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TITLE OF THE INVENTION
SUBSTRATE PROCESSING METHOD AND APPARATUS AND

SOI SUBSTRATE

BACKGROUND OF THE INVENTION

The present invention relates to a substrate processing
method and apparatus for mainly mass-producing SOI
substrates having uniform quality and, more specifically,
forming porous silicon used to manufacture SOI substrates,
and an SOI substrate.

Porous silicon was found by A. Uhlir and D.R. Turner
who were studying electropolishing of single-crystal silicon
biased to a positive potential in an aqueous solution of
hydrofluoric acid (to be abbreviated as “fluoric acid"
hereinafter).

Later, to exploit the excellent reactivity of porous
silicon, application to element isolation in which a thick

insulating structure need be formed in manufacturing a

" silicon integrated circuit was examined, anda full isolation

technology using a porous silicon oxide film (FIPOS: Full

Isolation by Porous Oxidized Silicon) was developed (K. Imai,

Solid State Electron 24, 159, 1981). fThis is the first
example of application of porous silicon to the SOI (Silicon
On Insulator) technology.

Recently, an applied technology to direct bonding in

e

This Sheet Has Been R,

T



foun1ng porous silicon used to manufacture SO substrates, and an SO

substrate. Porous silicon was found by A Uhlir and D.R Turner
who were studying el ectropolishing of single-crystal silicon bi ased to
a positive potential in an aqueous sol ution of hydrofluoric acid (to be
abbreviated as "fluoric acid" herei nafter). Later, to exploit
the excellent reactivity of porous silicon, application to el enent

i solation in which a thick i nsulating structure need be fornmed in

manuf acturing a silicon integrated circuit was exam ned, anda ful

I sol ation technol o usin par 5|Iicon oxide film FIPCS Ful
| sol ation by P@ﬂSBsaCﬁgﬁ? é§¥QQ§%%$ ¥eHé¥§PHbéH1€Kp°FﬂH silicagy) g

State El ectron is the fi r%é%ngke of application

of porous sil?HéﬁtFéthés 3??§|% %céh amdfphous’ subst

single-crystal silicon substrate via an oxide film has been
developed (Japanese Patent Laid-Open No. 5-21338).

5 Details of this technology will be described below.
First, a first substrate is etched in an electrolytic
solution represented by HF solution to form a porous silicon
layer on the surface of the substrate. A single-crystal
silicon film is epitaxially grown on the porous silicon layer.

10 This layer is grown as a non-porous single-crystal thin film
although the underlying layer is porous. Subsequently, the
surface of the epitaxial layer is oxidized. After cleaning,
the oxide film surface and a second substrate are bonded and
integrated by a heat treatment. The resultant structure is

15 ground from the lower surface side of the first substrate
to expose the porous layer. Finally, the porous silicon
layer exposed to the surface is removed by etching while
leaving the single-crystal silicon film, thereby obtaining
a substrate having an SOI structure.

20 Conventionally, however, when the porous silicon layer
is removed by etching, the porous silicon layer partially

remains on the single-crystal silicon film.

SUMMARY OF THE INVENTION
25 The present invention has been made to solve the above

problem, and has as its object to provide a substrate

This Sheet Has Been Replaced

o IR




On Insul ator) technol ogy. Recently, an applied technology to
direct bonding in ' 2 which a silicon
epi taxial layer grown on a porous silicon substrate is bonded to an

anor phous substrate or single-crystal silicon substrate via an oxide film
has been devel oped (Japanese Patent Laid-Cpen No. 5-21338). Details
of this technology will be described below First, a first substrate is
etched in an electrolytic

processing method and apparatus capable of satisfactory
etching in the process of removing a porous silicon layer
by etching.

It is another object of the present invention to provide

5 an SOI substrate manufactured by the above processing method
and apparatus.

In order to solve the above problem and achieve the above
objects, a substrate processing method according to the first
aspect of the present invention has the following steps.

10 There is provided a substrate processing method
comprising the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing

15 a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side

20 of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed

25 from the electrolytic solution and exposed to the air until

washing is limited to a range in which the porous silicon
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sol ution represented by HF solution to forma porous silicon |ayer on the
surface of the substrate. A single-crystal silicon filmis epitaxially
grown on the porous silicon layer. This layer is grown as a non-porous
singl e-crystal thin film although the underlying |ayer is porous.
Subsequently, the surface of the epitaxial layer is oxidized. After
cleaning, the oxide filmsurface and a second substrate are bonded and
integrated by a heat treatnent. The resultant structure is ground fromthe
| ower surface side of the first substrate to expose the porous |ayer.
Finally, the porous silicon |ayer exposed . to the surface is renoved by

et chi ng whi | e 13¥&F iifgPrR¥CREAY| Bt yemaindpgi epnthe | $Anglesicanytabt ai ni ng
a substrate having an _SO structure. . Conventional |y, however, when
the porous sild qna)i;é m in the etching step.

An SOI substrate according to the first aspect of the
present invention has the following structure.
5 There is providéd an SOI substrate manufactured by the
substrate processing method of any one of claims 1 to 5.
A substrate processing method according to the second
aspect of the present invention has the following steps.
There is provided a sﬁbstrate processing method
10 comprising the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
15 the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
20 and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon..film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until
25 washing is set to be shorter than a time in which a compound

produced by the electrolytic solution sticks to inner walls
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i s removed by etching, the porous silicon |ayer partially remins on the

si ngle-crystal silicon film SUMMARY OF THE | NVENTI ON
The present invention has been made to solve the above problem and has as
its object to provide a substrate - 3-

processi ng nmet hod and apparatus capabl e of satisfactory etching in the
process of renoving a porous silicon |ayer

of pores formed by anodizing.
An SOI substrate according to the second aspect of the
present invention has the following structure.
There is provided an SOI substrate manufactured by the
5 substrate processing method of any one of claims 7 to 13.
A substrate processing method according to the third
aspect of the present invention has the following steps.
There is provided a substrate processing method
comprising the anodizing step of anodizing a single-crystal
10 silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
15 oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
20 layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until
washing is limited to be not more than 3 min.
25 An SOI substrate according to the third aspect of the

present invention has the following structure.
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by étchi ng. It is another object of the present invention to provide
an SO substrate manufactured by the above processing nethod and

appar at us. In order to solve the above probl em and achi eve the above
obj ects, a substrate processing nethod according to the first aspect of
the present invention has the follow ng steps. There is provided a

substrate processing nethod conprising the anodizing step of anodizing a
single-crystal silicon substrate in an electrolytic solution to forma
porous silicon layer on a major surface of the single-crystal silicon
substrate, the silicon filmformation step of growng a single-créstal

silicon filmon theTharods RYIVidad pR\RQI subperaegpauiacepred okleng a

first substrate obtained by oxidizing a surface of the si n%l e-crxstal
silicon film t$pbstrate processing method of any one of claims 15 to 18.

A substrate processing apparatus according to the first

aspect of the present invention has the following
5 arrangement.

There is provided a substrate processing apparatus for
performing the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal

10 silicon substrate, the silicon film formation sﬁep of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing

15 a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous siiicon layer on the
single-crystal silicon film, wherein a plurality of first

20 substrates can be processed at once in the anodizing step,
and in washing after the anodizing step, all the first

- substrates can be transferred in a time in which each first
substrate is removed from the electrolytic solution and
exposed to the air until washing is limited to a range in

25 which the porous silicon layer is prevented from remaining

on the single-crystal silicon film in the etching step.

e i
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a second substrate as a supporting substrate, and renoving a

si ngle-crystal silicon portion froma |ower surface side of the first
substrate to expose the porous silicon layer, and the etching step of
etching the exposed porous silicon |ayer to renove the porous silicon

| ayer on the single-crystal silicon film wherein in washing after the
anodi zing step, a tine in which the first substrate is renoved fromthe

el ectrolytic solution and exposed to the air until washing is limted to a
range in which the porous silicon 4

An SOI substrate according to the fourth aspect of the
present invention has the following structure.

There is provided an SOI substrate manufactured by the
substrate processing apparatus of any one of claims 20 to

5 24.

A substrate processing apparatus according to the
second aspect of the present invention has the following
arrangement.

There is brovided a substrate processing apparatus for

10 performing the anodizing step of anodizing a single-crystal
gilicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,

15 the removal step of bonding a first substrate obtained by
oxidizing a surfacg of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,

20 and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein a plurality of first
substrates can be processed at once in the anodizing step,
and in washing after the anodizing step, all the first

25 substrates can be transferred in a time in which each first
substrate is removed from the electrolytic solution and

—————
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Iayér I's prevented fromremaining on the single-crystal
tshe etching step

the present

second

There is provided a substrate processing net hod
step of anodi zing a single-crystal

aspect of the present invention has the foll ow ng steps.

ngl o oryst Al aR EhpATRIB L NH ST O PRPrES derabRBhes: B
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a time in which a compound produced by the electrolytic
solution sticks to inner walls of éores formed by anodizing.

An SOI substrate according to the fifth aspect of the
present invention has the following structure.

There is provided an SOI substrate manufactured by the
substrate processing apparatus of any one of claims 26 to
32.

A substrate processing apparatus according to the third
aspect of the present invention has the following
arrangement.

There is provided a substrate processing apparatus for
performing the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing

a single-crystal silicon portion from a lower surface side

of the first substrate to expose the porous silicon layer,

and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the

single-crystal silicon film, wherein a plurality of first
substrates can be processed at once in the anodizing step,
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An SO substrate according to the first aspect of
i nvention has the foll ow ng structure.
an SO substrate manufactured by the
one of clains 1 to 5.

There is provided
substrate processing nethod of any
A substrate processing nethod according to the

conpri sing the anodi zi ng
silicon substrate in an electrolytic



a single-crystal silicon filmon the porous silicon |layer, the renoval
step of bonding a first substrate obtained by oxidizing a surface of the
single-crystal silicon filmto a second substrate as a supporting
substrate, and renoving a single-crystal silicon portion froma | ower
surface side of the first substrate to expose the porous silicon |ayer,
and the etching step of etching the exposed porous silicon |ayer to renove
the porous silicon |ayer on the single-crystal silicon.film wherein in
washing after the anodizing step, a tinme in which the first substrate is
renoved fromthe electrolytic solution and exposed to the air until
washing i s setaBR@ He N afken Bheisrodiring eker. cakpothrl figisdduced by
the electrolytic solution sticks to inner walls, ) . )
substrates can be transferred in a time in which each first
substrate is removed from the electrolytic solution and
‘exposed to the air until washing is not more than 3 min.
5 An SOI substrate according to the sixth aspect of the
present invention has the following structure.
There is provided an SOI substrate manufactured by the
substrate processing apparatus of any one of claims 34 to
37.

10 Other objects and advantages besides those discussed
above shall be apparent to those skilled in the art from the
description of a preferred embodiment of the invention which
follows. In the description, reference is made to
accompanying drawings, which form a part hereof, and which

15 illustrate an example of the invention. Such example,
however, is not exhaustive of the various embodiments of the
invention, and therefore reference is made to the claims
which follow the description for determining the scope of
the invention.

20

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A to 1F are views showing the steps in "
manufacturing a semiconductor substrate;
Fig. 2 is a schematic sectional view for explaining the

25 functions of a holder portion and single substrate conveyor

robot of an anodizing apparatus;
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5- ° of pores forned by anodi zi ng. An SO substrate according to
the second aspect of the present invention has the follow ng structure.
There is provided an SO substrate manufactured by the substrate

processi ng nethod of any one of clains 7 to 13. A substrate
processi ng nethod according to the third aspect of the present invention
has the foll ow ng steps. There is provided a substrate processing

met hod conprising the anodi zing step of anodi zing a single-crystal
silicon substrate in an electrolytic solution to forma

Fig. 3 is a view for explaining an example of an
anodizing tank;

Fig. 4 is a view for explaining an example of a system
of the anodizing apparatus;

5 Fig. 5 is a view for explaining another example of the
system of the anodizing apparatus;

Fig. 6 is a view for explaining a substrate conveyor
robot portion in the system shown in Fig. 5;

Fig. 7 is a view for explaining the substrate conveyor

10 robot portion in the system shown in Fig. 5;

Figs. 8A to 8D are views showing the state in a porous
layer when the resultant structure is left to stand in the
air a certain time after anodizing, and then cleaned and
dried;

15 Figs. 9A to 9C are views showing the state in the porous
layer when cleaning and drying are performed immediately
after anodizing; and

Fig. 10 is a view showing the porous etching
characteristics of the entire substrate surface when the

20 resultant structure is left to stand in the air a certain

time after anodizing, and then cleaned and dried.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of a substrate processing apparatus (mainly
25 an anodizing apparatus) according to the present invention

will be described below. Before the description, an
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porous silicon layer on a major surface of the single-crystal silicon
substrate, the silicon filmformation step of growng a single-crystal
silicon filmon the porous silicon layer, the renoval step of bonding a
first substrate obtained by oxidizing a surface of the single-crystal
silicon filmto a second substrate as a supporting substrate, and renovi ng
a single-crystal silicon portion froma |ower surface side of the first
substrate to expose the porous silicon layer, and the etching step of
etching the exposed porous silicon |ayer to renove the porous silicon
| ayer on the single-crystal silicon film wherein in washing after the
anodi zi ng st epemodimemt wfnwhi nhthoéd ¢f memufaloctturang a ssemsmpngtictbrom t he
el ectrolytic solution and exposed to the air until washing is limted to
be not nore thewbstEnate using the anodizing apparatus in some steps will
be described.
Figs. 1A to 1F are views showing a method of
S manufacturing a semiconductor substrate. This will be
briefly described. In this manufacturing method, a first
substrate prepared by forming a porous silicon layer on a
single-crystal silicon substrate, a non-porous layer on the
porous silicon layer, and preferably an insulating film on
10 the non-porous layer is bonded to an independently prepared
second substrate via the insulating film. After this, the
single-crystal silicon substrate is removed from the lower
surface of the first substrate, and the porous silicon layer
is etched, thereby manufacturing a semiconductor substrate.
15 The method of manufacturing a semiconductor substrate
will be described in more detail with reference to Figs. 1A
to 1F.
First, a single-crystal Si substrate 51 for forming a
first substrate is prepared, and a porous Si layer 52 is formed
20 on the major surface (Fig. 1A). The porous Si layer 52 can
be formed by processing the major surface of the
single-crystal substrate 51 by the anodizing apparatus of
the embodiment to be described later.
At least one non-porous layer 53 is formed on the porous

25 Si layer 52 (Fig. 1B). As the non-porous layer 53, a

single-crystal Si layer, a poly-Si layer, an amorphous Si
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An SO substrate according to the third aspect of the present invention

has the follow ng structure. There is provided an SO
substrate manufactured by the substrate processing nethod of any one of
clainms 15 to 18. A substrate processing apparatus according to the

first aspect of the present invention has the follow ng arrangenent.
There i s provided a subs trate processing apparatus f or

layer, a metal layer, a semiconductor compound layer, a
superconductor layer is suitable. A device structure such
as a MOSFET may be formed in the non-porous layer 53.
An SiO, layer 54 is formed on the non-porous layer 53,
5 and the resultant structure is preferably used as the first
substrate (Fig. 1C). This SiO, layer 54 is applicable
because when the first substrate is bonded to a second
substrate 55 in the subsequent step, the interface level of
the bonding interface can be separated from the active layer.

10 Subsequently, the first substrate is brought into
contact with the second substrate 55 at room temperature via
the SiO, layer 54 (Fig. 1D). After this, anode bonding,
pressing, heat treatment as needed, or a combination thereof
may performed to firmly bond the substrates.

15 When a single-crystal Si layer is formed as the
non-porous layer 53, the first substrate is preferably bonded
to the second substrate 55 after the SiO, layer 54 is formed
on the surface of the single-crystal Si layer by, e.g..
thermal oxidation.

20 As the second substrate 55, an Si substrate, a substrate
6btained by forming an Si0, layer on an Si substrate, a
transparent substrate consisting of silica glass, or a
sapphire substrate is suitable. Any other substrate can bhe
used as far as the second substrate 55 has a _sufficiently

25 flat surface to be bonded.

Fig. 1D shows a state wherein the first substrate and

e
S
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perform ng the anodi zing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to forma porous silicon |layer on a
maj or surface of the single-crystal silicon substrate, the silicon film
formation step of growng a single-crystal silicon filmon the porous
silicon |ayer, the renoval step of bonding a first substrate obtained by
oxi di zing a surface of the single-crystal silicon filmto a second
substrate as a supporting substrate, and renoving a single-crystal silicon
portion froma |lower surface side of the first substrate to expose the
porous silicon layer, and the etching step of etching the exposed porous
silicon |ayerth® ﬁeéﬁﬁ@esﬂhétmﬁ%@%i%lopé@ﬁ Vg dtheo fiPhelavgmgle- cEy st al
silicon film wherein a plurality of first substrates can be processed at
once in the ardif FORGPSTEPS laver iTd WishbRgSerPd SURSHERSEG Sos§ 8ekp, al |

he first . . .
the S consist of Si, the Si0, layer 54 need not be formed.

