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SEMICONDUCTOR SUBSTRATE AND

FABRICATION METHOD FOR THE SAME

BACKGROUND OF THE INVENTION
5 Field of the Invention |
The present.inVention relates to a semiconduCtor

éubstfate, and to a method for its fabrication. More
particularly,.the presént invention pertains to ;“
semiconductor substrate that can be apﬁlied for

.iO | dielectric separation, or to an electronié device or an
integratéd circuit-fhat is fabricated on a éingle |
crystal semiconductbr layer on an insulator, and to a
" fabrication method for the semiconductor substrate._
Relafed Background Art

15 ' The formation of a single crystal Si semiconductor
layer on &an insulator constitutes a widely known
procedure that is called the silicon on an insulator
(SOI) technique. Manylstﬁdies of fhis technidue have
been performéd, since with a deﬁiée that utilizes the

'20°  SOI technique a number of ;upérior features ére made
évailable that can not be obtained using'the bulk Si -
substrateé with Which'normal-Si ihtegrated circuits are
fabricated. In this instance, therefore, by employing
the SO0I techniquelthe folloﬁing superior featurés are.

25 - provided: | |

1) Easy isdlation of dielectrics, and large-scale

integration“capabilitya

Sheet Has Been Re laced

HIl\I\\ (T
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2) Excellent radio resisténce capability.

3) Reduction in stray capacitance, and increased
speed.

4) Omission of Well prbcedu:e.

5) Latch-up prevention capability.

6) Provision of fully depleted type field effect

 transistor when film thickness is decreased. .

A method for forming the SOI structure that has

many advantageous device characteristics is described

in, for example, Special Issue: "Single-crystal

silicon on non—single.crystal insulators"; edited by

G.W. Cullen, Journal of Crystal Growth, Volume 63, No.

'3, pp. 429 to 590 (1983).:

A previons methqd.that hag studied is the one
called SOS (silicon on sapphiie);'which involves the
forming, by hetero epitaxial.growth; of Si oﬁ a éingle
crystal sapphire substrate using the CVD mefhod
(Chemical Vapor Deposition method). This method, the
most mature SOI technique, has been used successfully;
however, the applications for whicﬁ SOS'caﬁ be employéd

are-limited because of the occurrence of many crystal

_defects, due to the mismatching of lattices between the

su:faces of the Si layers and sapphire substrate

'underlayers; the infiltratién of Si layers by aluminum

from the sapphire substrates, and, especially, the . high

manufacturing costs for the substrates and the fact

~that the technique for incfeasing.substrate.dimensions'
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is still in the process of being developed. Recently,
therefore, attempts have been made to provide the SOI
structure without using a sapphire substrate. In

general, these attempts have been made by performing

~ one of the following two procedures.

1) After the surface of an Si, single crystal

substrate has been oxidized, a portion of the Si

substrate is exposed, and while that portion is used as
a seed, Si is epitaxially'and laterally grown.to form
an Si,_single'crystal layer on Si0, (in this case, the
procedure is accompanied by the depositing of an.Sll
layer on the S$i0,).

2) An Si, single crystal substrate is used as an
actlve ‘layer, and SiO2 is formed under the actlve layer
(here, the procedure is not accompanled by the
depositing of an Si layer).

Well known methods for'performing procedure 1)

are: a method whereby a single crystal layer Si is.

directly grown, epitaxially and laterally, by the CVD

method; a method whereby non-crystalline Si is

deposited and is epitaxially and'laterally grown in a

solid phase by thermal processing; a method whereby a

convergent energy beam, such as an electron beam or a

laser beam, is employed to irradiate'a non—crystalline .
or polycrystalllne Si layer and a s1ngle crystal layer
is grown on SlO by melting recrystalllzation, and a

method whereby a melted zone is scanned as a band_by a
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‘rod heater (zone melting and recrystailization). These

methods all have meritsland demerits, and as they all,
more or'lcss, have problems of control, broductivity,
uniformity and quality, no practical use of anf of them
has as yet been made. For example, with the CVD
method, where sacrificial oxidization is required tc
form a flat, thin film, the crystallization thaf it

provides in the_solid—phase growing method is not good.

'And as for the beam annealing method, shortcomings are

encountéred in the processing time that is required for
a convergent beam scan,'and with the contrcls for the

overlapping of beams 'and for fhe cdjustment of focus.

And'althcugh the zone melfing recrjstaliization method
is the mcst matﬁre and has:been used on an experimental'
basis for the manufacture of comparatively large
integrated circuits, Qith the méthod many crystal

defects occur, such as sub-crystal grain boundary

"defects, and the method is not yet practical for the

fabricaticn of minority carrier devices.
As for procedure 2), there are three methods by
which it can be performed. |

1) A method whereby an oxide film is formed on an

'Si'single crystal substrate, in the surface cf‘which a

-V-shaped_groove is anisotropically etched, and on the

oxide film is deposited a polycrystalline Si layer,
which is as thick as the Si substrate. The reverse

surface of the Si substrate is ground down, and formed
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on the:thicklpolycrystalline Si layer, and
circumscribed by'the V-shaped grooue, is an Si single
crystal zone that is dielectrically isolated. With
this method,'although crystallinity is preferable,

problems of control and productivity are encountered

while using the procedure for depositing a

polyorystalline Si layer of several hundred microns,
and while using the procedure by which the reverse
surface of the single crystal Si substrate is ground to
obtain the isolated active Si layer.

| '2) A -method called SIMOX (separation by ion |
implanted5oxygen), whereby an Si0O, layer is formed by
the implantation of oxygen ions into e_single crystal

Si substrate, is currently the most mature method

' because this method provides excellent matching with an

Si process. However, since 10*® ions/cm? oxygen ions
must be implanted to form an SiO, layer, and as a long'
time is required for the implantation process,

productivity is not.high. In addition, the SIMOX

wafers are expensive, and, furthermore, have a

comparatively large number of orystal defects. And as
for;industrial use, the quality of the final products
is inadequate'for the fabrication of mihority carrier
devices. |

'3) A method whereby an’ SOI structure is formed by

- dielectric separation, due to ox1datlon of porous si;

'one by which an N-type Si 1ayer is formed, 1n-the shape
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of an isiand, on the surface a P-type Si single crystal
substrate by the implantation of proton ions (Imai, et
al. "J. Crystal Growth", Vol. 63, 547 (1983)), or by

epitaxial growing and patterning, with only the P-type

Si substrate'béing changed and made porous by

‘anodization in an HF solution so that the Si island is

enclosed on the surface, and so that.the N-type Si
island is dielectricallf isolated by higher speed
oxidation. According to this method, the isolated si
region is determined before the device procedure is
performed, and thus the deQree of freedom fcr the
device desiﬁn is limited. |

| In Japanese Patent Application Laid-opeh No. 5-

21338 the present applicant proposed a new method to be

'used for resolving the above problems.

Wwith the method disclosed'in Japanese Patent
Application Laid-open No. 5-21338, which is a method
for the fabrication of a semiconductor member, a member'
is formed with a porous single-crystal semiconductor
region on which is positiqhed a non-porous single-
crystal semiconductor regicn; theu, another member, the
surface of which is an insulating material is bonded
to the surface of the non—porous single~-crystal
semiconductor'region; and finally, the. porous s1ng1e-
crystal semlconductor reglon is removed by etchlng.

. This method can be applied for the fabrlcatlon of

an SOI substrate, and is an eXcellent method by which



10 .

15

20

25

to selectively etch the porous single-crystal.
semiconductor region.and the hdn—pordus single-crystal
semiconduétor region to'qbtain an SOL éubstrate that
has, for examﬁlé, a si;icon active layer witﬁ é uniform
thickqess. -One exampie application of the SOI

subétrate of the method disclosed in Japanese Patent

' Application Laid-open No.'5—21338, primarily_includes a

procedure for altering a single-crystal silicon ‘
substrate to make'it porous; a proéedure'for
epitaxially g;owing a singié-crystal silicon on the
porous silidon.layéf;'a‘procedure for bonding an |
epitaxial silicon'film, which is formed on the porous
silicon layer, to another substrate by means of an
insu;ation layer:; ahd.a'procedure for removing thel-
porous silicon layer from the boﬁdéd substrate so -

as to leave tﬁé epitaxial silicon layer on the
insulation layer. | |

As can be understood from this example, the above

- described method provides excellent productivity,

uniformity, control and economical operation for the
forming, on an insulation layer, of an Si single-
crystal layer of which_crystallinity_is as excellent as

a single-crystal wafer with the reasons that, according,'

- to this method, a single-crysfal silicon layer (adtive

layer) that constitutes the SOI substrate can be formed

by a film formation technique such as the CVD method,

that the bonding procedure is perfbrmed,'and'thatlthe
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porous silicon layer is removed by selective etching of

the porous silicon layer in preference to the single-

crystal silicon layer (active layer).

The present inventors discussed the method_
disclosed in Japanese Patent Application Laid-open No.
5—21338 for further improvement, and-determined'that
the'manﬁfacturing costs can be feduced.' That is, the

method disclosed in Japanese Patent Applicétion Laid-

~open No. 5-21338 is performed excellently at a

laboratory level, and if;'with this method, the costs
can be further reduced for the_manuféctu:e of
semiconductor members in large.fécforiés, this method
can contribute more to industrial development.

From this point of view, the present inventors

discussed'the above method, and acquired knowledge that.

will enab;e manufacturing costs td be further lpwered
by taking into consideration the type of silicon
sﬁbstrate tbat is to.be altered and made poroﬁs.

