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TITLE OF THE INVENTION

POROUS REGION REMOVING METHOD AND

SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
The present invention relates to a porous region
10 removing method and a semiconductor substrate manufacturing
method énd, more particularly, to a method of removing a
porous region from a substrate having the porous region, a
semiconductor substrate manufacturing method using this
method, and an apparatus for removing a porous region.
15
DESCRIPTION OF THE RELATED ART
There is a method of sequentially forming a porous Si
layer and a single-crystal Si layer on a first substrate,
bonding the first substrate to a separately prepared second
20 substrate, and separating the bonded substrate stack into
two substrates at the porous Si layer to transfer the
single-crystal Si layer formed on the first substrate side
to the second substrate side, thereby manufacturing an SOI
substrate.
25 In this method, after the bonded substrate stack is

separated into two substrates, the porous Si layer remaining
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10 renoving nmethod and a sem conductor substrate manufacturing met hod

and, nore particularly, to a nethod of renoving a porous region froma
substrate having the porous region, a sem conduct or substrate
manuf acturing nethod using this met hod, and an apparatus for renoving
a porous region. 15 DESCRI PTI ON OF THE RELATED ART Ther e
Is a nmethod of sequentially formng a porous Si | ayer and a
single-crystal Si layer on a first substrate, bondi ng the first
substrate to a separately prepared second 20 substrate, and separating
t he bonded substrate stack into two substrates_at the porous Si |ayer
to transfer tAR the susfagecor Gha grcapd spstrpbpnetiod st Aenevedt Jobstrate
si de to the seconqlsubstrate,%!de, t her ehy nanufac%urin% a% SO
substr at e. removing the porous S1 layer, the planarity of the Surface
of the underlying second substrate and, more particularly,
film thickness uniformity of the single-crystal Si layer as
5 the surface layer of the second substrate is preferably not
hindered.
SUMMARY OF THE INVENTION
10 The present invention has been made in consideration
of the above situation, and has as its object to provide a
porous region removing method capable of maintaining a given
planarity of an underlying layer and a semiconductor
substrate manufacturing method using this method.
15 According to the present invention, there is provided

a porous region removing method of removing a porous region
from a substrate having the porous region, characterized by
ccm_\prising the first step of processing the porous region
by an etchant while supplying an ultrasonic wave to the
20 etchant, the second step of processing the porous region by
the etchant without supplying any ultrasonic wave to the
etchant or while supplying an ultrasonic wave weaker than
the ultrasonic wave supplied in the first step to the etchant,
and the third step of removing the porous region remaining
25 on the substrate.

In the porous region removing method, the first step
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25 In this nmethod, after the bonded substrate stack is
separated into two substrates, the porous Si |ayer renaining
2 - on the surface on the second substrate side is renmoved. In
removi ng the porous Si |ayer, the planarity of the surface of the
underlyi ng second substrate and, nore particularly, filmthickness

uniformty of the single-crystal Si |ayer as 5 the surface |ayer of the
second substrate is preferably not hi nder ed.

preferably comprises filling pores in the porous region with
the etchant to a deep portion.

In the porous region removing method, the second step
preferably comprises thinning porewalls in the porous region

5 to not more than a predetermined thickness by an etching
function.

In the porous region removing method, the second step
preferably comprises thinning the pore walls in the porous
region to a thickness that allows removal of the remaining

10 porous region at once in the third step.

In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by the etchant.

In the porous region removing method, the third step

15 preferably comprises removing the porous region remaining
on the substrate by the etchant while supplying the
ultrasonic wave to the etchant.

In the porous region removing method, the first to third
steps are preferably executed while dipping the substrate

20 " to be processed in the same etchant.

In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by an etchant whose etching rate for the
porous region is higher than that of the first or second

25 etchant.

In the porous region removing method, the first to third
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SUMVARY OF THE | NVENTI ON 10 The present invention has been nmade in
consi derati on of the above situation, and has as its object to provide
a _porous region renoving nethod capabl e of maintaining a given
planarity of an underlying layer and a sem conduct or substrate
manuf acturing method using this nmethod. 15 According to the present
invention, there is provided a porous region renoving nethod of
renoving a porous region froma substrate having the porous region,
characterized by conprising the first step of processing the porous
regi on by an etchant while supplying an ultrasonic wave to the 20
etchant, the setepsl anteprefepably ssstanytedewhbre wompdgieohy bjipping the
substrate to be processed in the etchant.
In the porous region removing method, the first and/or
second steps is preferably executed while completely dipping
5 the substrate to be processed in the etchant.
In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by a high-pressure fluid.
In the porous region removing method, the third step
10 preferably comprises removing the porous region remaining
on the substrate by scrubbing.
In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
a relative positional relationship between an ultrasonic
15 source and the substrate is preferably changed.
In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
the substrate is preferably swung in the etchant.
In the porous region removing method, in processing the
20 substrate while supplying the ultrasonic wave to the etchant,
the substrate is preferably rotated.
In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
a position of at least one of the substrate and the ultrasonic

25 source is preferably changed substantially in a direction

parallel or perpendicular to a vibration plane of the
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the etchant w thout supplying any ultrasonic wave to the
whi | e supplying an ultrasoni c wave weaker than

et chant or
the ultrasoni ¢ wave

supplied in the first step to the etchant, and the third step of
removi ng the porous region remaining 25 on the substrate. In
t he porous region renoving nmethod, the first step

preferably conprises filling pores in the porous region with

3 -

the etchant to a deep portion.
met hod,

the second step

10

15

20

25

ultrasonic wave.