In bonding, an insulating thin plate may be inserted
5 Dbetween the first substrate and the second substrate.
The first substrate is removed from the second substrate
at the porous Si layer 52 (Fig. 1E). To remove the first
substrate, the first method using grinding, polishing, or
etching (the first substrate is discarded) or the second
10 method of separating the first substrate from the second
substrate at the porous layer 52 is used. In the second
method, when the porous Si layer remaining on the separated
first substrate is removed, and the surface is planarized
as needed, the substrate can be reused.
15 Subsequently, only the porous Si layer 52 is etched and
removed while leaving the non-porous layer 53 (Fig. 1F).
Fig. 1F schematically shows a semiconductor substrate
obtained by the above manufacturing method. According to the
manufacturing method, the non-porous layer 53 (e.g., a
20 single-crystal Si layer) is formed flat and uniformly in the
entire region on the surface of the second substrate 55.
When an insulating substrate is used as the second
substrate 55, the semiconductor substrate obtained by the
above manufacturing method is very applicable to form an
25 insulated electronic device.

Formation of a porous silicon substrate by anodizing
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substrates can be transferred in a time in which each first substrate is
renoved fromthe electrolytic solution and exposed to the air until
washing is limted to a range in which the porous silicon |ayer is
prevented fromrenmaining on the single-crystal silicon filmin the etching

st ep. 7 An SO substrate
according to the fourth aspect of the present invention has the foll ow ng
structure. There is provided an SO substrate manufactured by the

or formation of pores is performed in, e.g., an HF solution.
It is known that the presence of holes is essential for this
processing, and the reaction mechanism is estimated as
follows.

5 First, holes in the silicon substrate applied with an
electric field in the HF solution are induced on the surface
on the negative electrode side. Consequently, the density
of Si-H bonds compensating for the unbonded element on the
surface becomes high. At this time, F ions in the HF solution

10 on the negative electrode side nucleophilically attack the
Si-H bonds to formSi-F bonds. By this reaction, H,molecules
are generated, and simultaneously, one electron is emitted
to the positive electrode side. Si-Si bonds near the surface
weaken due to the polarization characteristics of Si-F bond.

15 This weak Si-Si bonds are attacked by HF or H,0, so Si atoms
on the surface become SiF,and are eliminated from the crystal
surface. As a consequence, recessed portions are formed in
the crystal surface. A field distribution (field
concentration) for preferentially attracting holes is

20 generated at this portion. This surface heterogeneity
extends, so etching of silicon atoms continuously progresses
along the electric field. The solution used for anodizing
is not limited to the HF solution, and any other electrolytic
solution can be used.

25 One of technical points of the process shown in Figs. 1A

to 1E is the final step of removing the porous silicon layer
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substrate processing apparatus of any one of clains 20 to 24. A
substrate processing apparatus according to the second aspect of the
present invention has the follow ng arrangenent. There is provided a
substrate processing apparatus for perform ng the anodi zing step of

anodi zing a single-crystal silicon substrate in an electrolytic solution
to forma porous silicon |ayer on a major surface of the single-crystal
silicon substrate, the silicon filmformation step of growing a
single-crystal silicon filmon the porous silicon layer, the renoval step
of bonding a first substrate obtained by oxidizing a surface of the

si ngl e- cryst al b¥i eteing iwhileo leaving ok sipsilearsyatah sibisan ifagm.
substrate, and renovin . . L
Since both the epitaxial silicon layer (single-crystal
gilicon f£ilm) to be left and the porous silicon layer to be
removed are made of single-crystal silicon, the chemical
5 etching rate is supposed to basically equal. However, in
this process, the etching selectivity ratio necessary to form
a very thin SOI film (about 0.1 pm) with a satisfactory film
thickness distribution is about 100,000 times. In the above
process, this selectivity ratio is realized. The reason why
10 the etching rate of porous silicon is higher than that of
non-porous silicon by 100,000 times is that the etchant
filling the pores in the porous layer etches the pore walls
to physically break the entire porous layer.
As an apparatus for forming porous silicon for the above
15 process, i.e., an anodizing apparatus, an apparatus which
supports a silicon substrate at its side surface (beveling)
regions can be used (Japanese Patent Laid-Open No. 5-198556).
In this anodizing apparatus, a silicon substrate is supported
at its beveling portions and set in an anodizing tank. Metal
20 electrodes of platinum or the like are placed at the two ends
of the anodizing tank. The anodizing tank is filled with an
electrolyte such as fluoric acid. To efficiently remové a..
gas (bubbles) produced by an anodizing reaction from the
substrate surface, an alcohol is often added to the
25 electrolyte. The electrolyte is isolated via the substrate

to the upper and lower surface sides of the substrate. In
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a single-crystal silicon portion froma |ower surface side of the first
substrate to expose the porous si'licon layer, and the etching step of
etching the exposed porous silicon |ayer to renove the porous silicon

| ayer on the single-crystal silicon film wherein a plurality of first
substrates can be processed at once in the anodizing step, and in washing
after the anodi zing step, all the first substrates can be transferred in a
time in which each first substrate is renoved fromthe electrolytic

sol ution and 8 - :

this state, a negative potential is applied to the electrode
on the upper surface side of the substrate, thereby anodizing
the upper surface side of the substrate.

Etching of silicon in anodizing is explained by the

5 following formulas.

Si + 2HF + (2-n)e’ — SiF, + 2H + ne-

2SiF, — Si + SiF,

SiF, + 2HF — H,SiF,

When a silicon compound H,SiF, is produced from fluoric

10 acid, silicon is etched. As is apparent from the above
formulas, as the concentration of HF (fluoric acid) increases,
the amount of produced H,SiF, also increases. H,SiF, hardly
reacts with an acid represented by fluoric acid or an alkali
solution. That is, H,SiF, is hardly dissolved.

15 In the progress of anodizing reaction, several ten to
several hundred A pores are formed in the substrate surface
and extend along the direction of electric field. That is,
the electrolyte (HF solution) enters each pore and causes
a reaction at the distal end of the pore. Even when the

20 electric field disappears, the HF solution is kept confined
in each pore. As a.problem; the HF solution confined in the
pores continues the reaction and continuously produces H,SiF,
even after the electric field disappears. When the produced
H,SiF, sticks to the inner surfaces of the pores, the porous

25 silicon layer cannot be removed by etching in the final

process.
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exposed to the air until washing is set to be shorter than a time in which
a. conpound produced by the electrolytic solution sticks to inner walls of
pores forned by anodi zi ng. An SO substrate according to the fifth
aspect of the present invention has the follow ng structure. There
I's provided an SO substrate manufactured by the substrate processing
apparatus of any one of clains 26 to 32. A substrate processing
apparatus according to the third aspect of the present invention has the
foll owing arrangenent. There is provided a substrate processing
apparatus for performng the anodi zi step of anodizing a single-crystal
silicon substrate |Epla|¢a§mmqimr@mmr@%mnm@m£ &5 mim the pores must

be suppressed. For this purpose, the concentration of HF in
the pores must be prevented from increasing.

Figs. 8A to 8D show the model of a state in the pores

5 when anodizing is complete, and after a short time (e.g.,
7 min), washing and drying are performed. Fig. 8A is a
sectional view showing the state in the porous layer
immediately after anodizing is ended, and the resultant
structure is removed into the air. Pores 602 are formed in

10 a substrate 601 by anbdizing, and an HF solution 603 remains
in each pore. As described.above, the HF solution is often
a mixed solution of fluoric acid and an alcohol.

Fig. 8B shows a state wherein the resultant structure

is left to stand in the air for several minutes. Water or
15 alcohol in the HF solution readily evaporates, and the
solution is concentrated by evaporation.

Fig. 8C shows a state wherein the resultant structure
is washed. The substrate treated with fluoric acid is
normally subjected to the next process after the fluoric acid

20 is removed by washing. At this time, the solution (cleaning
water and, more specifically, pure water) enters each pore
due to capillarity to be mixed with the concentrated HF'
solution. When the fluoric acid diffuses outside the pores,
the fluoric acid in the pores are replaced with pure water,

25 and the pores are cleaned. An injection depth H of the

solution in the pores due to capillarity is given by:
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porous silicon layer on a major surface of the single-crystal silicon
substrate, thesiliconfilmformationstepof growing a single-crystal silicon
filmon the porous silicon layer, the renoval step of bonding a first
substrate obtained by oxidizing a surface of the single-crystal silicon
filmto a second substrate as a supporting substrate, and renoving a
single-crystal silicon portion froma |ower surface side of the first
substrate to expose the porous silicon layer, and the etching step of
etching the exposed porous silicon |ayer to renove the porous silicon

| ayer on the single-crystal silicon film wherein a plurality of first
substrates can be pigcedsE8S8(28%ce in the anodizi ng step,

where ¥ is the surface tension, 6 is the wetting angle of the
solution with respect to the substrate, a is the pore size,
p is the density of the solution, and g is the gravitational
5 acceleration. Since the surface of the substrate 601 which
is being treated with fluoric acid is hydrophobic, the
wetting angle 6 of water is very large, so the injection depth
H of water is almost zero. That is, the cleaning water cannot
enter the pores deeply. For this reason, an air layer 604
10 is formed in each pore near the surface. In this case, even
when washing is complete, and water is removed using a spin
drier or the like, fluoric acid in each pore is not replaced
and is concentrated. Finally, the solution in each pore
completely evaporates, and a product 606 sticks to the pore
15 walls, as shown in Fig. 8D. This product 606 is the
above-described H,SiF,.
Figs. 9A to 9C show a state wherein washing is performed
immediately after anodizing is complete.
Fig. 97 is a sectional view showing the state in the
20 porous layer immediately after anodizing is ended, and the
resultant structure is removed into the air. Fig. 9B shows
a state wherein a substrate..701 is immediately moved into
pure water 705.
Since the liquid surface of an HF solution 703 in each
25 ©pore is almost flush with the surface of the substrate 701,

the pure water 705 is mixed with the solution 703 without
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9 and in washing after the anodi zing step,
can be transferred in a tinme in which each first
the electrolytic solution and exposed to the ai
than 3 mn. "An SO substrate according to
present invention has the follow ng structure.

all the first substrates
substrate is renoved from
r until washing is not nore
the sixth aspect of the
There is provided an

SO substrate manufactured by the substrate processing apparatus of any
one of clainms 34 to 37. . O her objects and advant ages besi des those

di scussed

10

15

20

25

forming an air layer. Whenwashing is sufficiently performed,
the HF solution 703 is diluted, so most of the HF solution
703 is replaced with water. When the resultant structure is
dried using a spin drier or the like, a porous silicon layer
having no product in the pores is obtained, as shown in
Fig. 9C.

Fig. 10 shows an observation result based on
experiments about the relationship between the time in which
the anodized substrate is left to stand in the air and the
porous etching residue in the final process. The experiment
conditions are as follows.

Substrate ... 6-inch p-type (0.01 to 0.02 Qcm),

thickness: 625 pm

Electrolytic solution ... HF : CCHOH = 2 : 1

Anodizing current ... 1 mA/cn?

Anodizing time ... 11 min

After anodizing, epitaxial growth to 0.3 pm and
oxidation of the epitaxial growth layer to 0.2 um are
performed. The substrate is cleaned and bonded to the a
silicon substrate as the second substrate. After bonding,
a heat treatment is performed at 1,100°C for 2 hrs. The porous
layer side of the substrate is ground by a grinding apparatus -
called a backgrinder by about 615 pum, the porous silicon layer
is exposed. The substrate is etched using a solution of HF :
H,0, = 1 : 100.

As a result, differences as shown in Fig. 10 are
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above shall be apparent to those skilled in the art fromthe description
of a preferred enbodi nent of the invention which follows. In the
description, reference is made to acconpanyi ng draw ngs, which forma part
hereof, and which illustrate an exanple of the invention. Such exanple,
however, is not exhaustive of the various enbodi nents of the invention,
and therefore reference is made to the clains which follow the description

for determ ning the scope of the invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1A to 1F are views show ng the steps
in nuf acturi nduct or, substrate; Fig 2 is a schematic
!sect irrgngl Vi ewogggrg% i aiT; g}lengglpﬁeln wh?Lch the substrategis left to stand

in the air after anodizing is 10, 7, 5, and 3 min from the
upper side of the drawing. The hatchedportion indicates the
porous layer residue which cannot be etched. As is apparent
5 from this result, the time in which the substrate is left

to stand in the air after anodizing and the etching
characteristics of the porous layer have a relationship. The
time in which the substrate is left to stand is preferably
as short as possible. 1In the actual process, however, a

10 certain time need be taken into consideration. For example,
an automatic anodizing apparatus must be designed in
consideration of the water discharge and supply times, robot
actuation time, and the like.

This experiment reveals that the allowable time in which

15 the substrate removed from the electrolyte is exposed to the
air after anodizing is 3 min or less. However, when a
solution with high fluoric acid concentration is used, an
etching residue may be generated even in an air exposure time
of 3 min. Hence, the time in which the substrate is left to

20 stand in the air is preferably 2 min or less.

The anodizing apparatus according to the preferred
embodiment of the present invention is an automatic-apparatus’
having a substrate conveyor robot and the like and capable
of anodizing a plurality of substrates at once in order to

25 achieve the object of the present invention, i.e.,

mass-produce SOI substrates with uniform quality, as
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functions of a holder portion and single substrate conveyor.

anodi zi ng appar at us; - -10-
Fig. 3 is a view for explaining an exanple of an anodizing tank;

Fig. 4 is a view for explaining an exanple of a system of the anodi zi ng
Fig. 5is a view for explaining another exanple of the

appar at us;

system of the anodi zi ng appar at us;

10

15

20

25

described above. The anodizing apparatus also has an
arrangement for uniformly exposing all substrates to the air
for 3 min or less from the end of anodizing to the start of
cleaning with pure water.

The number of substrates to be processed at once is most
important in designing the apparatus. If a single substrate
conveyor robot is used as the substrate conveyor robot, the
number of substrates to be processed by the apparatus depends
on the time required to transfer one substrate from the
anodizing tank to the pure water rinse tank. Assume that the
substrate transfer time is 20 sec per substrate. If
conveyance of all substrates is complete within 3 min, the
apparatus can process nine substrates at once.

In fact, when the substrate is to be transferred after
anodizing and discharge of the electrolyte are complete, the
discharge time must be taken into consideration. If the
substrates are vertically held and processed in the anodizing
tank, the upper portion of each substrate is exposed to the
air first during discharge, and the lower portion is exposed
to the air later. The reason why the discharge time poses
a problem is that the reference must be set on the portion
which is exposed to the air first. Assume that the discharge
time of the apparatus having the robot is 40 sec. If the
transfer time is 20 sec, only seven substrates can be
transferred in 3 min. The apparétus can process only seven

substrates at once.

robot of an
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Figf 6 is a viewfor explaining a substrate conveyor robot portion in the
system shown in Fig. 5 Fig. 7 i1s a view for explaining the substrate
conveyor robot portion in the systemshown in Fig. 5; Figs. 8A to 8D
are views showi ng the state in a porous |ayer when the resultant structure
is left to stand in the air a certain tinme after anodizing, and then

cl eaned and dri ed; Figs. 9A to 9C are views showing the state in the
porous |ayer when cleaning and drying are perforned i medi ately after
anodi zi ng; and Fig. 10 is a view showi ng the porous etching

characteristics of the entire substrate s_urface when the_ re§ultant
structure is |eft tHowevwad BAn appargtusawivigh dpes not require discharge

is also possible. Without discharge, only the transfer time
by the robot need be taken into consideration. It is only
necessary to transfer one substrate within 3 min, and

5 Dbasically, the number of substrates to be processed at once
is not limited. In this case, however, the chemical
resistance of the arm or substrate supporting member of the
robot must be taken into consideration because the conveyor
robot need be dipped in the electrolyte. In addition,

10 particles or impurities produced when the robot is dipped
in the chemical solution also require sufficient care.

As another form, substrate transfer after anodizing may
be omitted. That is, the electrolyte is discharged after
anodizing, and pure water is supplied into the same tank to

15 rinse the substrates. 1In this case, only the discharge time
and supply time need be taken into consideration. For
example, when the electrolyte is discharged in 40 sec, and
water is supplied in 40 sec, the time in which the upper end
portion of each substrate is exposed to the air is 3 min or

20 less. Once the rinse with pure water is sufficiently
performed, the substrate can be transferred to the drying
stage or another cleaning stage in a longer time. In this
case as well, the number of substrates to be processed is
not limited basically.

25 As still another form, an anodizing apparatus having

a full wafer conveyor robot as the substrate conveyor robot.
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time after anodi zi ng, and then cl eaned and dri ed. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi ments of a substrate
processi ng apparatus (nmainly an anodizing apparatus) according to the
present invention wl| be described below Before the description, an

- 11 - enbodi mrent of a nmethod of manufacturing a sem conductor
substrate using the anodi zing apparatus in sone steps will be descri bed.