The altering of silicpn (Si) td make it porous
will be explained. | | |

. An Si substrateiéan be altered and madelporous by

anodizatibn using an HF solution. .The porous Si layer
tends to.be formed in a P—type Si'layer rather thén an
N-type'Si layer for the folléwing reasons.

Porous Si was discovered_by Uhlir in 1956 while
studying.a process for the electrélytic grinding of a

semiconductor (A. Uhlir, Bell Syst. Tech. J., Vol. 35,
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333, (1956)).
.Unagami, et al. studied the dissolution reaction

of S§i during anodization, and reported that positive

_holes are necessary for the anode reaction of Si in the

_HF solution and that the reactions are as follows (T.

Unagami, J. Electrochem. Soc. Vol. 127,.476 (1980)).
Si + 2HF + (2-n)e’ » SiF, + 2H' + ne’
SiF, + 2HF - SiF, + H,
SiF, + 2HF - H,SiF;
or, | . .
"si-+ 4HF + (4-A)e’ 5 SiF, + 4H' + Ae

' SiF, + 2HF - H,SiF,

'where e’ and e~ respectively represent a positive hole'_'

and an electron, and n and A are respective poSitive

- hole counts that are.required to dissolve Sil atoms.

It is assumed that-When n>2o0r A>4is satisfied,
porous Si is formed; .

As a result, P-type Si that has positive holes
tends to become porous readily, while it ie difficult
to make N-type Si porous. The selection for the
altering of a porous.silicon substrate was proven by
Nagano, et alt, and by Imai (Nagano, Nakajima, Yasuno,
Onaka end Kajiwara, Electrohic communication society |
study report, Vol. 79, SSD79-9549 (1979)) and (K. Imai,
"Solid-state Electronics", Vol. 24, 159 (1981)).

From_dbsertatione made.ueing a transmission

electron microscope, while a porous7Si layer has peres
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' with an average diameter of several tens to several

hundreds of'angstroms, it is maintained as a single
crystal, and a single crystal Si layér can be
epitaxially grown atop the porous_layer. At 1000°C_or--
higher, however, interior poreé may be rearrangéd,.and
higher—Spéed etching may be_degfaded. For the
épitaxial grpwth of the Si layer, ldw-temperature
grbwth,.such as molecular beam epitaxial deposition,
plasma CVD,'dedompression CVD, bptical CVD, bias
sputtefing, or liquid pha#e epitaxy, is preferable.

" Since many gaps are fbrmed inside the pordus
layer,_thé dénéitf is reduced to half or less. As a
result, the éurface area is drastically increased, Qheq
cbmpa:ed with the volume,_apd'cqmpared with the normal

etching speed for a single crystal layer, the chemical'

etching speedIOf the layer is'substantially increased.

By utilizing the above described feature of porous
Si, a bonded wafer can be fabricated.by_the etch-back
ﬁethod, which is described in the previousiy deséribed
Japanese Patent Application Laid-open No. 5-21338.

~.Procedures'for providing a porous éilicon |

substrate.that is disclosed in Japanese Patent
Application Laid-open No. 5-21338 are listed'below:
(i) A P—type substfate is prepared and altéred so that
it'is porous. | o

(2) A 1ayer having a low—lmpurity density is formed on

‘a P- type substrate by a thln—film depos1t10n method
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such as epitaxial depositibn} and the P—fype substrate
portion is altered so that.it is porous.

(3) Ah N-type single crystal layer is formed by
implanted proton ioné into the surface of a P-type

substrate, and the P-type portion that remains is

‘altered so that it is porous.

In the methods shown in (1) through (3), a P-type

silicon subétrate is employedL In order to prodﬁce a

‘large quantity of uniformly porous silicon substrates

"in a large factory, a P-type silicon for which the

resistivity value is strictly adjusted must be used
because ano&ization is performed by utilizing the

anodic reaction of the silicon,'and a silicon substrate

‘for which the resistivity value is speéified is

comparatively expensive. If a silicon substrate can be

used regardless of its resistivity value, the
manufacturing cost of an SOI substrate can be further

reduced.

SUMMARY OF THE INVENTIdN
- It is thérefore one object of the present
invention.to provide a method, for fabriéation_of a
semigonductor substrate, that is obtained by.improving'
the method discloéed in'Japanese_Patént'Application
Léid-open No. 5-21338.
. It is another object of the present invention to

provide, a method, for -the fabrication of a
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: semiconddctor substrate, whereby the manufacturing

" costs for an.SOI substrate can be further reduced.

It is an additional object of the present
invention to provide, a method, for the fabrication of_
a Semiconductof_substrate, that is appropriate for the
manufacture of semiconductbr substrates in factories..

The above objects are achieved by the present
invention, which is deSigned as follows.

- According ta a first aspect of the present
inventidn, a metﬁod.for fabricéting a semiconductor
substrate comprises'tﬁe steps of :

| employing a diffusion method to diffuse, in a

silicon.subStrate, an element, which is capable of

controlling a conductive type, and to form a diffused

region;

forming a porous iayér in the diffused regién;

fdrming_a non-porous single crystal layér on the
porous layer;

bonding the non-porous single crystal'layer to a
base substrate; while an insulation layer is'provided
either on'a.surface to bé bonded of the non-porous
single'érfstal'layer of on a surface. to be bonded of
the basg substrate; and | |

- removing thé pOrﬁus'laye£. 

According to a second aspect of the present

linventioﬁ, a method for fabricating a semiconductor

substrate comprises the steps of: .
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employing a diffusion method to diffuse an
element, which is capable of controlling a conductive
type, in a first surface of a silicon substrate and in

a second surface on a reverse side of the first

-surface,'and to form a diffused region;

forming a porous layer in the diffused region that

_1s formed on the first surface;

forming a non-porous Single crystal layer on the
porous layer;

bonding the non-porous single crystal_layer and a
base substrate, while an insulation layer is provided
either on a surface to be bonded of the non-porous

s1ngle crystal layer or on a surface to be bonded of

the base substrate; and

removing the porous layer.

The above described objects are achieved by the
present invention as oonstituted above. 1In the present
invention, an element that can control a conductive |
type are diffused by a diffusion method to form a

diffused region, and a porous layer_is formed in the

region. Therefore, even when a silicon substrate for

which the resistivity value is strictly controlled is

not used, the silicon substrate can be so altered that

it is uniformly porous. In other words, a silicon

substrate having a low price and for which a
reSist1Vity value 1s not spec1f1ed can be employed.

Further according to a mode for forming a
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diffusion layer on both surfaces of a substrate, the

- bending that occurs during the forming of diffusion

layers can be reduced. As a result, a'satisfactbfy
bonding pfocedure can be performed, and the possibility
that bonded substrates will peel off is substantially

reduced.  Therefore, the acquired yieid of

semiconductor substrates is increased, and the

ménufacturing costs for the substrates can be reduced.
In addition, contact resistance that occurs when a

porous layer is formed by'anodization can_be_reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A through 1F are specific diagrams

‘illustrating one example of a method according to the

present invention for the fabrication of a
semiconducfor substrafe;

Figs. 2A throﬁgh 2H are specific diagrams
illustrating,another-gxample of thg method accordihg to
the présent invention for the fabrication of a
semiconductor substrate}

Figs. 3A through 3H are specific diagrams

illustrating an additional example of the method

according to the present invention for the fabrication

of a semiconductor substrate;
' Figs. 4A through 4F are specific diagrams
illustrating a further example of the method according

to the present invention for the fabricatibn of a
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semiconductor substrate:;
Figs. 5A through 5F are specific diagrams

illdstrating still another example of the method

according to the present invention for the fabrication

of a semiconductor substrate;

'Fig. 6 is a'séecific diagram illust:ating one
example of a diffﬁsion procedu;é that can.be applied
for the present invention; and

Figs. 7A and 7B are specific diagrams illustrating

a method for fbrmihg a porous silicon layer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A method according to the present invention for

' fabricating a semiconductor substrate is as previously

described. The most distinctive feature of the
fabrication method of the present invention is that,
after a diffused region is formed in a silicon
substfate by aldiffusion method, a porous layer is
formed in the diffused region. Based on this feature,

the present invention will be described in detaii while

referring to.Figs. 1A through 1F.

Example 1&

figs. 1A through 1F arelspecific diagrams
illustrating one exampie of the method of the present
inﬁéntion_for'the fabficatidh of a semiconductor
substrate. First, an element_fhaf control conduction

are diffused in a single crystal silicon substrate
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(silicon wafer) 100 by using a diffusion method (Fig.
1a). |

lIn the present invention, a.diffusion layer hé&ing
a density at whiéh_it will easily become porous is

formed in a sirigle crystal silicon substrate by using a

- diffusion method. Even if a comparatively expensive

single crystal silicon substrate for which the

‘resistance is strictly controlled is not employed,-a

steady process for alterihg'a silicon substrate and
make it porous can be performed, while a'difference
between silicon substrates is reduced.

In the.present invention, an element that can

control a conductive type and that is to be diffused

into a siliCon'substrate by the diffusion metﬁod are
those that are generally used with the semiconductor
fabricating process technique and, for example, those

shown in Table 1.

Table 1. Elements which can cohtrol conductive type

. Conductive Type Elements
n : ' " P, As, Sb
o] . B

It is preferable that because of manufacturing
costs a diffusion method be adopted whereby elements

that can control a Cbnductive'type'are thermally
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diffused in a silicon substrate. Examples of such a

method are shown in Table 2.

