat at |east 63e

of | ami nation faces of the first and the second subpt| akdsFEB0I997hgs
a silicon oxide |layer and the nonporous 4 nonocrystal)ine silicon | ayer
is interposed between the | am nat edt substrates, andf renoving the _
porous silicon | ayer by etching, wherein the porouslsilicon |ayer isj
renoved by etchin AN etchant which etches the 15 nonpor ous ‘
nonocrystal |l i ne SF'\G)4%EI’ and the silicon oxi de | ayer at
respective etching rates of no . i oTTrTORLL@0 per minute.
2. The process for producing & ﬁjl ' LEUl HTLJITKH, B3t rate according to
claim1, wherein the porous silicon layer is formgg_qg anodi zati on.
200
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3. The process for producing a sem conductor - substrate according to
claim1, wherein the S|I|con 25 oxide layer is fornpd-an the first

substrat e. | - 38 - |REPLACEMENT SHEEF
The process for producing a senm conduct or subst r pt p—accorth-fg
claim3, wherein the silicon oxi de layer is forned %5gggénﬁb7

oxi dation of the surface of the egitaxially grow o 5
nonocrystalline silicon |ayer. -~ 5. The pricess_far
produci ng a sem conduct or substrate according toj claim3 or 4,
wherein the second substrate is a nonocrystalli ne-st+t++eof subffrﬂ*e.
10 6. The process for producing a sem conductor

substrate according to claim5, wherein the silicon
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oxi de layer is formed on the lamination face of the e -
substrate. 15 .7. The process for produci ngfa{sémly
substrate according to claimb5, wherein the |am nation
second substrate is constituted of nmonocrystal li ne [sifl izgn %&
8. The process for producing a sem conductor substfate accord| t
claim3 or 4, wherein the second gubstrate is a gl pss*

25 9. The process for producifig a sem conduct of_ substratef
according to claim1l1, wherein the silicon ~oxide layer |8 TOrmed—en '
t he second substrate.
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10. The process for producing a sem conductor substrat e accordi-ng—t-g
claim9, wherein the silicon oxi de -l ayer is formed BEPHAEMBNT SHEET
oxi dation of the nonocrystalline silicon substrate 5
11. The process for producing a sem conductor subs.ratE gggrﬁbyg t g
claim9, wherein the silicon oxi de |l ayer constitutgs]a éf
substrate. 10 12. The proc&ss for produci ng{alsenm conduct
substrate according to any of clains 9 te 11, wherein the | am nati on
face of the first substrate is the epi taxi al |l y gr owr—menporots
nonocrystalline silicon | ayer. 15 13. The process for
produci ng a sem conduct or substrate according to claim1l, wherein
t he nonporous nonocrystalline silicon |ayer is formed by epitaxial
grow h after the inner walls of the pores in the porous 501

il -
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éo | ayer is oxidized. 14. The process for producing a

sem conduct or substrate according-to claim13, wher 7 LRE :
nonocrystalline silicon layer is formed by epitaxial 25 %ggﬁﬁggﬁgﬁygﬁﬁ
porous |ayer is heat-treated in a hydr ogen at nospherie.
- 35 - 15. The process for producing a sejmjco2@ucEBriog7
substrate according to claim1, wherein 8he etching of t he porous

silicon layer is conducted with a m xed - etching sol ution conposed of
hydrofluoric acid and 5 aqueous hydrogen peroxi de. 16.

The process for producing a sem conduct or
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substrate according to claim1, wherein the etching of .....Ne _porous

silicon layer is conducted wwth a mxed 10 et chi ng sol uf Ry oﬁggé“f,@;ﬁf
hydr of | uori ¢ aci d, R“E;éﬁhlhﬁ§d§h£7y
17. The process for producing a sem conductor - substrpatp according t

claim1, wherein the etching of 15 the porous silicon |hyer<Zi&FEBn9g¢t dd

with an al kali or

18. The process for producing a sem conduttor substrfat e according toO
claim1l1, wherein the etching of 20 t he porous silicon |'eyesd.s_conducted

w th an aqueous
about 50 ppm

A4

nitric acid, and optionally aceti

an organic al kal 9 type etching solution.

TMAH sol ution of a concentration of not higher than
19. The process for producing a sem conduct or

25 substrate according to claim1, wherein the etching of t he

porous silicon layer is conducted with a m xed sol ution of

hydr of l uori ¢ acid and an aqueous hydrogen

ETCHING RATE (A /min)

FIG.9

103_

for SiO2

100

]
100 101 102 103 104

TMAH CONCENTRATION (%)



peroxi de solution at a hydrofluoric acid concentration f
BENAGS

AT
substr &t e
i s congluct edg FERA1997 T

than about 0.5%relative to the aqueous

5 20. The process for producing a sem conduct pr
according to claim1, wherein heat treatnent

hydr ogen at nosphere after the renoval
' 10

hydr ogen per

by et chi ng.
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