In this apparatus, since all substrates are transferred at
once independently of the number of substrates, the discharge
time and transfer time of one cycle are taken into
consideration. The advantage of a shorter process time of

5 full transfer is also effective in the anodizing apparatus
which can supply water to the same tank after discharge.
However, full transfer can hardly be realized unless the
substrate supporting method in the anodizing apparatus is
sufficiently considered. The reason for this is as follows.

10 Since anodizing is performed while completely sealing the
substrate at the periphery and preventing current leakage,
the seal interferes with the robot to set substrates in the
holder or hold the substrates set in the holder at once.
(First Embodiment)

15 The first embodiment of the present invention will be
described next with reference to the accompanying drawings.

Figs. 2 to 4 show the holder, substrate conveyor robot,

anodizing tank of an anodizing apparatus of the first
embodiment, and an anodizing system using this apparatus.

20 In this embodiment, an anodizing apparatus for
processing three substrates at once will be described.
Fig. 2 is a schematic view of the substrate holding portion
(to be referred to as a "holder" hereinafter) and subshtrate
conveyor robot in the anodizing apparatus.

25 A holder 102 has a circular opening portion 103 almost

at the center of a rectangular plate, and an annular substrate
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Figs. 1A to 1F are views showi ng a nethod of manufacturing a sem conduct or
substrate. This will be briefly described. In this manufacturing nethod, a
first substrate prepared by formng a porous silicon |ayer on a
single-crystal silicon substrate, a non-porous |ayer on the porous silicon
| ayer, and preferably an insulating filmon the non-porous |ayer is bonded
to an independently prepared second substrate via the insulating film
After this, the single-crystal silicon substrate is renmoved fromthe | ower
surface of the first substrate, and the porous silicon layer is etched,

thereby nmanufacturing a sem conductor substrate. The net hod of
manuf act uri ng ehudnipedndtetks refesredite agi & "ossl"dbsreitmitem Mfdeisdet ai

with reference to Figs. 1A to 1F, . ]
buried along the opening portion. A groove is formed in the

pad surface, and the pressure in the groove can be reduced
from the lower surface of the pad through an exhaust line

5 105. Reference numerals 106a and 106b denote substrate
conveyor robots which are actuated in a pair.

First, the robot 106a holds the lower surface of a
substrate 101 by vacuum-chucking and moves it parallel and
close to the surface of the holder 102. Subsequently, the

10 robot 106b inserts its L-shaped portion into the opening
portion 103 of the holder 102 and waits for the substrate
101. The robot 106b also has the vacuum-chucking function,
like the robot 106a.

When the lower surface of the substrate 101 comes into

15 contact with the distal end of the robot 106b, the robot 106b
chucks the substrate 101. The robot 106a cancels chucking
and escapes upward.

When the robot 106b moves to the right side of the
drawing, the lower surface of the substrate 101 comes into

20 contact with the pad 104. Since the pressure in the groove
of the pad 104 is reduced through the exhaust line 105, the
substrate 101 is chucked on the pad 104. The robot 106b
escapes upward through the opening portion 103. The
substrate 101 is held by the holder 102 in the above manner.

25 To release the substrate 101, an operation reverse to the

above procedure is performed.
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First, a single-crystal Si substrate 51 for formng a first substrate is
prepared, and a porous Si layer 52 is formed on the major surface (Fig.
1A). The porous Si |ayer 52 can be forned by processing the nmajor surface
of the single-crystal substrate 51 by the anodi zi ng apparatus of the _
enbodi nent to be described |ater. At | east one non-porous |ayer 53 is
formed on the porous Si layer 52 (Fig. 1B). As the non-porous |ayer 53, a
single-crystal Si layer, a poly-Si |ayer, an anorphous Si
Fig. 3 is a schematic sectional view of an anodizing
apparatus having three holders shown in Fig. 2.
A negative electrode 206a and positive electrode 206b
are arranged at the two ends of an anodizing tank 210. The
5 three holders 102 are sandwiched in tandem between the
electrodes. Fig. 3 shows a state wherein the substrates 101
have already been held by the holders 102. The space between
the electrode and the holder or between the holders is filled
with an electrolyte 209 (more specifically, fluoric acid),

10 so the chambers containing the electrolyte are isolated from
each other by the substrates 101. Anodizing is performed by
applying a DC voltage across the electrodes 206a and 206b
in this state. After anodizing, the electrolyte 209 is
discharged from a discharge port 208.

15 Fig. 4 is a plan view of the anodizing system
incorporating the above anodizing apparatus. The stage
constituting the system has, from the left side, a loader
301, an anodizing tank 302, a washing tank 303, a robot drier
309, a spin drier 304, and an unloader 305. A single

20 substrate conveyor robot 106 and a carrier conveyor robot
307 which have moving axes in the direction of alignment.

The single substrate conveyor robot comprises the two
portions 106a and 106b, as shown in Fig. 2. This systemalso
has a system 308 for circulating and filtering the

25 electrolyte in the anodizing tank. The carrier conveyor

robot 307 moves the substrates from the washing tank 303 to
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Iaye“r, a metal layer, a sem conductor conpound layer, a superconductor
| ayer is suitable. A device structure such as a MOSFET may be formed in
t he non-porous | ayer 53. An SidJerr]layer is fornmed on the non-porous
layer 53, and the resultant structure is preferably used as the first
substrate (Fig. 1C. This SiJerr]layer 54 is applicable because when the
first substrate is bonded to a second substrate 55 in the subsequent step,
the interface level of the bonding interface can be separated fromthe
active | ayer. Subsequently, the first substrate is brought into
contact with the second substrate 55 at roomtenperature via the
Sigerr]layer &€ Frinlriesf 864 tbgsthamoedehbohdi ogrrigy essidi@hehess
treatment as needed, or a conbination thereof may performed to firmy bond
t he substr at esdried by the robot drier 309 midway in returning to the washing
tank 303.
Silicon was anodized using the above system.
5 As an anodizing condition, a mixed solution of fluoric
acid and ethanol at 2 : 1 was used as the electrolyte. The
current density in anodizing was 1 mA/cm’, and processing was
performed for 11 min. After anodizing, the electrolyte was
discharged in 30 sec using a discharge pump (not shown).
10 Simultaneously with the end of discharge, the single
substrate conveyor robot 106 sequentially transferred
anodized substrates from a side close to the negative
electrode to awafer carrier which had been set in the washing
tank 303 in advance. Transfer of one substrate required 25
15 sec, and transfer of the second and third substrates required
23 sec and 21 sec, respectively. After anodizing and the
start of discharge, a time of 1 min and 39 sec was required
until all the three substrates were transferred to the
washing tank 303.
20 A 0.3-pm thick single-crystal silicon layer was
epitaxially grown on the porous silicon layer formed by the
above process using a commercially available CVD apparatus.
The surface of the epitaxial growth layer was anodized to
0.2 um. This substrate and a silicon substrate which was

25 prepared in advance were cleaned using a chemical solution

of an acid and an alkali and bonded in a clean atmosphere.
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When a single-crystal Si layer is fornmed as the non-porous |ayer 53, the
first substrate ispreferabl ybonded to the second substrate 55 after the
SigJerr]layer 54 is formed on the surface of the single-crystal Si |ayer
by, e.g., thermal oxidation. As the second substrate 55, an Si
substrate, a substrate obtained by formng an SidJerr]layer on an Si
substrate a transparent substrate consisting of silica glass, or a
sapphire substrate is suitable. Any other substrate can be used as far as
t he second substrate 55 has a sufficiently flat surface to be bonded.

Fig. 1D shows ariid dofdefes@dtidiRsf hésd sswhebtadcdRtheat treatment at
1,100°C in a nitrogen atmosphere for 2 hrs and integrated.

The anodized side of the integrated substrates was
ground using a backgrinder to remove the silicon substrate

5 portion until the porous layer was exposed. After the porous
layer was exposed, the structure was dipped in a mixed
solution of fluoric acid and hydrogen peroxide at 1 : 100
and left to stand for 2 hrs to remove the porous portionwhile
leaving the epitaxial growth layer. The porous portion was

10 completely removed, and the epitaxial silicon layer was
exposed to the surface.

With the above process, an SOI substrate having a 0.2-um
thick active layer and a 0.2-pm thick buried oxide layer was
obtained.

15 (Second Embodiment)

The second embodiment will be described with reference
to Figs. 2 to 4.

In the second embodiment, the same holders and substrate
conveyor robot as in the first embodiment are used. The

20 number of holders increases from three in Fig. 3 to 25.

Since the operation and speed of the substrate conveyor
robot are the same as in the first embodiment, a long time
is required to transfer 25 substrates by single substrate
transfer.

25 To prevent this, in this embodiment, discharge of the

electrolyte after anodizing is omitted. More specifically,
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13- the second substrate are bonded via the SiJerr] layer 54.1f the
non- porous | ayer 53 or the second substrate does not <consist of Si, the

Sigerr]layer 54 need not be forned. In bonding, an insulating thin
plate may be inserted between the first substrate and the second
substrate. The firstsubstrateisrenovedfront hesecondsubstrate at the

porous Si layer 52 (Fig. 1E). To renpve the first substrate, the first
met hod using grinding, polishing, or etching (the first substrate is
di scarded) or the second nethod of separating the first substrate fromthe

second
the arm of a single substrate conveyor robot 106 is dipped

in the electrolyte based on fluoric acid and an alcohol to
directly remove the substrate from the solution. The time
in which each substrate is exposed to the air corresponds
5 to the conveyance time of the robot 106 from removal of the
substrate from the electrolytic solution to dipping of the
substrate in pure water in a washing tank 303. The material
of the arm and substrate chuck portion of the robot 106 is
limited to a material having HF resistance. In this

10 embodiment, a rod member of stainless steel with high
rigidity which was inserted into a Teflon pipe (Teflon is
the tradename of du Pont, U.S.A) was used as the arm of the
robot. The chuck portion of a robot 106b (Fig. 2) consisted
of a fluororubber.

15 The 25 substrates transferred to the washing tank 303
were cleaned using pure water for 40 min after the last
substrate was transferred to the washing tank 303. The
subsequent processes were executed as in the first embodiment,
and 25 SOI substrates with uniform quality without any porous

20 layer residue were obtained, as in the first embodiment.
(Third Embodiment)

The third embodiment will be described with reference
té Figs. 2 to 4.
In the third embodiment, the same holders and substrate

25 conveyor robot as in the second embodiment are used. That

is, 25 holders are used. In the third embodiment, the
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substrate at the porous layer 52 is used. In the second nethod, when the
porous Si | ayer remaining on the separated first substrate is renoved, and
the surface is planarized as needed, the substrate can be reused.
Subsequently, only the porous Si layer 52 is etched and renoved while

| eavi ng the non-porous |ayer 53 (Fig. 1F). Fig. 1F schematically
shows a sem conductor substrate obtained by the above manufacturing

met hod. According to the nanufacturing nethod, the non-porous |ayer 53
(e.g., a single-crystal Si layer) is fornmed flat and uniformy in the
entire region on the surface ,of the second substrate 55. ) When an

i nsul ati ng suBieFerelyte isedigshprecd RERr anpsdginge smedi@teddi conduct or
substrate obtained hy. the above mapufactur.ing.nethod is(¥eny applicable to
forman insufht®d Bt RS WakFF ces supplied  into an anodizing tank

302 without transferring the substrates to a'washing tank
303 and sufficiently cleaned in the anodizing tank 302. r.I‘he
S time in which the 25 substrates are exposed to the air is
about 30 sec for discharge of the electrolyte and about 40
sec for supply of pure water, i.e., a total of 1 min and 10
sec.
The pure water rinse time in the anodizing tank 302 was
10 about 40 min. After this, the pure water in the anodizing
tank 302 was discharged, and the substrates were transferred
to the washing tank 303 by a single substrate conveyor robot
106. Although a time of about 12 min is required to transfer
all the 25 substrates from the anodizing tank to the washing
15 tank 303, this poses no problem because most electrolyte in
the pores in the porous layer is replaced with pure water.
The 25 substrates transferred to the washing tank 303 were
cleaned using pure water for 10 min after the last substrate
was transferred to the washing tank 303. The subsequent
20 processes were executed as in the first embodiment, and 25
SOI substrates with uniform quality without any porous layer
residue were obtained, as in the first embodiment.
{Fourth Embodiment)
The fourth embodiment will be described with reference
25 to Figs. 2 to 4.

The fourth embodiment uses the same apparatus
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Formation of a porous silicon substrate by anodi zing

- 14- or formation of pores is performed in, e.g., an HF solution. It
is known that the presence of holes is essential for this processing, and
the reaction nmechanismis estinmated as foll ows. First, holes in the

silicon substrate applied with an

i nduced on the surface

10

15

20

25

arrangement as in the third embodiment, including the holder
shape, the number of holders, and the substrate conveyor
robot. The fourth embodiment is different from the third
embodiment in that the electrolyte is not discharged aftér
anodizing. In addition, while substrates are kept held in
an anodizing tank 302, pure water is supplied into the
anodizing tank 302 without discharging the electrolyte,
thereby replacing the electrolyte with pure water in the
anodizing tank 302.

The time in which the 25 substrates are exposed to the
air is zero. In this case, however, the electrolyte is
diluted and discarded, i.e., used for only one batch of
anodizing. In addition, since the electrolyte is gradually
diluted with pure water, a relatively long time is required
until the electrolyte is completely replaced with pure water.
In this example, the pure water rinse time in the anodizing
tank 302 was about 1 hr and 20 min. After this, the pure water
in the anodizing tank 302 is discharged, and the substrates
were transferred to a washing tank 303 by a single substrate
conveyor robot 106. The 25 substrates transferred to the
washing tank 303 are cleaned with pure water for 10 min after
the last substrate was transferred to the washing tank 303.
The subsequent processes were executed as in the first
embodiment, and 25 SOI substrates with uniform quality
without any porous layer residue were obtained, as in the

first embodiment. e —

e s
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on the negative el ectrode side. Consequently, the density of Si-H bonds
conpensating for the unbonded el enent on the surface becones high. At this
time, Fions in the HF solution on the negative el ectrode side

nucl eophilically attack the Si-H bonds to formSi-F bonds. By this
reaction, Herr] nolecules are generated, and sinmultaneously, one electron
Is emtted to the positive electrode side. Si-Si bonds near the surface
weaken due to the polarization characteristics of Si-F bond. This weak
Si-Si bonds are attacked by HF or Herr]0, so Si atons on the surface
beconme Si F4 an&ﬁgagrgh%nimated fromthe crystal surface. As a consequence,
recessed porti SAMBERFh  the crystal surface. A field distribution

([rera, concentratl.g) 5ot PLaLetaatiel 1y 0 BRSLLOGGIYLSS Loeepeperated o
at ons continqu§%¥5[ogrgﬁae§ig5. 5 to 7.
The fifth embodiment uses the same apparatus
5 arrangement as in the fourth embodiment, including the holder
shape and the number of holders. However, the entire system
including the substrate conveyance system is different.
Fig. 5 is a schematic plan view showing an anodizing
system of the fifth embodiment.

10 Substrates are placed on a loader 401 while kept stored
in a carrier. The loader 401 also functions as an unloader.
From the carrier set at a predetermined position by the loader
401, the substrates were transferred to a boat 402 by the
single substrate conveyor robot 408 one by one. The boat 402

15 has 25 grooves at a pitch of 25 mm. The 25 substrates are
set in the boat 402 and then held by a full substrate conveyor
robot 409a at once. Fig. 6 shows a specific shape of the
robot 40%a. The robot 409a has the same function as that of
the substrate conveyor robot 106a shown in Fig. 2 except that

20 one arm has a function of chucking 25 substrates.

The 25 substrates are conveyed to an anodizing tank 403
while being held by the robot 409a. The gubst;ates are set 1o e
in holders by the same mechanism as in Fig. 2. However,
instead of the substrate conveyor robot 106b shown inFig. 2,
25 a robot 4095 as shown in Fig. 7, which has 25 robots 106b,

is used. The 25 substrates are transferred to the full
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along the electric field. The solution used for anodizing is not limted
to the HF solution, and any other electrolytic solution can be used.

One of technical points of the process shown in Figs. 1A to 1lE is the
final step of renmoving the porous silicon |ayer by et ching
whil e | eaving the single-crystal silicon film Since both the epitaxial
silicon layer (single-crystal silicon film to be left and the porous
silicon layer to be

substrate conveyor robot 409a at once and set in the holders
at once.

After anodizing, the electrolyte is discharged in about
30 sec. The substrates are conveyed from the anodizing tank

5 403 to a washing tank 404 using the full substrate conveyor
robots 409a and 4090 again. A boat 405 having the same
structure as that at the preceding stage of the anodizing
apparatus is sank in the washing tank 404. The substrates
are placed on this boat 405. The conveyance time is about

10 40 sec, or about 1 min and 10 sec when the discharge time
after anodizing is added. After washing in the washing tank
404 for 30 min, the substrates are transferred to the boat

402 by the full substrate conveyor robot 409a again.
The substrates are returned to the first carrier by the
15 single substrate conveyor robot 408. The substrates stored
in the carrier are conveyed to a spin drier 406 by a carrier
conveyor robot 407, dried, and placed on the unloader 401.