Table 2. Element diffusion method

Diffusion Method Diffusion Source Furnace
|Tube Opening Method| POCl,, BN, PH, | Diffusion
| | Furhace
Slusher Coating Glass Diffusion
' Furnace
Doped Film Use Doped Oxide (CVDPSG). | Diffusion
Doped poly Si . Furnace
Tube Closing Method| As (Solid), BCl,, PH, | Diffusion
| | ' Capsule _ Fufhgce

In the preSeht in?ention, a porous layer is formed
in the diffﬁsed region. 'The_pdrous layer can be formed
more easily in a P-type diffused region than in an N-
type diffused region. ‘Based on this, the technique fdr
diffusing B (boron) is as shown in Table 3, for

example;
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Table 3. Boron diffusion technique

Gas Source B.H,
"Liquid Source. BBr,
Sol id Sburce - B0,
Solid - Solid QVD.Film, BSG, Spin ééated Film
Diffusion |

Also according to the technique shown in Table 3,

 basically, an element that is sﬁpplied from a source is

diffused into a silicon substrate by hsing a thgrméi
process in a "furnace".
For example, a diffusion method using a spin
coated film is pérformed as follows. L
A mixture coﬁsisting of an organic binder and a
solvent containing with B,0, is evenly coated on a
silicon substrate (siiicon wafer) by using a spinner.

Thereafter, the silicon substrate is dried and annealed

to form a B,0, film thereon. Then, the resultant

silicon substrate is placed in a furnace'Shown in Fig.
6 and boron (B) is diffused by using a thermal process.-

In Fig. 6, reference numeral 301 denotes a furnace and

- 302 denotes a sﬁsceptor. A B;g film is coated on one

of the surfaces of a silicon substrate 100. A thermal
process is performed on the silicon substrate 100 by
the device shown in Fig. 6 -at 900°C to 1300°C, and

boron (B) is diffused into the silicon substrate 100.
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In this case, a diffused region is formed not only in

the face whereon the B,0;, film is deposited but also in
the reverse face by using, as a source, a B,0, film that

is formed on another, adjacent silicon substrate. It

is very convenient for a diffusion layer to be formed

on both surfaces of a silicon substrate because the

resistance when in contact with an HF solutioh can be

'reduced in a pofous formation by anodization.

In the present invention, while taking into
consideration the porohs formation process and the
characteristicS'of_an epitaxial film, which is formed

on a porbus'silicon layer, the concentration of the

"element that can control a conductive type and that are

* contained in a diffused regien generally falls within a

range_bf 5.0 x.10“/cmﬁlto 5.0 x 10®°/cm®, or preferably,
a range of 1.0 x 10ﬁ/cmﬁ to 2.0 x iom/cnﬁ, and most
preferably, within a range of 5.0 x 10/cm® to
1.0 x 10®/cm®. |

The thickness of the diffused region that is
formed with the present iﬂVention can be controlled by
adjusting the temperature and the period pf time fer

the heating. The thickness of the diffusion layer is

‘generally 100 A or greater, or preferably, 500 A or

greater, and most preferably, 5000 A or greater.

However, since the'porous formation proceSs that is to

be performed after the formation of the diffused region

'advandes easily over the diffused region, the diffused
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region that is formed is not always thick.

Although, in Fig. 1A, a diffusion layer 101 is

" formed on only one surface of the silicon substrate

100,'the diffusion layer 101 can be, formed on both
surfaces of the s111con substrate 100.

Basically, for the present 1nvent10n any type of

~single crystal s1licon substrate (silicon wafer) can be

adopted as a silicon substrate on which a dlffu51on

layer is formed. However, when the purpose is the

fabrication of a semiconductor substrate at a low cost,

. it is preferable that there be employed a comparatively

inexpensive silicon substrate, for which a resistance
is not designated; a”monitor wafer, which is employed
for an IC process; or a.sofCalled reproduced wafer,'the.
surface of which is so polished that the wafer can be
used again in an IC process;

In this invention, a porous layer is formed after
the diffusion layer_is formed.

A non-porous single crystal silicon substrate
(silicon wafer) can be alteredlto make it porous by

anodizatlon. The obtalned porous silicon 1ayer has

ymultlple pores with an average dlameter of about 50 A

‘to 300 A and maintains single crystal structure.

Referring to Fig. 1B, a porous layer 200 is formed

in the dlffus1on layer 101. ' The entire diffusion layer

'101 may be altered to make it porous, or as is shown in

F1g. 1B, a part of_the diffusion layer 101 may be
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émitted from the process} 'The_entiré diffusion layer
101 and one part of the silicon substrate 100 may be
altered so thaf they are porous.

The thickness for the porous formation need be
only about 5 pm to 20 um of the surface layer on one
side of.the'substiate. The entiré.silicoh'substrate_
100 may be anodized.l

The method for forming a porous silicon 1ayer will

' now be described while referring to Figs. 7A and 7B. A

substrate 600, on which a diffusion layer is formed, is

placéd-in a dévice shown in Fig. 7A. More '

: specificali&, the face of the substrate 600 on whibh

the diffusion layer ié formed contacts a fluoride
solution 604 wherein is positioned a negative electrode
606. The other side of the substrate 600 contacts a

positive metal electrode 605. For ahother setup, as is

shown in Fig. 7B, a positive electrode 605' may also

acquire an electric potehtial via a'solution 604°'.
Enriched fluoride (49% HF) is'generally used as the

fluoride solution 604. It is not advisable for a

~ solution to be diluted with pure water (H,0) because

etching occurs at a specific—concentration of the

" solution, depending_on thé“strength of the current that

flows through it. When bubbles are generated at the
surface'pf the substrate 600 durihg the anodization,

alcohol can be added as a surfactant in order to

‘efficiently remove the-bubbles. Such alcphol cah be
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methanol, ethanol, propanol or isopropanol. .Further, a
stirring device may be used instead of a surfactsnt to
stir a solution for anodization. The negative
electrode.606 is formed'of'a material, such as gold
(Au) or platinum (Pt), that results corrosion in a
fluoride solution. The p051tive electrode 605 is
formed of a common metal_material. Since the fluorlde
solution 604 reaches the positive electrode 605 when
anodization: for the substrate 600 has been_completed,'a
metal film that resists corrosion_in a fluoride
solution should elso'he coated on the surface of the
positive electrode 605. The maximum strength of a

current for anodization is several hundreds of mA/cm?,

_ and the minimum can be any strength except zero. This

current strength is determlned for a range w1th1n which
epitaxial growth of good quality 1s.avallable on “the
surface of the porous silicon substrate. Normally;

with a large current strength, the speed of anodization

- is increased, and at the same time the density of the

porous silicon layer ls'reducedt In other words, the
1nternal volume of the pores is increased. The
condltlon of the ep1tax1al growth is therefore varled.
In the present 1nventlon, whlle taklng the
characterlstics of an epltaxlal layer and the
manufacturlng costs 1nto account, the poros1ty (pore
volume/(remalnlng s111con volume + pore volume)) of the-

porous.silicon layer_is'generalIY.SO% or less, falling
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_ preferabl? in a range of 1% to 40%, and most preferébly

in a range of 5% to 30%.

A non-porous single crystal silicon layer'loz is
epitaxially grown on the thus.formed pbrous layer 10l
(Fig. 1C). To form the siﬁgle crystal semiconductor
layer 102 on the'porous layer 101, a'éommon epitaxial
crystal growing method, suéh_as the CvVD (Chemiqailvapor
Deposition) method, the MBE (Molecular Beam Epitéxy)
method or the bias.sputteriné method, can be adopted.

Theh, an insulatién layer 103 is formed on the
surface of the epitaxial laYér 102'(Fig, 1D). The‘
insulation layer 103 can be formed of a deposited film
(e.g., Si0, film or Sign film) using the CVD method, or
can be formed by thermal oxidation of the surface of
the épitaxial layer 102. Tﬁe formation of the |
insulatidp layer 103 on fhe epitaxial layer 102.is'so
effective for the next procedure, for'direétly bondihg
the epitax;al layer 102 with é base subsfrate; that it
is possible to reduce the instability of the property
of a thin film device, which is caused bj the
segregation of impurities on the bdnded surfaces and by
the frequént oécufrehce_of dapgling bonds of the atoms
on1the éurfaces,'both of.thesé phenomena tending to
occur during the bonding'proéedﬁre;

The3procedhre.fof forming the Si0, film 103_on'the
epitaxiél layer 102_is not a required procedure. If a

device is so designed that the above phenomena do not



10

15

20

25

- 24 -

.become problems, this procedure may be omitted.
Although the S$iO, layer 103 serves as an insulation
layer for an SOI.Substrate, the insulation layer must
be forﬁed oh at leaSt.one surface of one of the |
substrates that are to be bonded, and there are various
modes for forming the.insuiation'layer._ The insulation |
layer is not limited to an SiO, layer.

When oxidation is peffo;med, an oxidé £ilm need
only.be thick enough hot to be.affected by
contamination from air that is absorbed by the bonded
surface. '_ | |

Prepared separatély from the substrate 100 that
has an epitaxial face of which fhe surface is oxidized
is'a sﬁbstrate 110 that.has an Sioz layer 104 théreoh
and that serves és'a,base substrate. The base layer
110 is a silicon subsfrate, the surface of which is
oxidized (including by thermal 6xidation), é substrate
of quartz glass; a substrate of crystallized glass, or
an arbitrary substrate on which S$i0, is deposited. A
silicon substréte_on whiéh,fhe Si0, layer 104 has not
been formed can also be employed.