Each substrate having a porous layer, which is obtained
by the above operation, becomes an SOI substrate through the

20 same processes as in the first embodiment.

The present invention can be applied to changes and
modifications of the above embodiments without departing the
spirit and scope of the invention.

As the method of removing the single-crystal silicon,

25 for instance, the method of separating the single-crystal

silicon by rotating the Si water using water jet power is

e
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renmoved are made of single-crystal silicon, the chemical etching rate is
supposed to basically equal. However, in this process, the etching

sel ectivity ratio necessary to form a very thin SO film (about 0.1
[err]m with a satisfactory film thickness distribution is about 100, 000
times. In the above process, this selectivity ratio is realized. The
reason why the etching rate of porous silicon is higher than that of
non-porous silicon by 100,000 times is that the etchant filling the pores
in the porous |ayer etches the pore walls to physically break the entire

porous |ayer. preferAblanfaPPREAASidPLHulPHEENY porous silicon for the
above process, i.e., an anodi zing apparatus, an apparatus which supports

a silicon substrat e at habSbsdrl@eseifines {RAE! EAGAnod AR N EheaduPeMsed
(Japanese Patent Laid-Open No. 5-198556).
of the semiconductor substrate, the time in which the
substrate removed from the electrolyte is exposed to the air
5 after anodizing is limited within a predetermined time.
Subsequently, the substrate is rinsed with pure water to
immediately dilute the electrolyte remaining in the pores
in the porous layer and replace it with water. This method
can be applied to the process of etching the porous layer
10 while preventing any product difficult to etch from forming
in the porous layer.
The present invention is not limited to the above
embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.

15 Therefore, to apprise the public of the scope of the present

invention, the following claims are made.

B
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In this anodi zi ng apparatus, a silicon substrate is supported at its

bevel ing portions and set in an anodi zing tank. Metal etectrodes of
platinumor the |like are placed at the two ends of the a Hﬂ ]r
anodi zing tank is filled with an electrolyte such as fluaﬂm uimmlﬂ "|I
efficiently renove a gas (bubbles) produced by an anodi zi ng ¢ eact fonsfrom
the substrate surface, an alcohol is often added to the electrolyte. The
el ectrolyte is isolated via the substrate to the upper and | ower surface
sides of the substrate. In -16 -

WHAT IS CLAIMED IS:

1. A substrate processing method comprising:
the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
5 ‘porous silicon layer on a major surface of ﬁhe single-crystal
silicon substrate;
the silicon film formation step of growing a
single-crystal silicon film on the porous silicon layer;
the bonding step of bonding a first substrate having
10 the single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
15 substrate to expose the porous silicon layer; and
the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film,
wherein in washing after the anodizing step, a time in
20 which the first substrate is removed from the electrolytic
solution and exposed to the air until washing is limited to
a range in which the porous silicon layer is prevented from
remaining on the single-crystal silicon film in the etching
step.
25

2. The method according to claim 1, further comprising
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this‘state, a negative potential is applied to the elect+ede_on the upper

surface side of the substrate, thereby anodi zing the urface side of
t he substrate. Et ching of silicon in anodizing i @@g”g’ he
foll owi ng formul as. Si + 2HF + (2-n) e[err] -- ne-

2Si F[err] Si + SiF[err] SiFlerr] + 2HF -- Herr]Si F[err]

When a silicon conpound Herr]SiFlerr] is produced fromfluoric aC|d,
silicon is etched. As is apparent fromthe above fornulas, as the
concentration of HF (fluoric acid) increases, the anount of produced

Herr] Si Flerr] pahrFormifgeasesat tilleichkentFhetét frad dHivstr aaat Sedbhd an acid
represented by fluoric acid or an-al kali

substrates are bonded.

3. The method according to claim 1, wherein the removal
5 step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

4. the method according to claim 1, further comprising the
oxidizing step of oxidizing a surface of the single-crystal

10 silicon film before the binding step.

5. The method according to claim 1, wherein the time in
which the porous silicon layer is prevented from remaining
on the single-crystal silicon film in the etching step is

15 not more than 3 min.

6. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 1.

20 7. A substrate processing method comprising:
the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate;
25 the silicon film formation step of growing a

single~crystal silicon film on the porous silicon layer;
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solution. That is, Herr]SiF[err] is hardly dissolved. Fn
progress of anodi zing reaction, several ten to several h

formed in the substrate surface and extend al ong the dira @n " !
field. That is, the electrolyte (HF solution) enters eac (3 Causes
a reaction at the distal end of the pore. Even when the electric field

di sappears, the HF solution is kept confined in each pore. As a problem

the HF solution confined in the pores continues the reaction and
continuously produces Herr]SiF,[err] even after the electric field

di sappears. Wen thenpr Behessy di&y blFSbbhaing Stficks LabkPeataNelisiy faces
of the pores, the porous silicon |ayer cannot be renpved by etching in the
final processthe single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
5 substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer; and
the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
10 single-crystal silicon film,
wherein in washing after the anodizing st:_ep, a time in
which the first substrate is removed from the electrolytic
solution and exposed to the air until washing is set to be
shorter than a time in which a compound _broducéd by the

15 electrolytic solution sticks to inner walls of pores formed

by anodizing.

8. The method according to claim 7, wherein the
electrolytic solution is amixed solution containing fluoric

20 acid.

9. The method according to claim 8, wherein the compound

is H,SiF,.

25 10. The method according to claim 7, further comprising

performing a heat treatment after the first and second
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17 - For easy etching, production of Herr]SFerr] in the pores

must be suppressed. For this purpose, the concentratlo m m ﬂﬂ
pores nust be prevented from i ncreasing. Fi gs. II B mu\“ E“l
nodel of a state in the pores when anodizing is conplete and- aft e a*
short tinme (e.g., 7 mn), washing and drying are performed. Fig. 8Ais a
sectional view showing the state in the porous |layer imediately after

anodi zing is ended, and the resultant structure is renoved into the air.
Pores 602 are formed in a substrate 601 by anodi zi ng, and an HF sol ution

603 remai ns substrates are bonded.

11. The method according to claim 7, wherein the removal
step comprises separating the single-crystal silicon portion

5 to remove the single-crystal silicon portion.

12. The method according to claim 7, further comprising the
oxidizing step of oxidizing a surface of the single-crystal
silicon film before the binding step.

10
13. The method according to claim 7, wherein the time in
which the compound produced by the electrolytic sclution
sticks to the inner walls of the pores formed by anodizing
is not more than 3 min.

15
14. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 7.

15. A substrate processing method comprising:

20 the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate;

the silicon film formation step of growing a
25 single-crystal silicon film on the porous silicon layer;

the bonding step of bonding a first substrate having

e et e
P
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in each pore. As described above, the HF solution is often—a-mxed
solution of fluoric acid and an al cohol . Fig. 8B sho \H\“\
wherein'the resultant structure is left to stand in the a ﬁi‘lﬁ m;‘m\‘

m nutes. Water or alcohol in the HF solution readily evap €s,. and t he'
solution is concentrated by evaporati on. Fig. 8C shows a state
wherein the resultant structure is washed. The substrate treated with
fluoric acid is normally subjected to the next process after the fluoric
acid is renoved by washing. At this tinme, the solution (cleaning water

and, nore Spec'tfﬂecéhhﬁlepé'f‘ﬁsﬂ@lt %rl)l1@8hef§11@%hap§)é€ond“é%b%ﬁr8€8'ééae(' ty to
be m xed with the concentrated HF solution. When the fluoric acid

di f L uses outsi daighethagesubstiraeeldd/@hhe tdel sl dkevRea RS iarikonePi B ed
Wi th pure water,

is sandwiched between the first substrate and the second

substrate; the removing step of ;emoving a single-crystal
5 silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer; and
the etching step of etching the exposed porous silicon

layer to remove the.porous silicon layer on the
single-crystal silicon film,

10 wherein in washing after the anodizing step, a time in
which the first substrate is removed from the electrolytic
solution and exposed to the air until washing is limited to

be not more than 3 min.

15 16. The method according to claim 15, further comprising
performing a heat treatment after the first and second .

substrates are bonded.

17. The method according to claim 15, wherein the removal
20 step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

18. The method according to claim 15, further comprising
the oxidizing step of oxidizing a surface of the single-

25 crystal silicon film before the binding step.

——
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and the_pores are cleaned. An injection depth H of the sol ution in the
pores due to capillarity IS given by: B

- 18- = 2y cosOapg where y is the surfa

wetting angle of the solution with respect to the squllmhmnm”ml mlt por e
size, pis the density of the solution, and g is faW|tat|mn

accel eration. Since the surface of the substrate 601 mhlch I s being

treated with fluoric acid is hydrophobic, the

19. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 15.

20. A substrate processing apparatus for performing the
5 anodizing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to form a porous
silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
10 the bonding step of bondin§ a first substrate having the
single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
15 silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer, and the etching
step of etching the exposed porous silicon layer to remove
the porous silicon layer on the single-crystal silicon film,
wherein a plurality of first substrates can be processed
20 at once in the anodizing step, and in washing after the
anodizing step, all the first substrates can be transferred
in a time in which each first substrate is removed from the
electrolytic solution and exposed to the air until washing
is limited to a range in which the porous silicon layer is
25 prevented from remaining on the single-crystal silicon film

in the etching step.
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wetting angle O of water is very large, so the injection depth H of water
i s al nost zero. That is, the cleaning water cannot ent-erthe-pores-deeply.
For this reason, an air layer 604 is fornmed in each por rface.
In this case, even when washing is conplete, and water mm a”ﬂﬂ

spin drier or the like, fluoric acid in each pore is no

concentrated. Finally, the solution in each pore conpletely evaporat es
and a product 606 sticks to the pore walls, as shown in Fig. 8D. This

product 606 is the above-described Herr]Si Flerr]. Figs. 9A to 9C
show a state whereinwashing is performed immediately after anodizing is
conpl ete. Fig. 9Ais a sectional view showing the state in the

porous | ayer i riedi ahel ppphtratuanackardigig Toenllatin 20d WHeareihe auhkant
structure is renoved into the air. Fig. 9B shows
treatment is performed after the first and second substrates

are bonded.

22. The apparatus according to claim 20, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

10 23. The apparatus according to claim 20, wherein the first
substrate is obtained by oxidizing a surface of the

single-crystal silicon film.

24. The apparatus according to claim 20, wherein the time
15 in which the porous silicon layer is prevented from remaining
on the single-crystal silicon film in the etching step is

not more than 3 min.

25. An SOI (Silicon On Insulator) substrate manufactured

20 by the substrate processing apparatus of claim 20.

26. A substrate processing apparatus for performing the

anodizing step of anodizing a single-crystal silicon

substrate in an electrolytic solution to form a porous
25 silicon layer on a major surface of the single-crystal

silicon substrate, the silicon £film formation step of growing

e —
W
s

e

¢t Has Been Replaced

TR



a state wherein a substrate.701 is i medi ately noved into pure water 705.
Since the liquid surface of an HF solution 703 in each pore Is alnost

flush with the surface of the substrate 701, the pure mﬂﬁ _ M
with the solution 703 wi thout Wﬂm"] ""s”ml
form nganairlayer. When washingi ssufficientlyperforned, *the HF ol &tion
703 is diluted, so nost of the HF sol ution

a single-crystal silicon f£ilm on the porous silicon layer,
the bonding step of bonding a first substrate having the
single-crystal silicon film to a second substrate as a
supi:ortiné substrate so that the single-crystal silicon film
5 1is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
‘substrate to expose the porous silicon layer, and the etching
step of etéhing the exposed porous silicon layer to remove
10 the porous silicon layer on the single-crystal silicon film,
wherein a plurality of first substrates can be processed
at once in the anodizing step, and in washing after the
anodizing step, all the first substrates can be transferred
in a time in which each first substrate is removed from the
15 electrolytic solution and exposed to the air until washing
is set to be shorter than a time in which a compound produced
by the electrolytic solution sticks to inner walls of pores

formed by anodizing.

20 27. The apparatus according to claim 26, wherein the
electrolytic solution is amixed solution containing fluoric

acid.

28. The apparatus according to claim 27, wherein the

25 compound is H,SiF.
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703 is replaced with water. Wen the resultant structure is_dried using a

spin drier or the like, a porous silicon layer having no product i tThe

pores is obtained, as shown in Fig. 9C Fig. 10 ’jﬂﬂlﬁ ﬁ"mtﬂ i on
result based on experinments about the relationship bet ”!”mv
which the anodi zed substrate is left to stand in the air and‘the orous
etching residue in the final process. The experinent conditions are as

fol |l ows. Substrate ... 6-inch p-type (0.01 to 0.02 [err]cm,
thickness: 625 [err]m El ectrolytic solution ... HF : C[err]H[err]O—I=
21 ANo@i Zi H9eCHPpEPStus -accordin@™M6Mlaim 26 ARREEH R HERL - -

11 mn After anodizing, epitaxial growh to 0.3 [err]m and

treatment is performed after the first and second substrates

are bonded.

5 30. The apparatus according toclaim 26, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

31. The apparatus according to claim 26, wherein the first
10 substrate is obtained by oxidizing a surface of the

single-crystal silicon film.

32. The apparatus according to claim 26, wherein the time
in which the compound produced by the electrolytic solution
15 sticks to the inner walls of the pores formed by anodizing

is not more than 3 min.

33. An SOI (Silicon On Insulator) substrate manufactured
by the substrate processing apparatus of claim 26.
20
34. A substrate processing apparatus for performing the
anodizing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to form a porous
silicon layer on a major surface of the single-crystal
25 silicon substrate, the silicon film formation step of growing

a single-crystal silicon film on the porous silicon layer,
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oxi dation of the epitaxial gromh layer to 0.2 [err]mare perforned. The

substrate is cl eaned and bonded to the a

silicon substrate as the second

substrate. After bonding, aheattreatmentisperfornedatl, ﬂ'ﬂﬁ unﬁu I ""
hrs. The porous |ayer side of the substrate is ground
apparatus called abackgrinderby about 615 [err]m the porous sili'con Iayer

I S exposed.
As a result,
20-

10

15

20

25

The substrate is etched using a solution of HF H202 =
di fferences as shown in Fig. 10 are

the bonding step of bonding a first substrate having the
single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer, and the etching
step of etching the exposed porous silicon layer to remove
the porous silicon layer on the single-crystal silicon f£ilm,
wherein aplurality of first subst:ates can be processed
at once in the anodizing step, and in washing after the
anodizing step, all the first substrates can be transferred
in a time in which each first substrate is removed from the
electrolytic solution and exposed to the air until washing

is not more than 3 min.

35. The apparatus according to claim 34, wherein a heat
treatment is performed after the first and second substrates

are bonded.

36. The apparatus according toclaim 34, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

37. The apparatus according to claim 34, wherein the first

substrate is obtained by oxidizing a surface of the

—
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observed. The tinme in which t:he substrate is left to stand_—in-the-air
atter anodizing is 10, 7, 5, and 3 mn fromthe upper side of the

drawi ng. The hatched portion indicates the porous |ayer r m mu [m”ulll
cannot be etched. As is apparent :fromthis result, the timll m E
substrate is left to stand in the air after anodizing and thetet'chi®ng® *
characteristics of the porous |ayer have a relationship. The tinme in which
the substrate is left to stand is preferably as short as possible. In the
actual process, however, a certain tinme need be taken into consideration.
For exanple, airmjlicoiic€adngdh Zddtd MARAr at us nust be designed in
consideration of the water discharge and supply tines, robot actuation
time, and the like.

38. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing apparatus of claim 34.
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This experiment reveals that the allowable tine in whi ch—the substrate

renoved fromthe electrolyte is exposed to the air after anodi zin .Sm%d
mn or | ess. However, when a solution with high fluoric t Thal | on
is used, an etching residue may be generated even in an It | me
of 3 mn. Hence, the time in which the substrate is left t | e

air is preferably 2 mn or |ess. The anodi zi ng apparatus according to
the preferred enbodinent of the present invention is an autonati
capparatus having a substrate conveyor robot and the |i ke and capable of

anodi zing a plurality of substgapRscAtoPNG&E: iJT@id8HrEO achi eve the object
of the present invention, i.e., mass-produce SO substrates with uniform
quality, as An object of this invention is to provide a substrate
processing method capable of satisfactorily performing in
etching in the step of removing a porous silicon layer by
5 etching. In order to achieve this object, a substrate
processing method includes the anodizing step of forming a
porous silicon layer on a major surface of a single-crystal
silicon substrate, the silicon £ilm formation step of growing
a single-crystal silicon film on the porous silicon layer,
10 the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
15 and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until
20 washing is limited to a range in which the porous silicon
layer is prevented from remaining on the single-crystal

silicon film in the etching step.
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-21- descri bed above. The anodi zi ng apparatus al so has an arrangenent
for uniformy exposing all substrates tlg$he air for 3 mn or less from
the end of anodizing to the start of cleaning with pure water. The
nunber of substrates to be processed at once is nbst inportant in
designing the apparatus. If a single substrate conveyor robot is used as

t he substrate ggo Xsﬁor.tzgot, the nunber of substrates to be processed by
t he appar at us eg S the tine required to transfer one substrate from
t he i

I~ 51
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anodi zing tank to the pure water rinse tank. Assunme that the substrate
transfer tine is 20 sec per substrate. 2/f9 conveyance of all substrates is
conplete within 3 mn, the apparatus can process nine substrates at once.
In fact, when the substrate is to be transferred after anodizing and

di scharge of the electrolyte are conplete, the discharge tinme nust be
taken into consideration. If the substrates are vertically held and
processed in the anodi zing tank, the upper portion of each substrate is
exposed to the air first during discharge, and the |ower portion is
exposed to the air later. The reason why the discharge tinme poses a
problemis that the reference nmust be set on the portion which is exposed
to the air first. Assunme that the discharge tinme of the apparatus having
the robot is 40 sec. If the

FIG. 2
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transfer tinme is 20 sec, only seven substrates can be transferred in 3

m n. The apparatus can process only sey€@ substrates at once.

22 - However, an apparatus which does not require discharge is

al so possible. Wthout discharge, only the transfer tine by the robot need
be taken into consideration. It is only necessary to transfer one
substrate within 3 mn, and basically, the nunber of substrates to be
processed at once is not limted. In this case, however, the chem cal
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resi stance of the armor substrate supporting nenber of the robot nust be
taken into consideration because the cgpgyor robot need be dipped in the
el ectrolyte. In addition, particles or inpurities produced when the robot
is dipped in the chem cal solution also require sufficient care. As
another form substrate transfer after anodizing may be omtted. That is,
the electrolyte is discharged after anodizing, and pure water is supplied
into the sane tank to rinse the substrates. In this case, only the

di scharge tinme and supply time need be taken into consideration. For
exanple, when the electrolyte is discharged in 40 sec, and water is

supplied in 40 sec, the tine i n—wieh—the—dpper—enrd—ypyorti on of each

substrate is exposed to the airfis 3 m p—af | epgses Onqe thefrinse with pure
water is sufficiently .\_,_\g‘;—}
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performed, the substrate can be transferred to the drying stage or another

clreaning stage in a longer tine. In thigyy9case as well, the nunber of
substrates to be processed is not limted basically. As stil
anot her form an anodi zi ng apparatus having a full wafer conveyor robot as
t he substrate conveyor robot. - 23-
In this apparatus, since all substrates are transferred at once
i ndependently of the nunber of substrates, the discharge
ke
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time and transfer tinme of one cycle are taken into consideration. The
advantage of a shorter process tine of gf@ll transfer is also effective in
t he anodi zi ng apparatus which can supply water to the sane tank after

di scharge. However, full transfer can hardly be realized unless the
substrate supporting nmethod in the anodi zing apparatus is sufficiently
considered. The reason for this is as follows. Since anodizing is
performed while conpletely sealing the substrate at the periphery and
preventing currentHI ﬁe, &e seal _interferes with the robot to set
substrates in the T . Or | d the subgtrates set in the holder at once.
(First Enbodi nent) The first enmbodi fent of the present invention wll
be described next with reference to=tfg—gcconpanyd4@® @r awi ngs. Fi gs.
2 to 4 show the hol der, substrate conveyor robot

FIG. 7 409b
/




anodi zing tank of an anodi zing apparatus of the first enbodinent, and an
anodi zi ng systemusing this apparatus. 7/9 In this enbodi nent, an

anodi zi ng apparatus for processing three substrates at once will be
described. Fig. 2 is a schematic view of the substrate hol ding portion
(to be referred to as a "holder” hereinafter) and substrate conveyor robot
I n the anodi zi ng appar at us. A hol der 102 has a ci rcuI ar openi ng

portion 103 al t t the_cent er—ofra=rrectiangyts an annul ar
substrate rEl G_ 8A ’ :::/———-24
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chuck pad (to be referred to as a "pad" hereinafter) 104 is buried al ong

t he opening portion. A groove is fornegd/ g the pad surface, and the
pressure in the groove can be reduced fromthe |ower surface of the pad

t hrough an exhaust line 105. Reference nunerals 106a and 106b denote
substrate conveyor robots which are actuated in a pair. First, the
robot 106a holds the | ower surface of a substrate 101 by vacuum chucki ng
and noves it parallel and close to the surface of the hol der 102.
Subsequently, the robot 106b inserts its L-shaped portion into the opening
portion 103 of the holder 102 and waits for the substrate 101. The robot
106b al so has the vacuumchucking function, like the robof 106a.

FIG. 9A

701
702
703

FIG. 9C %




V\hen the | ower surface of the substrat 1 corres into contact with the
di‘'stal end of the robot 106b, the robo chucks the substrate 101. The
robot 106a cancel s chucking and escapes upmard. When the robot 106b
noves to the right side of the drawing, the |ower surface of the substrate
101 comes into contact with the pad 104. Since the pressure in the groove
of the pad 104 is reduced through h' maus;d)ne 105, the substrate 101
is chucked on the pad 104. The ro 1 es upward through the
opening portion 103. The substrate 101 As held by the holder 102 in the
above manner. fTo rel ease the substrate 101, an operation reversa to the
above procedure i s TE INONHIEH.
SUBSTRATE IS LEFT
TO STAND IN AIR

POROUS
ETCHING
RESIDUE

10 MIN

7 MIN

.@

5MIN

3 MIN

..
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TITLE OF THE INVENTION
SUBSTRATE PROCESSING METHOD AND APPARATUS AND

SOI SUBSTRATE
BACKGROUND OF THE INVENTION

The present invention relates to a substrate processing
method and apparatus for mainly :mass—producing SOOI
substrates having uniform quality and, more specifically,
forming porous silicon used to manufacture SOI substrates,
and an SOI substrate.

Porous silicon was found by A. Uhlir and D.R. Turner
who were studying electropolishing of single-crystal silicon
biased to a positive potential in an aqueous solution of
hydrofluori‘c. acid (to be abbreviated as “fluoric acid"
hereinafter).

Later, to exploit the excellent reactivity of porous
silicon, application to element isolation in which a thick
insulating structure need be formed in manufacturing a
silicon i;lt:egrated ¢circuit was examined, and a full isolation
technology using a porous silicon oxide film (FIPOS: Full
Isolation by Porous Oxidized Silicon) was developed (K. Imai,
Solid State Electron 24, 159, 1981). This is the first
example of application of porous silicon to the SOI (Silicon
On Insulator) technology.

Recently, an applied technology to direct bonding in



eachkother by the substrates 101. Anodizing is perfornmed by applying a DC
vel t age across the el ectrodes 206a and 206b in this state After
anodi zing, the electrolyte 209 is discharged froma di ﬁﬁ@&ﬁﬂg*pﬁﬁ{ QUET |

l
Fig. 4 is a plan view of the anodi zi ng system i ncorpor ng-the—apbove- |
anodi zi ng apparatus. The stage constitujing the syste has jrﬁygggﬁ .eqt
side, a |oader 301, an anodi zing tank 2, a washi ng tank 03,y !
drier 309, a spin drier 304, and an unl oader 305. A sipgle _substratei !

conveyor robot 106 and a carrier conveyor robot 307 whjch have noving a%es
in the direction of alignnment. The single substrate co 1YY SO
conprises the two portions 106a and 106b, as shown in Fig. 2. This system
also has a swbﬁeh180@iIinonﬂagﬂMax&hhglawmkfgﬁdwarbngatperous silicon

substrate is bonded to an amorphous substrate or
single-crystal silicon substrate via an oxide film has been
developed (Japanese Patent Laid-Open No. 5-21338).

Details of this technology will be described below.
First, a first substrate is etched in an electrolytic
solution represented by HF solution to form a porous silicon
layer on the surface of the substrate. A single-crystal
silicon filmis epitaxially grown on the porous silicon layer.
This layer is grown as a non-porous single-crystal thin film
althcugh the underlying layer is porous. Subsequently, the
surface of the epitaxial layer is oxidized. After cleaning,
the oxide film surface and a second substrate are bonded and
integrated by a heat treatment. The resultant structure is
ground from the lower surface side of the first substrate
to expose the porous layer. Finally, the porous silicon
layer exposed to the surface is removed by etching while
leaving the single-crystal silicon film, thereby obtaining
a substrate having an SOI structure.

Conventionally, however, when the porous silicon layer
is removed by etching, the porous silicon layer partially

remains on the single-crystal silicon film.

SUMMARY OF THE INVENTION
The present invention has been made to solve the above

problem, and has as its object to provide a substrate



electrolyte I n the anodi zing tank. The carrier conveyoy*a;OWthaﬁ nnves

t he substrates fromthe washing tank. 303 to
the spin drier 304 together with the carrter,_ nd, Iyen IS
by therobotdrier 309m dway in returning to themashlng tank 308
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Silicon was anodi zed using the above sy%%§n1 Asi.an.-.anodi.zi.ng.i

condi ti on,

a m xed solution of fluoric

Edr|ed

id and ethanol at 2 : 1 was used

as the electrolyte. The current density in anodizi ng-was t~mA&-enferf], and
processi ng was

processing method and apparatus capable of satisfactory
etching in the process of removing a porous silicon layer
by etching.

It is another object of the present invention to provide
an SOI substrate manufactured by the above processing method
and apparatus.

In order to solve the above problem and achieve the above
objects, a substrate processing method according to the first
aspect of the present invention has the following steps.

There is provided a substrate processing method
comprising the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
siliconsubstrate,thesiliconfihnformationstepofgrowing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until

washing is limited to a range in which the porous silicon



performed for 11 mn. After anodizing, the electrolyte was
Si nul t aneousfy:wt-

robot 106 sequgmnti! !

e negative

30 sec using a discharge punp (not shown).
di scharge, the single substrate conveyor
transferred anodized substrates froma side close to th

el ectrode to a wafer carrier which had begen set in the wasbi@g Qﬁ@n§g$0:
3 th(

advance. Transfer of one substrate requitféd 25 sec, and
second and third substrates required 23 sec and 21 sec,
After anodizing and the start of discharge, a tinme of 1

i

ty an&f ef*o
r'espeeti-vely—

=

mn and 39 sec W

required
tank 303.

until all

A 0.3-Terr]mthick single-crystal silicon |ayer was

epitaxially gages 08 phev@antealLram renaihiuwerod ahredihyléherystal

silicon film in the etching step.

An SOI substrate according to the first aspect of the
present invention has the following structure.

There is provided an SOI substrate manufactured by the
substrate processing method of any one of claims 1 to S.

A substrate processing method according to the second
aspec;t of the present invention has the following steps.

There is provided a s@strate processing method
comprising the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single—crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon..film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until
washing is set to be shorter than a time in which a compound

produced by the electrolytic solution sticks to inner walls

the three substrates were transferred T0 THE~Washing



above process using a comercially avail abl e CVD apparat us.
the epitaxial growh layer was anodized to 0-2 [errjr =?BT
a silicon substrate which was prepared in advance were.cl

chem cal solution of an acid and an al kali and bonde_d’l n a c!ean :
at nosphere. -27 4 HThé’bondied
substrates were subjected to a heat treatient at 1, 10@[err}§wln a nit!
atmosphere for 2 hrs and integrated. The anodlzed Side"of the
i ntegrated substrates was ground using a backgrinderi_to _renove.the.silicon

substrate

___The. ,.swj.ace of

of pores formed by anodizing.

An SOI substrate according to the second aspect of the
present invention has the following structure.

There is provided an SOI substrate manufactured by the
substrate processing method of any one of claims 7 to 13.

A substrate processing method according to the third
aspect of the present invention has the following steps.

There is provided a substrate processing method
comprising the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time in which the first substrate is removed
from the electrolytic solution and exposed to the air until
washing is limited to be not more than 3 min.

An SOI substrate according to the third aspect of the

present invention has the following structure.



portion until the porouslayer wasexposed. After theporous ~1iayer was
exposed, the structure was dipped in a m xed solution qgf f1 u0ric -achd: and
hydrogen peroxide at 1 : 100 and left to stand for 2 hrs to fenove- the
porous portion while I|eaving the epitaxial growth Iayen The por ous...
portion was conpletely renoved, and the epitaxial silic¢on Iayer was

exposed to the surface. Wth t he aﬁgove process, alﬁ SOl~substrate.
having a 0.2-[err]m thick active layer and a 0.2 -[errfJm thick buried
oxi de | ayer was obtained. (Second Enbodi nent) Thé~second—embodi nent
will be described with reference to Figs. 2 to 4. In the second

enbodi nent, the same hol ders and substrate
There is provided an SOI substrate manufactured by the

substrate processing method of any one of claims 15 to 18.

A substrate processing apparatus according to the first
aspect of the present invention has the following
arrangement.

There is provided a substrate processing apparatus for
performing the anodizing step of {.-modizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-cxystal silicon film, wherein a plurality of first
substrates can be processed at once in the anodizing step,
and in washing after the anodizing step, all the first
substrates can be transferred in a time in which each first
substrate is removed from the electrolytic solution and
exposed to the air until washing is limited to a range in
which the poroué silicon layer is prevented from remaining

on the single-crystal silicon film in the etching step.



conveyor robot as in the first enbodinent are used. The nunber of hol ders

imcreases fromthree in Fig. 3 to 25. Since the OgeRel,r@RrARd S
of the substrate conveyor robot are the sane as in theﬁg Fé‘t‘%h@bdﬁ t
is required to transfer 25 substrates by simngle substrate

l ong tine

transfer. nt,
electrolyte after anodizing is om'tted.'__lVbre specificall
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To prevent this, in this enbodinent, dis¢chBripads 1298e

An SOI substrate according to the fourth aspect of the
present invention has the following structure.

There is prévided an SOI substrate manufactured by the
substrate processing apparatus of any one of claims 20 to
24.

A substrate processing apparatus according to the
second aspect of the present invention has the following
arrangement. '

There is brovided a substrate processing apparatus for
performing the anodizing step of anodizing a single-crystal
silicon substrate in an electrolvtic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate, the silicon £ilm formation step of growing
a single-crystal silicon film on the porous silicon layver,
the removal .step of bonding a first substrate obtained by
oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layver on the
single-crystal silicon film, wherein a plurality of first
substrates can be processed at once in the anodizing step,
and in washing after the ano_dizing step, all the first
substrates can be transferred in a time in which each first

substrate is removed from the electrolytic solution and

d

a



the armof a single substrate conveyor robot 106 is dipped in the
electrol yte based on fluoric acid and an al cohol to . di ect.nl»ymrermve;the
substrate fromthe solution. The time in which eac
to the air corresponds to the conveyance tinme of the:-
renmoval of the substrate fromthe elecgi?lytlc SO|Ut10D Lo Q| pbng of the
substrate in pure water in a washing tank 303. The pmat ef itall “the arm and
substrate chuck portion of the robot 106 is Ilmted lo a. rraierlal havi ng
HF resistance. In this enbodinent, a rod nenber of;stainless steel wi th
high rigidity which was inserted into a Teflon pi pé (Tefton s the”
tradenane of du Pont, U S.A) was used as the armof the robot. The chuck
portion of a rekmseely CERegai2)untahswaslethg dfs aefl| tornmsr shbeter than The 25

substrates transferred to the washing tank 303
a time in which a compound procduced by the elEC»_rOlju_lC

solution sticks to inner walls of pores formed by anodizing.

An SOI subétrate according to the fifth aspect of the
present invention has the following structure.

There is provided an SOI substrate manufactured by the
substrate processing apparatus of any one of claims 26 to
32.

A substrate processing apparatus according to the third
aspect of the present invention has the following
arrangement.

There is provided a substrate processing apparatus for
performing the anodizing step of anodizing a single-crystal
silicon sub.strat:e in an electrolytic solution to form a
porous silicon layer on a major surface of the single—crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bonding a first substrate obtained by
oxidizinﬁg a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single-crystal silicon portion from a lgower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein a plurality of first

substrates can be processed at once in the anodizing step,



were cleaned using pure water for 40 min after the last substrate was
transferred to the washing tank 303. The subsequent processes were
executed as in the first enbodi ment, and 25 SO substratf= i
quality without any porous |ayer residue were obtained, [a&§ Hi
enbodi ment. (Third Enbodi nent) Ttya third enbodi ment wil | be
described with reference to Figs. 2 to.4 In the thlrd)énﬁﬁdlﬂ%$t
t he sane hol ders and substrate conveyor robot as in the E icond enbodi ne
are used. That is, 25 holders are used. In the third enr)odl Awent, the

and in washing after the anodizing step, all the first
substrates can be transferred in a time in which each first
substrate is removed from the electrolytic solution and
‘exposed to the air until washing is not more than 3 min.