Thé two prépared substrates are washed and boﬁded
togethér (Fig. 1E). The waéhing process for them is
performed in consonance with a procedure that is used
for washing ordinéry_semiconductor substrates (e.g.;'
before oxidation)._ |

By applying pressure to the surfaces of the
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substrates when they are bonded together, the bonding
strength can be increaséd. |

A thermal process is pefformed on"the bonded
substrates fo increase the_bonding'strength. Although '
heating at a high temperaturé ié preferaﬁle, with a
tempéfature that_is'excessively high, the_constitution

of the porous layer 101 may be altered, and impurities

. that are contained in the substrates may be diffﬁsed to

the epitaxial layer; Thus a temperature and a period

of time must be selected for the heating that ensure

- these phenomena do not occur. Specifically, 600°C to

1100°C is prefefable. A'tﬁermal process, however, can
not be performed for some substratgs. For examplé, the
base subsﬁraté 110 composed of Quartz glass can be
heated'only to 200°C or iowér because a coefficient of
the the:mal.expansion for'quartz differs from that of
silicon: When the heating temperature exceeds 200°C,
the boﬁded substrates are péeled awéy from each other

by stress or they are broken. It should be noted,

‘however, that the thermal process need dnly provide

sufficient strength to resist the stress that occurs

during the grinding_or the etching of the bulk silicon

'100, which is performed'af the following procedure.

Therefore, if the'conditioh for processing the surface

‘for activation is optimized, the thermal process can

even be performed at a temperature of 200°C or lower.

Then, the silicon substrate 100 and the porous
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layer 200 are removed while the epitaxial iayer 102 is

retained (Fig. 1F). In this manner, the SOI substrate

.can be obtained. If the entire silicon substrate 100

has been altered to make it porous, the rembval of the'
silicon sﬁbstrate is not required.

AéCording to the present invention, etéhing can
preferably bg_employéd to‘selectivelylremove a porous
1a§ér. An etching agent is, for example, an ordinary
Si etching solution, hydrqgen flupride for selective.
etdhing of porous Si, a mixture consisting of hydrogen
fluoride and, at the least, either alcohol 6r_hydrqgen
peroxidé, buffered hydrogen fluoride, 6r a mixture
consisting.of buffered hydrogen fluoride and, at the

least, either alcohol or hydrogen peroxide. Since the

~porous Si layer has a large surface area, it can be

selectively etched even with an ordinary Si etching'
solution.

Although the layer 102 is regarded'as an epitaxial

" silicon layer in the example shown in Figs. 1A through

1F, the layer 102 can be formed of a single crystal

compound semiconductor, Suéh_as the II-VI.family or
III-V family, and such a compound semiconductor layer
can be laminated over the epitaxial layef;

:i In addition, the following prddedures caﬁ be added_
to the above explaiﬁed procedureé.
(i)_ Peroxidation of the interior.walls of'porés in.a

porous layer
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The walls between adjacent ﬁores in a porous layér
are'very thin, severai nm to séverai fené of nm. .In
thé process during which the porous layer is heated at
a highltemperature;_e.g,, in the process for forming aﬁ
epitaxial silicon layer or in-the'process for thel |
thermal treatment of the bonded substrates, pore wails.
become cohesive and rough and close pores, and as a
result, the etching speed is reduced. A thin oxide
film is therefore deposited on the pbre'walis after'the
poroué layer is formed in order to prevent the pore
walls from becoming'rdUgh. However, since-it is
neceésary for a non-porous single drystal.silicon layer
to be epitaxially Qrown on the pprous layer; only_the

surface of the interior walls of the pores in the

' porous layer must be oxidized, so that the inside.of

the pore walls a single crystalline structure is”

maintained. It is preferable that an oxide film be

 several A to several tens of A. An oxide film having

that thickness is formed by heating'process_in an'
okygen atmosphere at a feﬁperature of 200°C to'700°C,-
prefe:ably 250°C to SOOEC;
(2) Hydrbgen baking brocess

The present inventdrs stated in European Patent

Publication No. EP 553852 A2 that minute roughness is

removed from a silicon surface by heating the surface

in a hydrogen atmosphere, and as a result a very smooth

silicon surface can be acquired.'_Baking in a hydrogen
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atmosphere can be also applied for the present
invention. The hydrogen baking process can be
performed, for example( after the porous silicon layer
is formed and before the epitaxial silicon layer is
formed, and can also be performed on an:SOI substrate
that is obtained after the porous silicon layer is

removed by etching. In the hydrogen baking process

‘that is performed before the formation of the epltaxlal

' silicon layer, a phenomenon occurs whereby the

outermost surfaces of the pores_aresclosed by the
migration of silicon atoms, which constitute the
surface of a porous silicon layer. When the formation
of the epitaxial silicon surface is performed while the
outermost surfaces of the pores are closed,_the;
obtained epitaxial silicon 1ayer'has fewer crystal
defects. In the hydrogen baking process that is
performed after the porous.si}icon layer is removed by
etching, the surface of the epitaxial'silicon.layer
Wthh is more or less rough as a result of etching, is
smoothed and boron in a clean room that is inevitably

absorbed by the bonded surfaces durlng the bonding

process can be evaporated.

One'example of the method of the present invention
for fabricating a semiconductor substrate has been

explained while referrlng to Figs. 1a through 1F. The

-other examples where structures of members to be bonded

differ will now be explalned.
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Example 2:

An example showh in Figs. 2A through 2H will be

explained. The same reference numerals as are used in

'Figs. 1A through 1F are also used in Figs. 2A through
2H to denote corresponding or identical components.

-Although, in the example shown in Figs. 1A through 1F,

the insulation layers'(SiOi layers) 103 and 104 are
formed on the respéctive surfaces of the two substrétes

that are to be bonded together, the insulation layer

(e.g., S10,) is not always formed on both surfaces, and

.'need only be formed on at least one surface. In this

example are shown a structure (Fig. 2D) wherein the

surface of an épitakial siliconllayer 1102 (Fig. 2C),

which is deposited on a porous silicon layer 200, is
bonded to the surface of an insulation film 1104 (e.g.,
an oxide film), which is formed on.a silicon subsfrate
1110; and the structure (Fig; 2G) where the surface of
the insulation film'1103'(Fig. 2?) (e.g.; an oxide film
forméd by thermal oxidatién), which is formed on the

epitaxial silicon 1ayer'11Q2, is bonded to the silicon

'substrate 1110, the surface of which is not oxidized.

Iﬁ this ekample, the other procédures can be'pgrformed
in thg'same.manner as is shown in Figs. 1A through 1F.
Example 3: | |

An example shown in Figs. 3A through 3H will ndw
be e#plained. The sahe refefehde nﬁmerals as are used

in Figs. 1A through 1F are also used to denote
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corresponding or identical components. The feature'of
this example is that a glass material,'such_as quartz
glasé or green glass, is used for a substrate 1210
(Figs. 3D and 3G), which is to be bonded to a subétrate

100 (Figs. 3C and'3F) on which is an epitaxial silicon

film 101. In this example are shown a mode (Fig. 3D)
where the epitaxial silicon layer 1102 (Fig. SC) is

 bonded to_thé glass substrate 1216,_and a mode (Fig.

3F) where the insulation film 1103 (e.g., an oxide film
obtained by thermal oxidation), which is formed on the
epitaxial silicon layer 1102, is bonded to the glass

subétrate 1210. In this example, the other'p:ocedures

'can be performed in the same manner as is shown in

Figs. 1A through 1F.

An example for'forming_a diffusion layer on both

'sides of a single crystal silicon substrate will be

explaingd;
Example 4:
| This examblelwill be explained while-referripg to
Figs. 4A through 4F'and.5A through 5F.
In this example, first, a diffusion iayer.(e.g., a

+P-type layer) 101 is formed on a first surface of a

'single crystal silicon Substrate 100, and on a second

surface that is located on the reverse side'(Fig. 4A7).
Then, the diffusion layer 101 on one side is
altered and made porous to provide a porous 1aYer'200

(Fig.'4B). The porous layer 200 may be provided by
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altering the entire region of the diffusion layer 101
to make it, or by maintaining the diffusion layer 101

when it is altered and is made porous, as is shown in

Fig. 4B. Sequentially, a single Crysfal semiconductor

layer 102 is formed on the porbus'layer 200 (Fig. 4C).
The single crystal semiconductor layer 102 can be
formed of siliéon; and can'also be formed of a'cqmpound
semiconductor material, such és'the Ii-VI familf or the
III-V_family. The surface of the single crystal |
semiconductor layer 102 is bohded to a base substrate
300 (Fig. 4D). The base substrate 300 may.be provided
by forming‘an insﬁlatibn layer 104 on a_silicon
substrate 110, or may be fo:mgd.of'a sole.transmiséioﬁ
glass substfate, a_non-transmission sole insulétion_
member, or a lamination of them. In short, the base
substrate 300 need only be a substrate on the'sﬁrface
of which is formed an insulation material. The
specific bonding'means_emplofed is anode bonding,
préssurization, heating, or a coﬁbination of them...The.'
diffusion layer 101, the silicon substrate 100 and the-
porous layer 200 are removed from the resultant bonded

stfucture (Fig. 4E). For ‘this removal, not only a

mechanical method such as grinding but alsb a chemical

method such as etching can be adopted.:

‘The same reference numerals as are used in Figs.