An SOI substrate according to the sixth aspect of the
present invention has the following structure.

There is provided an SOI supstrate manufactured by the
substrate processing apparatus of any one of claims 34 to
37.

Other objects and advantages besides those discussed
above shall be apparent to those skilled in the art from the
description of a preferred embodiment of the invention which
follows. In the description, reference is made to
accompanying drawings, which form a part hereof, and which
illustrate’én example of the invention. Such example,
however, is not exhaustive of the various embodiments of the
invention, and therefore reference is made to the claims
which follow the description for determining the scope of

the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A to 1F are views showing the steps in
manufacturing a semiconductor substrate;
Fig. 2 is a schematic sectional view for explaining the
functions of a holder portion and single substrate conveyor

robot of an anodizing apparatus;



- 29- electrolyte is discharged after anodizing. InnedlﬁtéLy it
this, pure water is supplied into an anodizing tank 302 W fhout """
transferrlng the substrates to a washing tank 303 and suff]chen%}y Q%Qaned
in the anodizing tank 302. The tine in which the 25 substfatés are™ :
exposed to the air is about 30 sec for glscharge of the electn@ine ~and.:
about 40 sec for supply of pure water, JL , atotal of 1 min and 10 sec.
The pure water rinse tine in the anod|2|ng tank 302 was about 40 nin.
After this, the pure water in the anodizing tank 302 was di scharged, and
the substrates were transferred to the washing tank 303 by a single
substrate conveyor robot

Fig. 3 is a view for explaining an example of an
anodizing tank;

Fig. 4 is a view for explaining an example of a system
of the anodizing apparatus;

Fig. 5 is a view for explaining another example of the
system of the anodizing apparatus;

Fig. 6 is a view for explaining a substrate conveyor
robot portion in the system shown in Fig. 5;

Fig. 7 is a view for explaining the substrate conveyor
robot portion in the system shown in Fig. 5;

Figs. 8A to 8D are views showing the state in a porous
layer when the resultant structure is left to stand in the
air a certain time after anodizing, and then cleaned and
dried;

Figs. 9A to 9C are views showing the state in the porous
layer when cleaning and drying are performed immediately
after anodizing; and

Fig. 10 is a view showing the porous etching
characteristics of the entire substrate surface when the
resultant structure is left to stand in the air a certain

time after anodizing, and then cleaned and.dried.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of a substrate processing apparatus (mainly
an anodizing apparatus) according to the present invention

will be described below. Before the description, an



106. Al though a tine of about 12 mn is required to transfer all the 25
substrates fromthe anodizing tank to the washing ta 303 |

probl em because nost electrolyte in the pores in th@@{%@ﬁfﬁy@ﬂﬁ%
replaced with pure water. The 25 substrates transfejrg +o-the—wasthi
tank 303 were cleaned using pure vvater_ﬁor 10 mn after
was transferred to the washi ng tank 303.~~The subsequ
executed as in the first enbodinment, and 25 SO sub
quality wi thout any porous |ayer residue were obtai
enbodi ment. (Fourth Enbodi nent) The fourth enbe
described with reference to Figs. 2 to 4. The fourth enbodi nent uses

t he same appakabddiment of a method of manufacturing a semiconductor

substrate using the anodizing apparatus in some steps will
be described.

Figs. 1A to 1F are views showing a method of
manufacturing a semiconductor substrate. This will be
briefly described. In this manufacturing method, a first
substrate prepared by forming a porous silicon layer on a
single-crystal silicon substrate, a non-porous layer on the
porous silicon layer, and preferably an insulating film on
the non-porous layer is bonded to an independently prepared
second substrate via the insulating film. After this, the
single-crystal silicon substrate is removed from the lower
surface of the first substrate, and the porous silicon layer
is etched, thereby manufacturing a semiconductor substrate.

The method of manufacturing a semiconductor substrate
will be described in more detail with reference to Figs. 1A
to 1F.

First, a single-crystal Si substrate 51 for forming a
first subgtrate is prepared, and a porous Si layer 52 is formed
on the major surface (Fig. 1A). The porous Si layer 52 can
be formed by processing the major surface of the
single-crystal substrate 51 by the anodizing apparatus of
the embodiment to be described later.

At least one non-porous layer 53 is formed on the porous
Si layer 52 (Fig. 1B). As the non-porous layer 53, a

single-crystal Si layer, a poly-Si layer, an amorphous Si



-30- arrangement...as..in . hird enbodi ment, including the hol der
shape, the nunberh er the substrate conveyor robot. The fourth
enbodi nent is di f - third enbodinment in that the electrolyte
i s not discharged : after ) anod| 21 ng In addition, while substrates are kept
held in an anodlzl ol t BAk 302, | pure wat I's supplied into the anodizing
tank 302 without discharging th;e el ect rc;L-yt e, thereby replacing the

el ectrol yte W|th pure wat er |nthe

layer, a metal layer, a semiconductor compound layer, a
superconductor layer is suitable. A device structure such
as a MOSFET may be formed in the non-porous layer 53.

An SiO, layer 54 is formed on the non-porous layer 53,
and the resultant structure is preferably used as the first
substrate (Fig. 1C). This Si0, layer 54 is applicable
because when the first substrate is bonded to a second
substrate 55 in the subsequent st:ep, the interface level of
the bonding interface can be separated from the active layer.

Subsequently, the first substrate is brought into
contact with the second substrate 55 at room temperature via
the §i10, layer S4 (Fig. 1D). After this, anode bonding,
pressing, heat treatment as needed, or a combination thereof
may performed to firmly bond the substrates.

When a single-crystal Si layer is formed as the
non-porous layer‘53 , the first substrate is preferably bonded
to the second substrate 55 after the SiO, layer 54 is formed
on the surface of the single-crystal Si layer by, e.g.,
thermal qxidation.

As the second substrate 55, an Si substrate, a substrate
obtained by forming an Si0, layer on an Si substrate, a
transparent substrate consisting of silica glass, or a
sapphire substrate is suitable. Any other substrate can be
used as far as the second substrate 55 has a sufficiently
flat surface to be bonded.

Fig. 1D shows a state wherein the first substrate and



anodi zi ng tank 302. The time in which the 25 substrates are exposed
to the air is zero. In this case, however, the eIectroI;?;WjPnggﬁgtggk {rd
di scarded, i.e., used for only one batch of anodi zing. | REBTRN 5 iHde
the electrolyte is gradually diluted with pure water, ajrelatively Iong
time is required until the electrolytglgg conpl etely 08 MAR 1993
repl acedw thpurewater. In this exanple~—~the pure water nimnse tinme in th
anodi zing tank 302 was about 1 hr and 20 min. After thijs—thepurewater
in the anodi zing tank 302 is discharged, and the substrafes were
transferred to a washing tank 303 by a single substrate <conveyor robot
106. The 25 substrates transferred to the washing tank 303 are cl eaned

with pure wat e ficcd Bubsathel atdbdithy SHSLEAIG dagoyLangleried to the

washi ng tank 303. The subsequent processes were execlte in the first
the non-porous layer 53 or the second substrate does not

consist of Si, the SiO, layer 54 need not be formed.

In bonding, an insulating thin plate may be inserted
between the first substrate and the second substrate.

The first substrate is removed from the second substrate
at the porous Si layer 52 (Fig. 1E). To remove the first
substrate, the first method using grinding, polishing, or
etching (the first substrate is discarded) or the second
method of separating the first substrate from the second
substrate at the porous layer 52 is used. In the second
method, when the porous Si layer remaining on the separated
first substrate is removed, and the surface is planarized
as needed, the substrate can be reused.

Subseq'ﬁen_tly, only the porous Si layer 52 is etched and
removed while leaving the non-porous layer 53 (Fig. 1F).

Fig. 1F schematically shows a semiconductor substrate
obtained by the above manufacturing method. According to the
manufacturing method, the non-porous layer 53 (e.g., a
single-crystal Si layer) is formed flat and uniformly in the
entire region on the surface of the second substrate 55.

When an insulating substrate is used as the second
substrate 55, the semiconductor substrate obtained by the
above manufacturing method is very applicable to form an
insulated electronic device.

Formation of a porous silicon substrate by anodizing



enbodi ment, and 25 SO substrates with uniformaquality mnthout any porous-
| ayer resi due were obtained, as in the first enbodinent. = i
- 31- (Fifth Enbodi nment) The fifth enbodi nent wili be descrl bed
with reference to Fig. 2 and Figs. 5to 7. The fifth errbodl ment uses

|
t he same appar at us : l

-14_-

or formation of pores is performed in, e.g., an HF solution.
It is known that the presence of holes is essential for this
processing, and the reaction mechanism is estimated as
follows.

First, holes in the silicon substrate applied with an
electric field in the HF solution are induced on the surface
on the negative electrode side. Qonsequently, the density
of Si-H bonds compensating for the unbonded element on the
surface becomes high. At this time, Fions in the HF solution
on the negative electrode side nucleophilically attack the
Si-H bonds to form Si-F bonds. By this reaction, H,molecules
are generated, and simultaneously, one electron is emitted
to the positive electrode side. Si-Si bonds near the surface
weaken due to the polarization characteristics of Si-F bond.
This weak Si-Si bonds are attacked by HF or H,0, so Si atoms
on the surface become S.iF4 and are eliminated from the crystal
surface. As a consequence, recessed portions are formed in
the crystal surface. A field distribution (field
concentration) for preferentially attracting holes is
generated at this portion. This surface heterogeneity
extends, so etching of silicon atoms continuously progresses
along the electric field. The solution used for anodizing
is not limited to the HF solution, and any other electrolytic
solution can be used.

One of technical points of the process shown inFigs. 1A

to 1E is the final step of removing the porous silicon layer



arrangenment as in the fourth enbodi ment, including the holder shape and

t he nunber of hol ders. However, the entire system i ncl udj he substrate
conveyance systemis different. Fig. 5 is a schemat[iRE Vl _AﬁETg“~7
showi ng an anodi zing systemof the fifth enbodi ment. ! § SEE/
pl aced on a | oader 401 while kept storeﬂE in a carrier. The loader 40f7?sk
functions as an unloader. Fromthe carrEér set at a pre e-eﬂﬁfﬁé@?mﬁglthn
by the | oader 401, the substrates were transferred to ajb 402 by th |
singl e substrate conveyor robot 408 one by one. The boat{ 402 has 25—
grooves at a pitch of 25 nm The 25 substrates are set : 402 ai
then held by a full substrate conveyor robot 409a at once. Fig. 6 shows™a
speci fi ¢ shapeyoétdhing rliQle 482aind thd @hak1408aybes] tdel isame chpacti on as
that of the substrate conveyor robot 106a shown in Fig. 2 exceptthat

Since both the epitaxial silicon layer (single-crystal

silicon film) to be left and the porous silicon layer to be
removed are made of single—c;yst:al silicon, the chemical
etching rate is supposed t“o basically equal. EHowever, in
this process, the etching selectivity ratio necessary to form
a very thin SOI film (about 0.1 um) with a satisfactory film
thickness distribution is about 100,000 times. In the above
process, this selectivity ratio is realized. The reason why
the etching rate of porous silicon is higher than that of
non-porous silicon by 100,000 times is that the etchant
£illing the pores in the porous layer etches the pore walls
to physically break the entire porous layer.

As an apparatus for forming porous silicon for the above
process, i.e., an anodizing apparatus, an apparatus which
supports a silicon substrate at its side surface (beveling)
regions can be used (Japanese Patent Laid-OpenNo. 5-198556),
In this anodizing apparatus, a silicon substrate is supported
at its beveling portions and set in an anodizing tank. Metal
electrodes of platinum or the like are placed at the two ends
of the anodizing tank. The anodizing tank is filled with an
electrolyte such as fluoric acid. To efficiently remove a
gas (bubbles) produced by an anodizing reaction from the
substrate surface, an alcohol is often added to the
electrolyte. The electrolyte is isolated via the substrate

to the upper and lower surface sides of the substrate. In



one arm has a function of chucking 25 substrates.

are conveyed to an anodi zing tank 403 while being
The substrates are set in holders by the same nech STI)! 3
However, instead of the substrate conveyor robot 106b shomn T ¢+9. 2,
r obot 409b as shown in Fig. 7, which ha§625 robots ; 106b 3 hﬁ used. ; '
substrates are transferred to the full "= s
32 - substrate conveyor robot 409a at once andlset:rﬁ ‘t-he- holders

base

_The 25 substrates
: he~Lobot_409a

N }
Tt {
d

this state, a negative potential is applied to the electrcde
on the upper surface side of the substratﬁe, thereby anodizing
the upper surface side of the substrate.

Etching of silicon in anodizing is explained by the
following formulas.

Si + 2HF + (2-n)e' — SiF, + 2H + ne’

28iF, — Si + SiF,

SiF, + 2HF — H,SiF,

When a silicon compound H,SiF, is produced from fluoric
acid, silicon is etched. As is apparent frpm the above
formulas, as the concentration of HF {fluoric acid) increases,
the amount of produced H,SiF, also increases. HK,SiF, hardly
reacts with an acid represented by fluoric acid or an alkali
solution. That is, H,SiF, is hardly dissolved.

In the progress of anodizing reaction, several ten to
several hundred A pores are formed in the substrate surface
and extend along the direction of electric field. That is,
the electrolyte (HF solution) enters each pore and causes
a react%on at the distal end of the pore. Even when the
electric field disappears, the HF solution is kept confined
in each pore. As a problem, the HF solution confined in the
pores continues the reaction and continuously produces H,SiF;
even after the electric field disappears. When the produced
H,SiF, sticks to the inner surfaces of the pores, the porous
silicon layer cannot be removed by etching in the final

process.



at once. After anodi zing, the electrolyte is dlseharged i-n about 30
sec. The substrates are conveyed fromthe anodi zi ng tﬁﬂk ‘U034 a mashlng
tank 404 using the full substrate conveyor robots 409@ and” 409b- -again. A
boat 405 having the sanme structure as that at the phecedjﬂg -stage of the
anodi zing apparatus is sank in the washing tank 404. The Substrates are
placed on this boat 405. The conveyance-time is about “40-see,-.0r. agout 1
nmn and 10 sec when the discharge time after anodizing is added Aft er
washing in the washing tank 404 for 30 nin, the substrates are transferred
to the boat 402 by the full substrate conveyor robot 409a again. The
substrates are returned to the first carrier by the single substrate
conveyor robot 408.Fdtheasybtiadhangs micaiuettion of K,SiF, in the pores must

be suppressed. For this purpose, the concentration of HF in
the pores must be prevented from increasing.

Figs. 8A to 8D show the model of a state in the pores
when anodizing is complete, and after a short time (e.g.,
7 min), washing and drying are performed. Fig. 8A is a
sectional view showing the state in the porods layer
immediately after anodizing is ended, and the resultant
structure is removed into the air. Pores 602 are formed in
a substrate 601 by anodizing, and an HF solution 603 remains
in each pore. As described above, the HF solution is often
a mixed solution of fluoric acid and an alcohol.

Fig. 8B shows a state wherein the resultant structure
is left to stand in the air for several minutes. Water or
alcohol in.the EF solution readily evaporates, and the
solution is concentrated by evaporation.

Fig. 8C shows a state wherein the resultant structure
is washed. The substrate treated with fluoric acid is
normally subjected to the next process after the fluoric acid
is removed by washing. At this time, the solution (cleaning
water and, more specifically, pure water) enters each pore
due to capillarity to be mixed with the concentrated HF
solution. When the fluoric acid diffuses outside the pores,
the fluoric acid in the pores are replaced with pure water,
and the pores are cleaned. An injection depth H of the

solution in the pores due to capillarity is given by:



in the carrier are conveyed to a spin drier 406 by a ?nwﬁygr
rebot 407, dried, and placed on the unl oader 401. ”Each substr
having a porous |ayer, which is obtained by the above quatgqn,wfni Tes
an SO substrate through the same processes as in the Ifi'f St éfbod .
The present invention can be applied to ghanges and |nodi-fications_of fhe
above enbodi nents wi t hout departing the~ -spirit and cope of the invention.
As the nmethod of renoving the single-crystal silicon,—for—tnstanrce—the
met hod of separating the single-crystal silicon by rotating the Si mater
using water jet power is

H = 27 cos8/apg
where v is the surface tension, 0 is the wetting angle of the
solution with respect to the substrate, a is the pore size,
p is the density of the solution, and g is the gravitational
acceleration. Since the surface of the substrate 601 which
is being treated with fluoric acid is hydrophobic, the
wetting angle 6 of water is very large, so the injection depth
H of water is almost zero. That is , the cleaning water cannot
enter the pores deeply. For this reason, an air layer 604
is formed in each pore near the surface. In this case, even
when washing is complete, and water is removed using a spin
drier or the like, fluoric acid in each pore is not replaced
and is concentrated. Finally, the solution in each pore
completely evaporates, and a product 606 sticks to the pore
walls, as shown in Fig. 8D. This product 606 is the
above-described H,SiF,.