4A through 4F are also used in Figs. 5A through 5F to

denote corresponding or identical components, and no
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detaiied explanation for them will be given. An

example shown in Figs..SA through SF differs from_thel
exanple shown in Figs. 4A through 4F only in that, in
Fig. 5D, anlinsulation layer 1b3 is formed on a single

crystal semiconductor layer 102 and the insulation

layer 103 is bonded with a base substrate 300. 1In this

example, the base substrate 300 can be a sole silicon

substrate or a'soie glass substrate, or a structure
wherein a filmhor a substrate are iaminated on such a
substrate.- |

'In this example, a diffusion layer can-be formed

in the same manner as is eXplained while referring to

Figs. 1A through 1F. ' In addition, the various

procedures described 1n the example wherein a diffusion
layer is formed on one side of a silicon substrate. can
be adopted in this exanple.

This example, wherein diffusion layers are formed
on both sides of the substrate, provides"effects for
reducing contact res1stance at the time anodization is
performed and for reducing bending at the time of |
formation of diffusion layers are formed.

The'preferred_embodiments of the present invention
will now be described in detail. The present
invention; however;_is not limited to these

embodiments.

_(First Embodiment)

A single crystal Si substrate the res1stance of
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which was not specified, was prepared. A P* high-

density layer of 5 um was formed on a first surface of

~the silicon substrate by using a diffusion method.

The formation of the P* high-density layer by using
the diffusion method was.performed as follows. A
solvent in uhich B,0, was contained was coated on the
main surface of the Sl substrate by u51ng spin coatlng.
Then the substrate was annealed at 140°C and the
solvent was evaporated. The resultant structure was
placed in a d1ffus1on furnace for six hours while the
temperature of the core tube of the furnace was
maintained at 1200°C. So—called drive-in was performed
on the substrate to form a P’ high—density layeru

: The Si substrate on whlch was formed the P* high-
den51ty layer was 1mmersed in an HF solution. The
first_surface was anodized and a porous layer was
formed on the first surface.  The conditions for the
anodization were:
Current density: 7'(mA-¢@4)
Anodization solution: HF:H,0:C,H,0H = 1:1:1

. Time: 11 (min) |

_Thickness of porous Si: 12 (um);

-Then ox1datlon of the substrate on whlch the
porous 1ayer was formed was performed for one hour in

an oxygen atmosphere at a temperature of 400°C.

- Through oxidation; the interior walls of the pores of

the porous Si layer were covered with a thermal oxide
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film. Sequentially, a single crystal Si layer of 0.2
um was epitaxially grown on the porous Si layer by

using the CVD (Chemical Vapor Deposition) method. The

' conditions for the growth were:

Source gas: SiH,Cl,/H,

Gas flow rate:' 0.5/180 (1/min)

Gas pressgre: 80.(Torr)

Temperature: 950.(fC)

Growfh speed: 0.3 (pm/min).

An SiO, layer of 50 nm was formed on thé surface of
the epitaxial Si layer by thermal oxidation.

| The surface of thelSioi layer and the surface of a

sécbnd Si subsérate, on which aﬂ Sio, iayer of 500 nm
was formed, were:exacfly aligned and brought it into
contact, an@ the fesultant structure was bonded by
heating it for two hours at a temperature of 900°C. As
a result, the bonded substraté could be acqui¥ed.

.-_ The surface of the bonded substrate oﬁ.which the P*
layer was formed was_ground to remgﬁe the P* layer and
thé non-porous'single crystal Si region, so that the
poroﬁs Si layer was fully exposed.

_Theﬁ;'the exposed pofous Si laYer waé selectively

etched by using a solution of 49% hydrdgen fluoride and

'30% peroxide. No etching of the single crystal Si

layer occurred; And while_the Single crystal'Si 1ayer
was used as an etching stopper, the porous Si layer was

completely removed by selective etching.
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The etching sbeed for the non-porous Si single
crystal relative to the etchihg'solhtion was extremely
low. A ratio of this speed to the selective etching
spsed for the porous layer was five powers of ten or
greafer,.and the amount of etching performed on the
non-porous lafer was so smail (several nm) that it
could be practically disregarded.
| ' Thrdujh the seriss-éf the procedures, the single
crysfal Si layer of 0.2'pm'was formed_on.the Si oxide
film, and a so—called'SOI substrste could be acéuired.
When ‘the cross section of the SOI substrate was
observed by using a transmission electron microscope,
it was confirmed fhat no new crysfsl.dsfeCts were
intfoduced into the single'crystal Si layer, and a

preferable crystal structure was maintained.

'(Sesond Embodiment)

A spin coating film of B,0; was depdsited on the.

- obverse and the reverse surfaces of an Si substrate,

and a diffused regibn was formed. An SOI substrate was
fabricated is the saﬁe manner as was one'in the firsf
embodiment. When the sbtained'SOI substrste was
6bserved.in the same manner as in the first_embodiment,
it was confirmed that the single crystal Si thin film'
was'of good quality and had extremely few crYstal |
defects.

(Third Embodiment)

Spih'coafingtfilms were formed'on Si substrates by _
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using a paste that was acquired by adding an organic

binder and a solvent to B,0,, and ten of the Si

. substrates were arranged in a diffusion furnace to form

.diffused regions thereon. Except for the number of

substrates, the same processes were performed as were

performed to fabricate,an’SOI substrate in the first

~embodiment.

In this'embodiment, diffusion layers were formed
on both sides of the silicon substrates by the vaporous

diffusion of the B,0, films on adjacent silicon

substrates. It was confirmed ‘that the SOI substrates

‘obtained in this embodiment were also of good quality

and had extremely few crystal defects.
(Fourth Embodiment) | |

| A single crystal Si substrate, the resistance of
which was not spec1fied was prepared. By using'a

diffusion method, a P’ high density layer of 5 pm was

. formed on the first surface and on the reverse surface

of the silicon substrate.

The formation of the.P‘ high-density layers by
using the diffusion methodIWas performed as follows.
The Si substrate was placed in a furnace core tube and.

bubbling was induced bylintroducing N, gas into a liquid

diffusion source that contained BBr,. The vaporized

. material was 1ntroduced 1nto the furnace core tube With

a carrier gas (N, + 0,). A B,,O3 1ayer was formed by

maintaining the temperature of ‘the furnace core tube at
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1050°C for one hour. Then, while'the'temperaturé of

the core tube of the furnace was maintained at 1200°C,

'a so-called drive-in was performed on the substrate to

form P* high-density'iayers.

The'Si-substrate'on'which were formed the P* high-
density layers was immeréed in an HF solution. The
first surfacé was anbdized, and a porous layer was
formed thereon. The_conditions for the anodization
were:

Cﬁrreht.denéity: 7 (mAecm™?) |

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

Time: .11 (min) |

Thickness of éoroué Si: 12 (um).

Then, oxidation of theISubstrate,lon which the -
porous ‘layer was formed, was perfbrmed for one hour in
an oxygen afmosphere at a temperature of 4OC°C.
Through the oxidation, the interior walls of the pores

of the porous Si layer were covered with thermal oxide

film. Sequentially, a single crystal Si layer of 0.2

pm was epitaxially grown on the pordus Si Iayer by
using the CVD (Chemical Vapor Déposition) method. The
conditioné for the groﬁth were: | |

Source gas: SiH,Cl1,/H,

Gas flow rate: 0.5/180 (1/min)

Gas preséureﬁ' 80 (Torr)

Temperature:  950 (°C)

Growth speed: 0.3 (pm/min).
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An SiO, layer of 50 nm was formed on the surface of
the epitaxial Si layer by thermal oxidation.

The surface of the SiO, layef and the surface of a
second Si substrate, on which an Si0, layer of 500 nm

was forﬁed, were exacfly aligned and brought into

"contact, and the resultant structure was bonded by

heating it for two hours at a temperature of 900°Cf' As
a result, the bonded substrate could be acquired.

The surface of the bonded substrate on which the P*

layer was formed was gfbund to remove the P' layer and
‘the non-porous singlé drystal Si region, so that the

' porous Si layer was fully exposed.

Then, the expoged porous Si layer was selectively
etched by using a solution 6f 49% hydrogen fluoride énd'
30% péroxide. No etching of the'single crystal.Si
layer occut:ed. And while the single crystal Si layer
was used as an étching stopper, khe porous Si layer was
completely removed by éeleétive étching.' |

The etchiné speed fo;‘the non-porous Si single
crystal relative to.the etching solution ﬁés extremely
low. A ratio of this:speed to the selective etching
épeed'fof the porous layér was five powers of ten or
greater, and the amount of etching performed on the

non¥porous layer was so Small (séveral nm) that it

" could be-practicélly disrégarded.

Through the.séries of procedures, the single .

crystal Si layer of 0.2 pm'was formed on the Si oxide
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film, and a so-called SOI substrate could be acquired.
When the cross section of the SOI substrate was
observed by using an transmission electron microscope,

it was confirmed that no new crystal defects were

" introduced into the 51ngle crystal Si layer, and that a

preferable crystal structure was maintained.
In this embodiment, s1nce the P' layer was formed
on both'sides of the substrate, contact resistance

could be reduced at the time of the formation of the

porous layer, and the bending that accompanied the

formation of the P* layer could also be reduced. As a

result, the substrates could be bonded_extremely stably

and the SOI substrate could be acquired.