Figs. 9A to 9C show a state wherein washing is performed
immediately after anodizing is complete.

Fig. 92 is a sectional view showing the state in the
porous layer immediately after anodizing is ended, and the
resultant structure is removed into the air. Fig. 9B shows
a state wherein a substrate.701 is immediately moved into
pure water 705.

Since the liquid surface of an HF solution 703 in each
pore is almost flush with the surface of the substrate 701,

the pure water 705 is mixed with the solution 703 without



-33 - preferable for recycling purpose. 4 As has_been described_
above, in anodizing the surface of the sem conductor suhsbtygtmart; :
in which the subs?rate renoved fromthe electrolyte is g’ b @ﬁﬁﬁ*&rﬁ%ﬂfr
after anodizing is limted within a predetermned tine.| pubsequently, {the
substrate is rinsed with pure water to _jmmediately dilyte Brie #i%8Bollytle
remaining in the pores in the porous I'Agér and replacejit with water. [THi
met hod can be applied to the process of etching the pofous layer while
preventing any product difficult to etch fromformng n-the porous.|ayer.
The present invention is not limted to the above

D
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forming an air layer. When washing is sufficiently performed,
the HF solution 703 is diluted, so most of the EF solution
703 is replaced with water. When the resultant structure is
dried using a spin drier or the like, a porous silicon laver
having no product in the pores is obtained, as shown in
Fig. 9C.

Fig. 10 shows an observation result based on
experiments about the relationship between the time in which
the anodized substrate is left to stand in the air and the
porous etching residue in the final process. The experiment
conditions are as follows.

Substrate ... 6-inch p-type (0.01 to 0.02 Qcn),

thickness: 625 Um

Electrolytic solution ... HF : CHOH = 2 : 1
Anodizing current ... 1 mA/cm?
Anodizing time ... 11 min

After anodizing, epitaxial growth to 0.3 um and
oxidation of the epitaxial growth layer to 0.2 Hm are
performed“. The substrate is cleaned and bonded to the a
silicon substrate as the second substrate. After bonding,
aheat treatment is performed at 1,100°C for 2 hrs. The porous
layer side of the substrate is ground by a grinding apparatus
called a backgrinder by about 615 lim, the porous silicon layer
is exposed. The substrate is etched using a solution of HF :
H,0, = 1 : 100.

As a result, differences as shown in Fig. 10 are



enbodi ments and vari ous changes and nodifications can be-.nmade.. W,
spirit and scope of the present invention. Therefore,. : -
public of the scope of the present invention, the follioy ~E-at-Hs-
made. WHAT IS CLAIMED IS 1. A substrate :processing
conpri si ng: t he anodi zi ng step of _anodi zi ng a si nglie-c# y&taliiisi
substrate in an electrolytic solution td%orm a [ S b

S i e af, 3

| !

thin the

observed. The time in which the substrate is left to stand
in the air after anodizing is 10, 7, 5, and 3 min from the
upper side of the drawing. The hatched portion indicates the
porous layer residue which cannot be etched. As is apparent
from this result, the time in which the substrate is left
to stand in the air after anodizing and the etching
characteristics of the porous layer have a relationship. The
time in which the substrate is left to stand is preferably
as short as possible. In the actual process, however, a
certain time need be taken into consideration. For example,
an automatic anodizing apparatus must be designed in
consideration of the water discharge and supply times, robot
actuation time, and the like.

This experiment reveals that the allowable time in which
the substrate removed from the electrolyte is exposed to the
air after anodizing is 3 min or less. However, when a
solution with high fluoric acid concentration is used, an
etching residue may be generated even in an air exposure time
of 3 min- Hence, the time in which the substrate is left to
stand in the air is preferably 2 min or less.

The anodizing apparatus according to the preferred
embodiment of the present invention is an automatic apparatus
having a substrate conveyor robot and the like and capable
of anodizing a plurality of substrates at once in order to
achieve the object of the present invention, i.e.,

mass-produce SOI substrates with uniform quality, as



porous silicon layer on a major surface of the single-crystal silicon
substrat e; the silicon filmformation step of growing a

single-crystal silicon filmon the porous silicon |aye P;ﬁg%ﬂ”ﬁtﬁﬁg@ﬂggﬁ
step of bonding a first substrate having the single-cryéifﬂ;gmi,* Yok Sl
to a second substrate as a supporting arbstrate SO that%the sinrle;crbstal

silicon film is sandw ched between thé=tirst substratd and § h@i éi%ffhd;
substrate; the renoving step of renoving a single-crystialj silicon porgifpn
froma |ower surface side of the first substrate to ejpose the porous

silicon | ayer; and the etching step of etching the_exposed.porous.!
silicon layer to renove the porous silicon |layer on the single-crystal

silicon film describubesBbie i NTWashhddi AP ragpaar09dhzidthad ey, a tinme in

arrangement for uniformly exposing all substrates to the air
for 3 min or less from the end of anodizing to the start of
cleaning with pure water.

The number of substrates to be processed at once is most
important in designing the apparatus. If a single substrate
conveyor robot is used as the substrate conveyor robot, the
number of substrates to be processed by the apparatus depends
on the time required to transfer one substrate from the
anodizing tank to the pure water rinse tank. Assume that the
substrate transfer time is 20 sec per substrate. If
conveyance of all substrates is complete within 3 min, the
apparatus can process nine substrates at once.

In fact, when the substrate is to be transferred after
anodizing and discharge of the electrolyte are complete, the
discharge time must be taken into consideration. If the
substrates are vertically held and processed in the anodizing
tank, the upper portion of each substrate is exposed to the
air first, during discharge, and the lower portion is exposed
to the air later. The reason why the discharge time poses
a problem is that the reference must be set on the portion
which is exposed to the air first. Assume that the discharge
time of the apparatus having the robot is 40 sec. If the
transfer time is 20 sec, only seven substrates can be
transferred in 3 min. The apparatus can process only seven

substrates at once.



which the first substrate is renoved fromthe el ectrol yti
exposed to the air until washing is limted to a range:
silicon layer is prevented from remaining on the single-

furt t her

filmin the etching step. 2. The nethod according to.cl alirpl'
conpri sing Ly, - 3 pesfsrt?n g a Heat |
treatnment after the first and second == N

i
st g i i
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However, an apparatus which does not require discharge
is also possible. Without discharge, only the transfer time
by the robot need be taken into consideration. It is only
necessary to transfer one substrate within 3 min, and
basically, the number of substrates to be processed at once
is not limited. In this case, however, the chemical
resistance of the arm or substrate supporting member of the
robot must be taken into considerai.t:ion because the conveyor
robot need be dipped in the electrolyte. In addition,
particles or impurities produced when the robot is dipped
in the chemical solution also require sufficient care.

As another form, substrate transfer after anodizingmay
be omitted. That is, the electrolyte is discharged after
anodizing, and pure water is supplied into the same tank to
rinse the substrates. In this case, only the discharge time
and supply time need be taken into consideration. For
example, when the electrolyte is discharged in 40 sec, and
water is supplied in 40 sec, the time in which the upper end
portion of each substrate is exposed to the air is 3 min or
less. Once the rinse with pure water is sufficiently
performed, the substrate can be transferred to the drying
stage or another cleaning stage in a longer time. In this
case as well, the number of substrates to be processed is
not limited basically.

As still another form, an anodizing apparatus having

a full wafer conveyor robot as the substrate conveyor robot.



substrates are bonded. 3. The met hod according to claim1, wherei n the
renmoval step conprises separating the single-crystal -s+-L-+—ee-n-po4c-t-|-on
renove the single-crystal silicon portion. 4, t he Rﬁ@tﬁ@@ﬁ&ﬁ@oﬁk}lﬁ&ﬁg to
claim1l1, further conprising the oxidizing step of oxijdifzimg—asurfacje |of
the single-crystal silicon film before,;he binding ste; n

nmet hod gccordiyng to claim1, wherein tﬁéa_tl me in whigh tli;]e8 ﬁ‘f‘%t}%‘j@gl | ifcon
| ayer is prevented fromrenmaining on the single-crystalsilicon_filmi|n
the etching step is not nore than 3 mn.

In this apparatus, since all substrates are transferred at
once independently of the number of substrates, the discharge
time and transfer time of one cycle are taken into |
consideration. The advantage of a shorter process time of
full transfer is also effective in the anodizing apparatus
which can supply water to the same tank after discharge.
However, full transfer can hardly be realized unless the
substrate supporting method in the anodizing apparatus is
sufficiently considered. The reason for this is as follows.
Since anodizing is performed while completely sealing the
substrate at the periphery and preventing current leakage,
the seal interferes with the rcbot to set substrates in the
holder or hold the éubstrates set in the holder at once.
(First Embodiment)

The first embodiment of the present invention will be
described next with reference to the accompanying drawings.

Figs. 2 to 4 show the holder, substrate conveyor robot,
anodizing tank of an anodizing apparatus of the first
embodiment, and an anodizing system using this apparatus.

In this embodiment, an anodizing apparatus for
processing three substrates at once will be described.
Fig. 2 is a schematic view of the substrate holding portion
(to be referred to as a "holder" hereinafter) and substrate
conveyor robot in the' anodizing apparatus.

A holder 102 has a circular opening portion 103 almost

at the center of a rectangular plate, and an annular substrate



6. An SO (Silicon On Insulator) substrate manufactured_ by the substrate
processing nethod of claim 1. 7. A substrate process - et had
conpri si ng: t he anodi zi ng step of anodi zing a S|ngie cry:
substrate in an electrolytic solution to forma porous silicon | ayer on a
maj or surface of the single-crystal silicon substrate; ; : { §tRggsiohi cgbn
filmformation step of growing a S|ngréiCrystaI silicon fi n1on the' potous
silicon layer; g e — ]

chuck pad (to be referred to as a "pad" hereinafter) 104 is
buried along the opening portion. A groove is formed in the
pad surface, and the pressure in the groove can be reduced
from the lower surface of the pad through an exhaust line
105. Reference numerals 106a and 106b denote substrate
conveyor robots which are actuated in a pair.

First, the robot 106a holds the lower surface of a
substrate 101 by vacuum-chucking and moves it parallel and
close to the surface of the holder 102. Subsequently, the
robot 106b inserts its L-shaped portion into the opening
portion 103 of the holder 102 and waits for the substrate
101. The robot 106b also has the vacuum-chucking functien,
like the robot 1l06a.

When the lower surface of the substrate 101 comes into
contact with the distal end of the robot 106b, the robst 106b
chucks the substrate 101. The robot 106a cancels chucking
and escapes upward.

When the robot 106b moves to the right side of the
drawing, the lower surface of the substrate 10l comes into
contact with the pad 104. Since the pressure in the groove
of the pad 104 is reduced through the exhaust line 105, the
substrate 101 is chucked on the pad 104. The robot 106b
escapes upward through the opening portion 103. The
substrate 101 is held by the holder 102 in the above manner.
To release the substrate 101, an operation reverse to the

above procedure is performed.



t he bonding step of bonding a first substrate having the single-crystal

sitlicon filmto a second substrate as a supporting sulst+a
single-crystal silicon film is sandw ched between the;;-?
the second substrate; the renoving step of renDV|ng§afS|ng1e”cryo &

.that the
ISEREEE| and

silicon portion froma | ower surface S|%§ of the firgt : &ﬁto expose
t he porous silicon layer; and thé Z&tching step of et%h g exposed
porous silicon |ayer to renove the porous silicon | ayér—en—t.he

single-crystal silicon film wherein in mashlng after the anod| i ng
step, atime in which the first substrate is reaned‘TFBﬁTThe—e+ee%+2Iytic

Fig. 3 is a schematic sectional view of an anodizing
apparatus having three holders shown in Fig. 2.

A negative electrode 206a and positive electrode 206b
are arranged at the two ends of an anodizing tank 210. The
three holders 102 are sandwiched in tandem between the
electrodes. Fig. 3 shows a state wherein the substrates 101
have already been held by the holders 102. The space between
the electrode and the holder or between the holders is filled
with an electrolyte 209 (more specifically, fluoric acid),
so the chambers containing the electrolyte are isclated from
each other by the substrates 101. Anodizing is performed by
applying a DC voltage across the electrodes 206a and 206b
in this state. After anodizing, the electrolyte 209 is
discharged from a discharge port 208.

Fig. 4 is a plan view of the anodizing system
incorporating the above anodizing apparatus. The stage
constituting the system has, from the left side, a loader
301, an anodizing tank 302, a washing tank 303, a robot drier
309, a spin drier 304, and an unloader 305. A single
substrate conveyor robot 106 and a carrier conveyor robot
307 which have moving axes in the direction of alignment.
The single substrate conveyor robot comprises the two
portions 106a and 106b, as shown in Fig. 2. This systemalso
has a system 308 for circulating and filtering the
electrolyte in the anodizing tank. The carrier conveyor

robot 307 moves the substrates from the washing tank 303 to



sol ution and exposed to the air until washing is sg& .ithan a
tieme in which a conpound produced by the electrol ks to
inner walls of pores forned by anodi zing. 8. accor ing to
claim?7, wherein the electrolytic solutionis a néxed*' gaccontai ni ng
fluoric acid. 9. The net hod according to cla4n18 ‘wher el thet
conpound is Herr]SiFlerr]. 10. The-ﬁethod acchrdinygto" Clarn17r

further conprising performng a heat treatnent aftgerngmLLL§gMgggisecond

the spin drier 304 together with the carrier, and then is
dried by the robot drier 309 midway in returning to the washing
tank 303.

Silicon was anodized using the above system.

As an anodizing condition, a mixed solution of fluoric
acid and ethanol at 2 : 1 was used as the electrolyte. The
current density in anodizing was 1 maA/cm?, and processing was
performed for 11 min. After anod:izing, the electrolyte was
discharged in 30 sec using a discharge pump (not shown).
Simultaneously with the end of discharge, the single
substrate conveyor robot 106 sequentially transferred
anodized substrates from a side close to the negative
electrode to awafer carrier which had been set in the washing
tank 303 in advance. Transfer of one substrate required 25
sec, and transfer of the second ard third substrates required
23 sec and 21 sec, respectively. After anodizing and the
start of-discharge, a time of 1 min and 39 sec was required
until all the three substrates were transferred to the
washing tank 303.

A Of.3—pm thick single-crystal silicon layer was
epitaxially grown on the porous silicon layer formed by the
above process using a commercially available CVD apparatus.
The surface of the epitaxial growth layver was anodized to
0.2 um. This substrate and a silicon substrate which was
prepared in advance were cleaned using a chemical solution

of an acid and an alkali and bonded in a clean atmosphere.



-37- substrates are bonded. 11. The method accor! 'EﬁﬁmZEL

wherein the renoval step conprises separating the singlié 9j.Fileo
port on to renove the single-crystal silicon portion. } 112. The net hof
according to claim7, further conprising the oxidizing stied 8f¥oRi83%i g
surface of the single-crystal I

-27- i

The bonded substrates were subjected to a heat treatment at
1,100°C in a nitrogen atmosphere for 2 hrs and integrated.

The anodized side of the integrated substrates was
ground using a backgrinder to remove the silicon substrate
portion until the porous layer was exposed. After the porous
layer was exposed, the structure was dipped in a mixed
solution of fluoric acid and hydrogen peroxide at 1 : 100
and left to stand for 2 hrs to remove the porous portionwhile
leaving the epitaxial growth layer. The porous portion was
completely removed, and the epitaxial silicon layer was
exposed to the surface.

With the above process, an SCI substrate having a 0.2-Um
thick active layer and a 0.2-um thick buried oxide laver was
obtéined.

(Second Embodiment)

The second embodiment will be described with reference
to Figs. 2 to 4.

In the second embodiment, the same holders and substrate
conveyor robot as in the first embodiment are used. The
number of holders increases from three in Fig. 3 to 25.

Since the operation and speed of the substrate conve'yor
robot are the same as in the first embodiment, a long time
is required to transfer 25 substrates by single substrate
transfer.

To prevent this, in this embodiment, discharge of the

electrolyte after anodizing is omitted. More specifically,




silicon filmbefore the binding step. 13. The nethod according to claim
7, wherein the tinme in which the conpound produced by the electrolytic
solution sticks to the inner walls of the pores forned

not nmore than 3 mn. 14. An SO (Silicon On Insulat CLQWA@W%HEE?
manuf actured by the substrate proce55|qg met hod of cl

substrate processing nethod conpri sing: t he anod|2|nd)8t¥$”dﬁ
anodi zing a single-crystal silicon substrate in an el gctjrol ytic solut op
to forma porous silicon layer on a major surface of tthe single-crystal
silicon substrate,;

the arm of a single substrate conveyor robot 106 is dipped
in the electrolyte based on fluoric acid and an alcohol to
directly remove the substrate from the solution. The time
in which each substrate is exposed to the air corresponds
to the conveyance time of the robot 106 from removal of the
substrate from the electrolytic solution to dippiﬁg of the
substrate in pure water in a washing tank 303 .. The material
of the arm and substrate chuck portion of the robot 106 is
limited to a material having HF resistance. In this
embodiment, a rod member of stainless steel with high
rigidity which was inserted into a Teflon pipe (Teflon is
the tradename of du Pont, U.S.A) was used as the arm of the
robot. The chuck portion of a robot 106b (Fig. 2) consisted
of a fluororubber.

The 25 substrates transferred to the washing tank 303
were cleaned using pure water for 40 min after the last
substrate was transferred to the washing tank 303. The
subsequent processes were executed as in the first embodiment,
and 25 SOI substrates with uniform quality without any porous
layer residue were obtained, as in the first embodiment.
(Third Embodiment)

The third embodiment will be described with reference
té Figs. 2 to 4.

In the third embodiment, the same holders and substrate
conveyor robot as in the second embodiment are used. That

-1s, 25 holders are used. In the third embodiment, the
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electrolyte is discharged after anodizing. Immediately
after this, pure water is supplied into an anodizing tank
302 without transferring the substrates to a washing tank
303 and sufficiently cleaned in the anodizing tank 302. The
time in which the 25 substrates are exposed to the air is
about 30 sec for discharge of the electrolyte and about 40
sec for supply of pure water, i.e., a total of 1 min and 10
sec.

The pure water rinse time in the anodizing tank 302 was
about 40 min. After this, the pure water in the anodizing
tank 302 was discharged, and the substrates were transferred
to the washing tank 303 by a single substrate conveyor robot
106. Although a time of about 12 min is required to transfer
all the 25 substrates from the anodizing tank to the washing
tank 303, this poses no problem because most electrolyte in
the pores in the porous layer is replaced with pure water.
The 25 substrates transferred to the washing tank 303 were
cleaned using pure water for 10 min after the last substrate
was transferred to the washing tank 303. The subsequent
processeé were executed as in the first embodiment, and 25
SOI substrates with uniform quality without any porous layer
residue were obtained, as in the first embodiment.
(Fourth Embodiment)

The fourth embodiment will be described with reference
to Figs. 2 to 4.

The fourth embodiment uses the same apparatus




subsfrate to

expose the porous silicon |ayer; and the etching step of

etching the exposed porous silicon layer to renove the.porous silicon

| ayer on the single-crystal silicon film wher eji L N er
t he anodi zing step, a tine in which the first substra’te~ - \Leg.lﬁgggn
the electrolytic solution and exposed to the air untill hlng |s I|H1.ed
to be not nmore than 3 min. The.ﬁethod accordijn g%QB&

further conprising performng a heat treatnment after eaflrst and skcond
substrates are bonded. 17 The nethod according tg claim15, whereijn
the renoval step conprises separating the single-crystal—silican portijon

arrangement as in the third embodiment, including the holder
shape, the number of holders, and the substrate conveyor
robot. The fourth embodiment is different from the third
embodiment in that the electrolyte is not discharged after
anodizing. In addition, while substrates are kept held in
an anodizing tank 302, pure water is supplied into the
anodizing tank 302 without discharging the electrolyte,
thereby replacing the electrolyte with pure water in the
anodizing tank 302.

The time in which the 25 substrates are exposed to the
air is zero. In this case, however, the electrolyte is
diluted and discarded, i.e., used for only one batch of
ancdizing. In addition, since the electrolyte is gradually
diluted with pure water, a relatively long time is required
until the electrolyte is completely replaced with pure water.
In this example, the pure water rinse time in the anodizing
tank 302 was about 1 hr and 20 min. After this, the purewater
in the anodizing tank 302 is discharged, and the substrates
were transferred to a washing tank 203 by a single substrate
conveyor robot 106. The 25 substrates trahsferred to the
washing tank 303 are cleaned with pure water for 10 min after
the last substrate was transferred to the washing tank 303.
The subsequent processes were executed as in the first
embodiment, and 25 SOI substratee with uniform quality
without any porous layer residue were obtalned, as in the

first embodiment.
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(Fifth Embodiment)

The fifth embodiment will be described with reference
to Fig. 2 and Figs. 5 to 7.

The fifth embodiment uses the same apparatus
arrangement as in the fourth embodiment, including the holder
shape and the number of holders. However, the entire system
including the substrate conveyance system is different.

Fig. 5 is a schematic plar£ view showing an anodizing
system of the fifth embodiment.

Substrates are placed on a loader 401 while kept stored
in a carrier. The loader 401 also functions as an unloader.
From the carrier set at a predetermined position by the loader
401, the substrates were transferred to a boat 402 by the
single substrate conveyor robot 408 one by cne. The boat 402
has 25 grodves at a pitch of 25 mm. The 25 substrates are
set in the boat 402 and then held by a full substrate conveyor
robot 409a at once. Fig. é shows a specific shape of the
robot 40%9a. The robot 409a has the same function as that of
the substrate conveyor robot 106a shown in Fig. 2 except that
one arm has a function of chucking 25 substrates.

The 25 substrates are conveyved to an anodizing tank 403
while being held by the robot 409a. The substrates are set
in holders by the same mechanism as in Fig. 2. However,
instead of the substrate conveyor robot 106b shown in Fig. 2,
a robot 409b as shown in Fig. 7, which has 25 robots 106D,

is used. The 25 substrates are transferred to the full



20. A substrate processing apparatus for performng the; at
anodi zi ng a single-crystal silicon substrate in an el éctrof
to forma porous silicon layer on a major surface of the S|ngle ﬁrysi
silicon substrate, the silicon filmformation step of gro NG s ?
single-crystal silicon filmon the porogg silicon layer,  tHe ‘Bohditg : step
of bonding a first substrate having thé=4$ingl e-crystal si-ti-eon-fil-m.tio ! a
second substrate as a supporting substrate so that the single-crystal |
silicon film is sandwi ched between the first substrat €& and the second—
substrate; the removing step of renoving a single-crystal silicon portion
froma |l ower s | t ol 0US
silicon |ayer, an%%t%ﬁg g‘?n yog‘ﬁo{;&%torga %Jt?:%lhr%g %h%ggg)[%ggg pl{(}?‘(?l%gr silicon
| ayer to renmovg d4ee porous S|I|con | ayer on the single-crystal silicon
film

After anodizing, the electrolyte is discharged in about
30 sec. The substrates are conveved from the anodizing tank
403 to a washing tank 404 using the £full substrate conveyor
rokbots 409%a and 409b again. A boat 405 having the same
structure as that at the preceding stage of the anodizing
apparatus is sank in the washing tank 404. The substrates
are placed on this boat 405. The conveyance time is about
40 sec, or about 1 min and 10 sec¢ when the discharge time
after anodizing is added. After washing in the washing tank
404 for 30 min, the substrates are transferred to the boat
402 by the full substrate conveyor robot 40%a again.

The substrates are returned to the first carrier by the
single substrate conveyor robot 408. The substrates stored
in the carrier are conveyed to a spin drier 406 by a carriexr
conveyor robot 407, dried, and placed on the unloader 401.

Each substrate having a porous layer, which is cbtained
by the above operation, becomes an SOI substrate through the
same prééesses as in the first embodiment.

The present invention can be applied to changes and
modifications of the above embodiments without departing the
spirit and scope of the invention.

As the method of removing the single-crystal silicon,
for instance, the method of separating the single-crystal

silicon by rotating the Si water using water jet power is
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preferable for recycling purpose.

As has been described above, in anodizing the surface
of the semiconductor substrate, the time in which the
substrate removed from the electrolyte is exposed to the air
after anodizing is limited within a predetermined time.
Subsequently, the substrate is rinsed with pure water to
immediately dilute the electrolyte remaining in the pores
in the porous layer and replace it with water. This method
can be applied to the process of etching the porous layer
while preventing any product difficult to etch from forming
in the porous layer.

The present invention is not limited to the above
embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.
Therefore,. to apprise the public of the scope of the present

invention, the following claims are made.
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WEAT IS CLAIMED IS:
1. A substrate processing method comprising:

the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate;

the silicon film formation step of growing a
single-crystal silicon £film on the porous silicon layer;

the bonding step of bonding a first substrate having
the single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon £ilm
is sandwiched bétween the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer; and

the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon f£ilm,

wherein in washing after the anodizing step, a time in
which thé first substrate is removed from the electrolytic
solution and exposed to the air until washing is limited to
a range in which the porous silicon layer is prevented from
remaining on the single-crystal silicon film in the etching

step.

2. The method according to claim 1, further comprising
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performing a heat treatment after the first and second

substrates are bonded.

3. . The method according to claim 1, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

4. the method according to claim 1, further comprising the
oxidizing step of oxidizing a surface of the single-crystal

silicon f£ilm before the binding step.

5. The method according to claim 1, wherein the time in
which the porous silicon layer is prevented from remaining
on the single-crystal silicon film in the etching step is

rnot more than 3 min.

6. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 1.

7. A éibstrate processing method comprising:

the anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate;

the silicon film formation step of growing a

single-crystal silicon film on the porous silicon layer:



41 - a single-crystal silicon filmon the porous silicon |ayer—-—the——
bendi ng step of bonding.a-fi-rstysubstrate having the single-crystal
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si ngl e-crystal:-si.
t he second substrate herenoving steg of renoving a single-&rystal
8-0f the first substrate to expose
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silicon portloh froﬁn“‘=bweﬁ sgurface si
t he porous siltcobn Iayenh“amdythe etching step of etching the exposed
porous silicon:layer to renmove ithe porous silicon |ayer on the

si ngl e-cryst al isili.confitm— -~ wherein a plurality of first substrates

can be processed ., bonding step of bonding a first substrate havin

the single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer; and

the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film,

wherein in washing after the anodizing step, a time in
which the first substrate is removed from the electrolytic
solution and exposed to the air until washing is set to be
shorter than a time in which a compound §roduced by the
electrolytic'solution sticks to inner walls of pores formed

by anodizing.

8. The method according to claim 7, wherein the

electrolytic soluticn is amixed solution containing fluoric

-

acid.

9. The method according to claim 8, wherein the compound
is H,SiF,.

10. The method according to claim 7, further comprising

performing a heat treatment after the first and second
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11. The method according to claim 7, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

12. The method according to claim 7, further comprising the
oxidizing step of oxidizing a surface of the single-crystal

silicon film before the binding step.

13. The method according to claim 7, wherein the time in
which the cocmpound produced by the electrolytic soluticn
sticks to the inner walls of the pores formed by anodizing

is not more than 3 min.

14. 2An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 7.

15. A substrate processing method comprising:
thé:anodizing step of anodizing a single-crystal
silicon substrate in an electrolytic solution to form a
porous silicon layer on a major surface of the single-crystal
silicon substrate;
the silicon film formation step of growing a
single~crystal silicon film on the porous silicon layer

the bonding step of bonding a first substrate having
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the single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer; and

the etching step of etching the exposed porous silicon
layer to remove the'porous silicon layer on the
single-crystal silicon film,

wherein in washing after the anodizing step, a time in
which the first substrate is removed from the electrolytic
solution and exposed to the air until washing is limited to
be not more than 3 min.
16. The method according to claim 15, further comprising
performing a heat treatment after the first and second

substrates are bonded.

17. The method according to claim 15, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

18. The method according to claim 15, further comprising
the oxidizing step of oxidizing a surface of the single-

crystal silicon film before the binding step.
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15. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing method of claim 15.

20. A substrate processing apparatus for performing the
anodizing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to form a porous
silicon layer on a major surface of the single-crystal
silicon substrate, the silicon film formation step of growing
a single-crystal silicon film on the porous silicon layer,
the bonding step of bondinc_;v a first substrate having the
single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer, and the etching
step of etching the exposed porous silicon layer to remove
the porous silicon layer on the single-crystal silicon film,

wherein a plurality of first substrates can be processed

~at once in the anodizing step, and in washing after the

anodizing step, all the first substrates can be transferred
in a time in which each first substrate is removed from the
electroljrtic solution and exposed to the air until washing
is limited to a range in which the porous silicon layer is
prevented from remaining on the single-crystal silicon film

in the etching step.



silicon | ayer on a major surface of the single-crystal silicon substrate,
the silicon fil i o s§ﬁEEFf growi ng a single-crystal sifticom fitmm—
on the porous sifiEe By
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21. The apparatus according to claim 20, wherein a heat
treatment is performed after the first and second substrates

are bonded.

22. The apparatus according to claim 20, wherein the removal
step comprises separating the single-crystal siliconportion

to remove the single-crystal silicon portion.

23. The apparatus according to claim 20, wherein the first
substrate is obtained by oxidizing a surface of the

single-crystal silicon f£ilm.

24. The apparatus according to claim 20, wherein the time
in which the porous silicon layer is prevented from remaining
on the single-crystal silicon film in the etching step is

not more than 3 min.

25. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing apparatus of claim 20.

26. A substrate processing apparatus for performing the
anodizing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to form a porous
silicon layer on a major sur#ace of the single-crystal

silicon substrate, the silicon film formation step of growing
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perfornmed after the first and second substrates are bonde

a single-crystal silicon film on the porous silicon layer,

the bonding step of bonding a first substrate having the

single-crystal silicon film to a second substrate as a

supporting substrate so that the single-crystal silicon film

is sandwiched between the first substrate and the second

substrate; the removing step of removing a single-crystal

silicon portion from a lower surface side of the first

substrate to expose the porous silicon layer, and the etching

step of etéhing the exposed porous silicon layer

to remove

the porous silicon layer on the single-crystal silicon £ilm,

wherein a plurality of first substrates can be processed

at cnce in the anodizing step, and in washing after the

anodizing step, all the first substrates can be transferred

in a time in which each first substrate is removed from the

electrolytic solution and exposed to the air until washing

is set to be shorter than a time in which a compound produced

by the electrolytic solution sticks to inner walls of pores

formed by anodizing.

27. The apparatus according to claim 26, wherein the

electrolytic solution is amixed solution containing fiuoric

acid.

28. The apparatus according to claim 27, wherein the

compound is H,SiF,.
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29. The apparatus according to claim 26, wherein a heat
treatment is performed after the first and second substrates

are bonded.

30. The apparatus according to claim 26, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

31. The apparatus according to claim 26, wherein the first
substrate is obtained by oxidizing a surface of the

single-crystal silicon film.

32. The apparatus according to claim 26, wherein the time
in which the compound produced by the electrolytic sclution
sticks to the inner walls of the pores formed by anodizing

is not more than 3 min.

33. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing apparatus of claim 26.

34. A substrate processing apparatus for performing the
anodizing step of anodizing a single-crystal silicon
substrate in an electrolytic solution to form a porous
silicon layer on a major surface of the single-crystal
silicon substrate, the silicon £film formation step of growing

a single-crystal silicon film on the porous silicon layer,

le-crystal silicon portion to renpbve the
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?

IR R

. 02 MAR 1599

\CEMENT SHEET

e, e Y

the bonding step of bonding a first substrate having th
single-crystal silicon film to a second substrate as a
supporting substrate so that the single-crystal silicon film
is sandwiched between the first substrate and the second
substrate; the removing step of removing a single-crystal
silicon portion from a lower surface side of the first
substrate to expose the porous silicon layer, and the etching
step of etching the exposed porous silicon layer to remove
the porous silicon layer on the single-crystal silicon film,
wherein a plurality of first substrates can be processed
at once in the anodizing step, and in washing after the
anodizing step, all the first substrates can be transferred
in a time in which each first substrate is removed from the
electrolytic solution and exposed to the air until washing

is not more than 3 min.

35. The apparatus according to claim 34, wherein a heat
treatment is performed after the first and second substrates

are bonded.

36. The apparatus according to claim 34, wherein the removal
step comprises separating the single-crystal silicon portion

to remove the single-crystal silicon portion.

37. The apparatus according to claim 34, wherein the first

substrate is obtained by oxidizing a surface of the



single-crystal silicon film.

38. An SOI (Silicon On Insulator) substrate manufactured

by the substrate processing apparatus of claim 34.
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SUBSTRATE PROCESSING METHOD AND APPARATUS AND SOI SUBSTRATE

ABSTRACT OF THE DISCLOSURE

An object of this invention is to provide a substrate
processing method capable of satisfactorily performing in
etching in the step of removing a porous silicon layer by
etching. In order to achieve this object, a substrate
processing method includes the anodizing step of forming a
porous silicon layer on a major surface of a single-crystal
silicon substrate, the silicon fiim formation step of growing
a single-crystal silicon film on the porous silicon layer,
the removal step of bondiﬁg a first substrate obtained by
_oxidizing a surface of the single-crystal silicon film to
a second substrate as a supporting substrate, and removing
a single~crystal silicon portion from a lower surface side
of the first substrate to expose the porous silicon layer,
and the etching step of etching the exposed porous silicon
layer to remove the porous silicon layer on the
single-crystal silicon film, wherein in washing after the
anodizing step, a time inwhich the first substrate is removed
from the electrolytic solution and exposed to the air until
washing is limited to a range in which the porous silicon
layer is prevented from remaining on the single-crystal

silicon film in the etching step.

Figure 10