(Fifth Embodiment)

In this embodiment a fabrication process for a

'semiconductor substrate was performed in the same

manner as was the one in the fourth embodiment except

for the changed oonditions described in (i) through

(4ii).

(i) The conditions for the_anodisation were:
Current density: 5 (mAecm™?)
Anodization solution: HFiH;hCJgoh = 1:1:1
.Time: 12 (min) | | N
Thickness of porous Si: 10_(pm).
(ii) AISingle crystal GaAs”layer_of.l pm was
epitaxially grown on the porous Si layer by using the

MOCVD (Metal Organic Chemical'Vapor Deposition) method.
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The conditions for the growth were:
Source gas: TMG/AsH,/H,
Gas pressufe:. 80 (Torr)
Temperature: 700 (°C)
.(iii) The surface of the GaAs layer and the surface of'

another Si substrate, on which an Sioz 1éyer of 500 nm

‘was formed, were exactly aligned and were brought into

c¢contact, and the resultant structure was bonded by

_heating it for two hours at temperature of 700°C..

- In this manner, a substrate cculd be acquired
where the!single_crystal'GaAs layer of 1 pm was formed
on the Si oxide film. ' When the cross section of the

obtained substrate was obserﬁed by using a transmission

electron microscope, it was confirmed that no new

crystal defects were introduced into the single crystal

‘GaAs layer, and that a preferablé crystal structure was

maintained.
In this embodiment, also, bending in consonance

with the formation of a P* layer could be reduced and

- the SOI substrate could be fabricated.extremely stably. -

(Sixth Embodiment)

A fabricatiqn brocess_for an SOI substrate was
perférmed in the same manner as was the one in the
fourth embodiment, except.fof fhe changed conditions

described in (i) and (ii).

(i) The conditions for the anodization were:

Current density: 5 (mAecm?)
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Anodization solution: HFHQO:CJ%OH'% 1:1:1

Time: 12 (min) _

Thickness of porous Si: 10 (pm).

(ii) A single cfystal Si layer of 0.2 um was
epitaxially grown 6n the porous Si layer by using the
CVD (Chemical Vapor Deposition)'method. The conditions
for the growth were: _ |

‘Source gas: SiHJHQ)Hz

Gas flow rate: 0.25/230 (1/min)

-Gas'pressure: 760 (Torr)

Temperature: .1040 (°C)

Growth speed: 0.14 (pm/min)

An SOI substrate was.vauirgd whereof the single
brysta; Si.layer of 0.2 pm was fofmed on the-Si oxide
film; | | |

Wheh fhe cross sectioﬁ of the obtained éubstrafe
was observed by using a transmission electron
microséope, it was confirmed that no new crystal
defects were introduced infq the single crystal Si
layer, and that a preferabie crystal structure was
maintained. | |
(Seventh ﬁmbodimenf)

A fabrication method for a semiconductor substrate
was performed in the same manné: as was the one in thé

fourth embodiment, except for the changed conditions

“described in (i) through (iv).

(i) The'thickness of a P' high-density layer'that was
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formed by a diffusion method was 10 pm.

(ii) The conaitions for the anbdization Wefe:
Current density: 5 (oncmé)_
Anodizatioh_solution:_ HF:H,0:C,H,OH = 1:1:1
Time: ‘12 (min)

Thickness of porous Si: 10 (pm)..

(iii) A single cryétal Si layer of 0.2 pym was

epitaxially grown on the porous Si layer by usiné thé

CVD_(ChemiCal'Vapoi Deposition) method.' The conditions

for the growth were: | |
Source gas: SiH,Cl,/H, |
Gas flow rate: 0.4/230 (1/min)

Gas pressure: 80 (Torr)
Temperature: 909'(°C)

Growth speed: 9,13 (pm/minf_

"(iv) When an SiOé layer of 50 nm was formed on the

surface of the epitaxial'Si iayer by thermal oxidation,
the surface of the Si0; layer and the surface of a
quartz substrate that was séparately-prepared were
aligned, and the substrates were bonded together by
alternately performing thin film foimation'and”a |
thermal §rocess_(at the highest temperatﬁre §f 400°¢).

In this,manhef, a semiconductor substrate could be

' acquired where a single crystél Si layér of 0.2 ym was

' formed on the Si oxide film.

When the cross section of the obtained substrate

was observed by using a transmission electron
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miCroscqpe,_it was confirmed that no new crystal
defects were introduced into the single crystal Si
layer, énd thaf a preferable crystal struéture was
maintained. |

(Eighth Embodiment)

A semiconductor substrate was fébridated in the
same manner as was the one in.the fifth embodimeht,'
exdépt that the'surface_of a éaAs 1éyer and the surface
bf'a quartz #ubstrate that wés separately prepared were
aligned,_and.the.substféfes were bonded together by

altérnately performing a thin film formation and a

thermal process (at a highest temperature of 400°C);
' In this embodiment, as in the fifth embodiment, a -

substrate on which an excellent crystalline

semicondﬁctor layer was proﬁided'cou;d be adquiféd.
(Ninth Embodiment)

A fabrication method for a semiconductor substrate
was performed in the.same manner as was the one in the
fourth embédiment, except for the changed conditions
described in (i)_and (ii). .

(i). Thé conditions for the énodization.weréi

Currént density: 5 (mAecm?)

Anodization soiut_ion: ' HF:_}IZO:CZHSOH = 1:1:1

Time: 12 (min) ' |

Thickness of poroué Si: 10 (pm).

(ii) Wwhen an Si0, layer of 50 nm was formed on the

surface of the epitaxial Si layer by'theimal oxidation,’



10

15

20

25

- 44 -

the surface of the SiO, layer and thelsurface of a
quartz substrate that was separately prepared were
aligned, and-fhe subsfrates were bonded.together by
alternately §erforming a thin film formation and a
thermal process (at a highest tempefatu:e of 400?C).
In this embodimént, as in the fourth embodimenf, a
substrate on which an excellent crystalline
semiconductor.léyér was provided could be aQQdiféd;
{Tenth Embodimént)

A fabrication method for a semiconductor substrate
was performed_in.the same manner as was the one in the
fou:fh embodiment,.except for the changed conditions
described in (i) through (iii).i |

(1) A reproduced single crystal Si substrate was

‘employed.

(ii) The thickness of a P* high-density layer that was
formed by a diffusion method was 10 pm.
(iii) A single crystal si layer of 0.2 pym was
epitaxially grown on a porous Si layer by uSing the CﬁD
(Chemical Vapor Depbsition)-method. The conditions for :
the. growth were:
Soufée gas: 'SiHJHQ/HZ
- Gas flow rété: 0.25/230 (l/min):
‘Gas pressufe: _760 (foir)
Temperature: 1040 (°C)
Growth speed: .6.14 (pm/min)

In this embodiment, as in the fourth embodiment, a
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substrate on which an excellent crystalline
semiconductor layer was provided could be acquired.
(Eleventh Embodiment)

A fabrication process for a semiconductor

'~ substrate was performed in the same manner as was the

one in the fifth embddimeﬁf, exgept that a feproduced
single crystal Si sgbstrate ﬁas employed.and thaf a P’
high—dehsify layer was formed thereon. In this
embodiment, as in the fifth embodiment, a substrate on
which an excellent crystalline semiconductor layer was
provided coﬁld be acquired.

({Twelfth Embodiment)

A fabrication process for a semiconductor

substrate was performed in the same manner as was the

one in the sixth embodiment, except that a reproduced

single crystal Si substrate was employed and that a P’

high-deqsity layer was formed thereon. In this
embodiment, as in the éixth embodiment, a substrate on

which an excellent crystalline semiconductor layer was

'provided could be acquired.

(Thirteenth Embodiment)

A fabrication process for a semiconductor

substrate was performed in the same manner as was the

one in the ninth embodiment, exéept that a reproduced
single crystal Si substrate was employed and that a P*.
high-density layer was formed thereon. In this |

embodiment,'as in the_hinth.embodiment, a substrate on
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" which an excellent crystalline semiconductor layer was

provided could be ac@uired.
(Fourteenth Embodiment)

‘A fabrication process for a semiconductor
substrate was performed in the,same manner as was the

one in the'eighth embodiment, except that a reproduced

1 single crystal Si substrate was employed and that a P

high-density laYer was formed thereon. In this
embodiment, as in the eighth embodiment, a substrate on
which an excellent crystalline semiconductor layer was
provided could be vauired.
(Fifteenth ﬁmbodiment) |

The conditions for forming a single crystal Sl
layer on a porous Sl layer by the CVD ({Chemical Vapor
Deposition) were set as follows:

Source gas: SiHZC12 /H,

‘Gas flow rate: 0.25/230 (1/min)

Gas.pressure: 760 (Torr)

Temperature: 1040 (°C)

Growth speed: 0. 14 (um/min)

) Except for these conditions, a fabrication process
for a semiconductor_substrate was perforﬁed in the same
manner as was the one in the thirteenth embodiment. In
this embodiment as in the thirteenth embodiment a .
substrate on which an excellent crystalline
semiconouctor layer was prOVlded could_be acquired.

(Sixteehth Embodiment) .
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A fabrication process for an SOI substrate was

performed in the same manner as was the one in the

" fourth embodiment, except that instead of forming an

Si0, layer on the surface of an epitaxial Si layer, the

epitaxial Si layer was bonded to another Si substrate
on Wthh an SioO, layer was formed. In this embodiment
also, an excellent crystalline SOI substrate could be

acquired.

' (Seventeenth Embodiment)

A fabrication process for an SOI substrate was
performed in the same manner as.was the one in the
fourth embodiment, except'that an Sin layer, which was
formed by thermally oxidiiing an epitaxial Si layer,
was bonded to another Si substrate on whicb an Sio,

layer was not formed. In this embodiment also, an

'excellent crystalline SOI substrate could be acquired.

(Eighteenth Embodiment)
(1) First, a P.+ diffusion layer was formed in a

silicon wafer by using the method shown in the first

embodiment.

(2) In a solution where 49% HF'and ether alcohol
were mixed at a ratio of 2:1, the s111con wafer was
positioned as an anode and a'platinum disk of 5-inch

diameter was positioned as a cathode, opposite the

silicon wafer. The reverse surface of the silicon .

wafer was coated so as not to be conductive with the

platinum via the solution, while the side and the end
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surfaces of the silicon wafer were coated so that the

entire obverse surface became conductive with the
platinum via the solution. A current of 10 mA/cmF_was
supplied for 9 minutes between the silicon wafer and
the platinum. As a result the silicon wafer was
anodlzed and a porous silicon layer of 12 pym was formed

on the obverse surface. The wafer on which the porous

layer was formed was extracted from the solution and

thexporosity was measured. fhe porosity was about 20%.
- (3) Subsequently; for one hour oxidation of the

wafer, on which the porous silicon layer was formed

was performed in an oxygen atmosphere at a temperature

of.400°c. Since only_an oxide £ilm of approximately 50

_A or less was formed during the oxidation process, an

silicon oxide film was formed only on the'surfaoe of
the porous silicon layer and the side walls of the

pores, and a single crystal silicon region was

" maintained intermally.

(4) 'The wafer was immersed for 30 seconds'in.an

HF solution that was diluted to 1.25%, and was then

washed to remove the extremely thin silicon oxide £ilm

that had been formed on the porous surface.

(5) The wafer was placed in a CVD growth . furnace,

and the thermal processes were continuously performed'

under the following conditionst
a) Temperature: 1120 (°C)

 Pressure: 80 (Torr)
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Gas: H2; 230 (i/min)
Time: 7.5 (min)
b) Temperature: 900 (°C)
Pressure: 80 (Torr)
Gas: H2/SiH,Cl,; 230/0.4 (1/min)

Through the oxidation processing; a single crystal
silicon layer of about 0.29 pm was formed.

(6) The wafer was exposed at 900°C in an
atmosphere wherein onygen and hydrogen were mixed, and
the single crystal silicon layer was oxidized to form
silicon oxide film of 200 nm.

(7) The resultant wafer and a second Si wafer

. were washed with a medical solution_that is used in a

common semioonductor fabrication process. The wafers

- were then dipped in a diluted HF solution for a final

medical washing, rinsed with pure water, and dried.
Then,'the surfaces of the two wafers were slowly
aligned brought into contact and bonded together.
Following this, a thermal process was performed on the'
resultant structure at a'temperature of 1180°C, 5 min.

(8) Then, the reverse face of the ‘wafer on which

‘a porous silicon 1ayer was formed was ground and the

porous Silicon layer was exposed across the entire

surface of the substrate. The wafer was then immersed
for two hours in a solution of HF and th. The.porous
s1licon layer was removed by etching, and an epitaxial

siLicon_layer of approximately 0.2 ym was formed on theni
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second substrate via the silicon oxide film.

(9) A thermal process was performed 6n'this

‘substrate for four hours at a temperature of 1100°C in

a 100% hydrogen atmosphére.
(10) When the surface of the epitaxial silicon

1ayet was thoroughly obsé:ved by using a mearski

‘differential interference opticai microscope, it was

- confirmed that an SOI substrate that had extremeiy few

crystél defects was acduired.'
(Nineteenth Embbdiment&'

‘In_the same manner as in the first embodiment, a
spin'coating film was formed on a first surface of a

single crystal'Si substrate, followed by baking. The

resulting wafer was then_placed in a furnace core tube

to form a diffusion layer on the reverse surface of the
substrate in the same manner as in the foufth
embodimgnt. Subsequenfly, the same proceses as in the -
fourth embodimént were'performed to fabriCaté.an SoI
substrate. The obtained SOI structure ﬁad a good

crystallinity.
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WHAT IS CLAIMED IS:

1. A method for fabricating a semiconductor

‘substrate comprising the steps of:

employing a diffusion method to diffuse, in a

silicon substrate, an element, which is capable of .

controlling a conductive type, and to form a diffused

region;
| forming a perous layer in said diffused regidn;

forming a noh-poious single crystal layer on said

porous layer; | |
bonding said non-porous single crystal'layer'to a

base substrate, while an insulation layer is provided

éither on a surface to be bonded of said non-porous

single crYétal laYer or on a surface to be bonded of

said base substrate; and o

removing said porous layer.

2. A method for fabricating a semiconductor

.substrate according to claim 1,'wherein_said element

~ that is capable of controlling said conductive type is

an element that is capable of controlling a conductive

N-type siiicon.

3. A method for fabricating a_semicondﬁctor
substrate according to claim 2, wherein said element
that is.capable of controlling said conductive-type is

selected from a group consisting of P, As and Sb.
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4. A methbd for fabricating a semiconductor
substrate according to claim'l, wherein said elément
that is capable of controlling said conductive type is
an element that is capable of controllingla.conductive

P-type of silicon.

5. A method for fabricating a semiCondugtpr

subsfrate'according to ciaim_4,'wherein said element

‘that is capable of controlling said conduCtive'type is

B.

6. _A_method_for fabricating a semiconductor

substrate according to claim 1, wherein said diffusion

'methqd is'a process for thermally diffusing said_

element in a silicon substrate.

7. A method for fabricating a semiconductor

‘substrate according t6 claim 5, wherein said element

that is capable of controlling said conductive type is '

supplied while a gas is used as a source.

8. A method for fabricating a semiconductor

substrate according to claim 7, wherein said gas is

' B,H,.

9. A method for fabricating a semiconductor

substrate according to claim 5, wherein'said'element
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that is capable of controlling said conductive type is

supplied while a liquid is used as a source.

10. A method for fabricating a semiconductor
substrate according to claim 9, wherein said liquid is

BBr,.

11. A method for fabricating a semiconductor
substrate according to claim 5, wherein said element
that is capable of controlling said conductive type is

supplied while a solid is used as a source.

12. A method for fabricating a semiconductor
substrate according to claim 11, wherein said solid is

B203 -

-13. A method for fabricating a semiconductor
substrate accordihg to claim 5, wherein said element
that is capable of controlling said conductive type is

supplied from a solid material formed on said silicon

. substrate.

14. A method for fabricating a semiconductor

substrafe according to claim 13, wherein said solid

- material .is selected from CVD film, BSG and spin coated

film.
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15. A method.forlfabricéting.a semiconductor
substrate according to claim 1, wherein a concentration
of said element that is capable of.controlling said
conduqtive type'and that is contained in said diffusion
layer is so adjusted that said concentfation lies

withih a ra'n_ge of from 5.0 x 10*/cm® to 5.0 x 10%°/cm®.

i16. A method for fabricéting a semiconductor
substrate according to claim 15, wherein said |
céncentration of said element that is capable of
controlling said conductive type and that is contained
in said diffusion iayer is so adjusted that said
céncehtrétion lies within a ranée of from 1.0 x 10*"/cm®

to 2.0 x 10%/cm’.

17. A method for fabricating a semiconductor
substrate according to claim 16, wherein said

concentration of said element that is capable of

controlling said conductive type and that is contained

in said diffusion layer is so adjusted that said
concentration lies within a range of from 5.0 x 10”/cm3_

to 1.0 x 10%/cm’.

18. A method for fabricating a semiconductor
substrate according to claim 1, wherein a thickness of

said diffusion layer is 500 A or greater.
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19. A method for fabricating a semiconductor
substrate according to claim 1, wherein porosity of
said porous layer is so controlled that said poroSity

is 50% or lower.

20. A method for fabricating a semiconductor
substrate according to claim 19, wherein said porosity

of said porous 1ayer is so controlled that said .

dporosity lies in a range of from 1% to 40%.

21. A method for fabricating a semiconductor
substrate according to claim 20, wherein said porosity

of said porous layer is so controlled that said

*

‘porosity lies in a range of from 5% to 30%.

22. A method for fabricating a'semiconductor
substrate according to claim 1, wherein said non-porous

single crystal layer is a single crystal Si layer.

23. A method for fabricating a semiconductor

substrate according to claim 1, wherein said non-porous

single crystal layer is a single crystai compound

semiconductor layer.-

24. A method for fabricating a semiconductor

:subStrate according to claim 22, wherein said

~insulation layer is selected from a group comprising a’
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_thermal oxide film, a deposited SiO, film and a

deposited Si;N, £ilm.

25. A method for fabricating a semiconductor
substrate according to claim 24, wherein said
insulation layer is formed on a side of said non—porbus

single crystal layer.

26. A method for -fabricating a semiconductor

substrate according_to claim 24, wherein said

. insulation layer is formed by thermally oxidizing a

surface of Said'single_crystal silicon layef.

27. A method for'fabricating a semiconductor
substrate accordiﬂg to claim 1, wherein said base

substrate is a single crystal silicon SUbstréte.

28. A method for fabricating a semiconductor
substrate according to cléim 27, wherein an oxide layer

is formed on a face of said base substrate that is to

be bondedf

29. A method for’fabricating a semiconductor
substrate_accofding to claim 27, wherein said face of

said base substrate that is to be bdnded is formed of

Single_crystal silicon.
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30. A method for fabricating a semiconductor
substrate according to claim 1, wherein said base

substrate is made of glass.

5 31. A method for fabricating a semiconductor
substrate according to claim 24, wherein said
insulation layer is formed on a side of said base

support.

10 ' 32. A method for fabricating a semiconductor
subétrate according fo'élaim 31, whetein said
insulation layer is formed by thermally_oxidizing a

single crystal silicon substrate.

15 _ 33. A method for fabricating a semiconductor.
substrate according to claim 31, wherein said

insulation layer constitutes a_glass'suberate.

34. A method for fabricating'a semiconduétdr
20 substrate according to claim 31, wherein bonding is
performed without said inéulation layer being formed on'

said non-porous siﬁgle crystal layer.

'35. A method_for fabricéfing a semiconductor
25 _substrate according to claim 22, wherein said non-
porous silicon layer is formed by epitaxial growth

after interior walls of pores of said porous layer are
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oxidized.

36.. A method for fabriCating a semiconductor
substrate according to claim 35, wherein said non-

porous silicon layer is formed by epitaxial growth

- after a thermal process is,performed on said porous

layer in a hydrogen atmosphere.

- © 37. A method for fabricating a semiconductor

substrate according tofclaim 1, wherein said porous

1a§er is removed by using hydrogen fluoride, a mixture

of hydrogen fluoride and, at least, either alcohol or

- hydrogen peroxide, buffered hydrogen fluoride, or a

mixtﬁre of buffered hydrogen fluoride and, at least,

either alcohol or hydrogen peroxide.

38. A method for fabriceting a semiconductor
substrate according to claim 1, wherein a thermal
process is performed in a hydrogen atmosphere after

said porous layer is removed.

39._'A'method for fabricating a semiconductor

substrate comprising.the steps of:

employing a diffusion mefhod-to diffuse an

element, which is dapable of controlling a conductive

' type, in a first surface of ‘a silicon substrate and in

a second surface on a reverse side of said first
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surface, and to form a diffused region}
forming a porous layer in said diffused region
that is formed on said first surface;
forming a non-porous single crystal layer on said
5 . porous layer;
bonding said.nonfporous singlé crystal layer and a
base substraté,.while an insulation 1ayei is provided
either on a sufface to be bonded of said non-porous
single crystal léyer or on a surface to be bonded of
10  said base substrate; and

removing said porous layer.

40. A method for fabricating a semiconductor
substrate accordiné_to claim 39, wherein said element
15 that is capable of controlling said cbnductive type is
an elemént'that is capable of dontrolling a conductive.

N-type silicon.

41. A method for fabricating a semiconductor
20 substrate according to claim 40, wherein said element
‘that is capable of controlling said conductive type is

- selected from a group consisting of P, As énd Sb.

42. A method for fabridatingfalsemicbnductor
25 substrate acCording'tq claim 39,'Wherein said elément,
that is capéble of controlling said conductive type is.

an élemeﬁt fhat is capable of cOntrqlling a conductive
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P—type of silicon.

43. A method for fabricating a semiconductor
éubstrate according to claim 42, wherein said element
5 that is capable of controlling said conductive type is

B.

44. A method for fabricating a semiconductor
substrate_éccording to-ciaim 39, wherein said diffusion
10 method is a process for thermally diffusing said

element in a silicon substrate.

45. A method for fabricating a semiconductor
substrate according to claim 43, whérein'said elemént
15 that is capable of controlling said conductive type is

supplied while a gas is used as a source.

46. A method for fabricating a semiconductor

substrate according'to claim 45, wherein said gaé'is'

20 B,H,.

47. A method for fabricating a semiconductor
substrate according to claim 43, wherein said eiement:
that is_capable of contrblling said conductive type is

25 - supplied while a liquid is used as a source.

48. A method for fabricating a semiconductor
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substrate according to claim 47, wherein said liquid is

BBr,.

49. A method for fabricating a Semiconductor
substrate according to claim 43, wherein said element.
that is capable of controlling said conductive type is

eupplied while a solid is used as a source.

~50. A method for fabricating a semiconductor
substrate according to claim 49, wherein said solid is

B,0;.

51. A method for fabricating a semiconductor
subétrate.according to claim 43, wherein said element
that is capable of controlling said conductive type is
supplied from a solid material formed on said 31licon

substrate.

52. A method for fabricating a semiconductor
substrate according'to claim 51, wherein said solid
material is selected from CVD film, BSG and spin coated

£ilm.

53§ A method for fabricating a semiconductor

 substrate according to claim 39, wherein a -

concentration of said element that is capable of

controlling said conductive type and that.is contained
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in said diffusion layer is so adjusted that said
concentration lies within a range of from 5.0 x 10%¢/cm’

to 5.0 x 10*°/cm’.

54. A ﬁethod for fabricating a semiconductor
substrate according to clalm 53 wherein said
concentration of said element that is capable of
controlling said conductlve_type and that is contained
in said diffusion layer is so adjusted that said

concentration lies within a range of from 1.0 x 10Y/cm?

to 2.0 x 10%°/cmd.

55. A method for fabricating a semiconductor'

substrate according to claim 54, wherein said

" concentration of said element that is capable of )

cohtrolling said conduc¢tive type and that is contained

in said diffusion layer is so adjusted that said
concentration lies within a range of from 5.0 x 10'/cm’

to 1.0 x 10%/cm’.
56. A method for fabricating a semiconductor .
substrate according to .claim 39, wherein a thickness of

said diffusion layer is 500 A'or greater.

57. A method for fabricating a semiconductor =

_substrate accordlng to claim 39 wherein poros1ty of

said porous 1ayer is so controlled that sald porosity



_\\

gy

- 63 -

is 50% or lower.

58. A method for fabricating a semiconductor
substrate according to claim 57, wherein said porosity
5 of said porous layer is so controlled that sald

por031ty lles in a range of from 1% to 40%.

59. A method for fabricating a semiconductor
substrate according to claim 58, wherein said porosity
- 10 ‘of said porous laYsr is so controlled that said

porosity lies in a range of from 5% to 30%.

60. A method for_fabricating a semiconductor
substrate according to claim 39, wherein said non-
_15_ porous single crystal layer is a single crystal Si

layer.

61. A methbd for fabricatiﬁg a semiconductor
substrate according'to'claim_39, wherein said non-
20 = porous single'crystal layer is a single crystal

compound semiconductor layer.

62. A method.for fabrigating a semiconductor
substrate according to claim 60,jwherein said
25 | insulation layer is_selected.from a group comprising a
| thermél'oxide film, a deposited sio, film ahd a

deposited Si,N, film.
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63. A method for fabricating'a semiconductor
substrate according to claim 62, wherein said

insulation layer is formed on a side of said non-porous

" single crystal layer.

'64. A method for fabricating a semiconductor
substrate according to claim 62,'wherein said
insulation layer is_forméd by thermally oxidizing a

surface of‘said single crystal silicon layer.

65. A method for fabricating a semiconductof

substrate according to claim 39,. wherein said base

substrate is a single crystal silicon substrate.

. 66. A 'method for fabricating a semicdnddctor_

_ Substraté according to claim 65, wherein an oxide layer

is formed on a face of said base substrate that is to

be bonded.

67. A method for fabricating a semiconductor
substrate according to claim 65, wherein said face of
said base'substrate that is to be bonded is formed of

single crystal éilicon.

68. ‘A method for fabricating a semiconductor

substrate according to claim 39, wherein said base

substrate is made of glass.
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69. A 'method for fabricating a semiconductor
substrate according to claim 62, wherein said
insulation layer is formed on a side of said base

support.

70. A method for fabricéting a semiconductor
substrate according to claim 69, wherein said
insulation iayer is formed by thermally oxidizing a
single crystal siliéon'substrate;

10 .
71. A method fbr fabricating a semiconductor
‘'substrate according to ciaim'69, wherein said

insulation layer constitutes a glass substrate.

15 ' " 72. A method for fabricating a semiconductor
‘substrate according to claim 69, wherein bonding is
performed without said insulation layer being formed on

said non-porous single crystal layer.

20 73. A method for fabricating a semiconductor
subétrafe éccording'to claim 60, wherein said non-
porous silicon layer is formed by epitaxial growth
after interior wélls of poies of said porous iayer-are
oxidized. . o |

25 |

74. .A method for fabricating a semicondUctdr

substrate according to claim 73, wherein said non-
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porous silicon layer is formed by epitaxial growth

~after a thermal process is performed on said porous

‘layer in a hydrogen atmosphere.

75. .A method for fabricating a semiconductor
substrate according tolclaim 39 wherein said porous
1ayer is removed by uSing hydrogen fluoride, a mixture
of hydrogen fluoride and at least, either alcohol or
hydrogen perox1de buffered hydrogen fluoride, or a
mixture of buffered hydrogen fluoride and, at least,

either alcohol or hydrogen peroxide.

76. A method for fabricating a semiconductor
substrate according to claim 39, wherein a thermal
process is performed in a hydrogen atmosphere after

said porous layer is removed.

77. A method for fabricating a semiconductor

_substrate according to claim 39, wherein a plurality of

silicon substrates, each of which has said solid
material formed on said first surface, are arranged and
heated in a furnace to form said diffused region on

said first surface and'on said second surface of;each

of said plurality of substrates.

78. A semiconductor substrate acquired by a

method according to one. of claims 1 through 77.