In the porous region removing method, in processing the
substrate by the etchant, the substrate is preferably swung
or rotated.

In the porous region removing method, in processing the
substrate by the etchant, the etchant is preferably
circulated to form a flow of etchant near the substrate.

In the porous region removing method, preferably, the’
first and second steps are executed while dipping the
substrate in the same etching tank, the first step comprises
operating the ultrasonic source, and the second step
comprises stopping operation of the ultrasonic source.

In the porous region removing method, preferably, the
first and second steps are executed while dipping the
substrate in the same etching tank, the first and second steps
comprise continuously operating the ultrasonic source, and
the second step comprises inserting an ultrasonic shielding
plate between the ultrasonic source and the substrate.

In the porous region removing method, the substrate to
be processed preferably essentially consists of single-
crystal. Si.

In the porous region removing method, the porous region
preferably essentially consists of porous Si.

In the porous region removing method, the porous region
is preferably formed by anodizing a single-crystal Si

substrate.

In the porous region renoving
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preferably conprises thinning pore walls in the porous region 5 to not
nore than a predeterm ned thickness by an etching function.

In the porous region renoving nethod, the second step preferably
conprises thinning the pore walls in the porous region to a thickness
that allows renoval of the remaining 10 porous region at once in the
third step. In the porous region renoving nethod, the third step
preferably conprises renoving the porous region remaining on the
substrate by the etchant. In the porous region renoving nethod,
the third step 15 preferably conprises renoving the porous region

r emai ni ng on the thibdormie bygite wireldng mhth@dslmrﬁf&émgalyheas

ultrasonic wave to the etchant.
the etchant, any one of
{(a) fluoric acid,
(b) a mixed solution prepared by adding at least one of an
5 alcohol and hydrogen peroxide to fluoric acid,
(c) buffered fluoric acid, and
(d) a mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to buffered fluoric acid
is used.

10 According to the present invention, there is also
provided a semiconductor substrate manufacturing method
characterized by comprising the steps of forming a porous
layer and at least one non-porous layer on a first substrate,
bonding a second substrate to the non-porous layer side of

15 the first -substrate, removing the first substrate from the
bonded substrate stack to expose the porous layer on a surface
of the second substrate, and removing the porous layer on
the second substrate using the above porous region removing
method.

20 In the porous region removing method, the step of
exposing the porous layer preferably comprises grinding,
polishing, or etching the first substrate from a lower
surface side of the first substrate of the bonded substrate
stack, thereby exposing the porous layer on the surface of

25 the second substrate.

In the porous region removing method, the step of
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In the porous region renoving nethod, the first to third steps are
preferably executed while dipping the substrate 20 to be processed in the
sanme etchant.
preferably conprises renoving the porous region remaining

step
t he substrate by an etchant whose etching rate for the

In the porous region renoving nethod, the third

por ous regi on

on

I's higher than that of the first or second 25 etchant. In the
porous region renoving nethod, the first to third

4

10

15

20

25

exposing the porous layer preferably comprises dividing the
bonded substrate stack at the porous layer, thereby exposing
the porous layer on the surface of the second substrate.

In the porous region removing method, the non-porous
layer preferably includes a single-crystal Si layer.

In the porous region removing method, the non-porous
layef preferably includes a single-crystal Si layer and an
Si oxide layer.

In the porous region removing method, the single-
crystal Si layer is preferably epitaxially grown on the
porous layer on the first substrate.

In the porous region removing method, the non-porous
layer preferably includes a single-crystal compound
semiconductor layer.

In the porous region removing method, the second
substrate preferably essentially consists of an Simaterial.

In the porous region removing method, the second
substrate preferably has an Si oxide layer on a surface to
be bonded to the first substrate.

In the porous region removing method, the second
substrate preferably comprises a transparent substrate.

According to the present invention, there is also
provided a porous region removing apparatus for removing a
porous region from a substrate having the porous region,
characterized by comprising means for executing the first

step of processing the porous region by an etchant while
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steps are preferably executed while conpletely dipping the substrate
to be processed in the etchant. In the porous region renoving
nmet hod, the first and/or second steps is preferably executed while
conpletely dipping 5 the substrate to be processed in the etchant.

In the porous region renoving nethod, the third step preferably
conpri ses renovi ng the porous regi on remnaini ng on the substrate by a
hi gh- pressure fl uid. In the porous region renoving nethod, the
third step 10 preferably conprises renoving the porous region remaining
on the substrate by scrubbing. I n the porous region renoving

met hod, in prosgssiyigg & ultraSURsé v W kBesepahantg ndsulfor-asoni ¢
wave to the etchant, a relative positional relatlonshlp bet ween an

ul trasonic executing the second step of processing the porous region

by the etchant without supplying any ultrasonic wave to the

etchant or while supplying an ultrasonic wave weaker than

5 the ultrasonic wave supplied in the first step to the etchant,

and means for executing the third step of removing the porous

region remaining on the substrate.
Further objects, features and advantages of the present
invention will become apparent from the following detailed

10 description of embodiments of the present invention with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figs. 1A to 1C are views for explaining the principle
of a porous layer removing method according to a preferred
embodiment of the present invention;

Figs. 2A to 2C are views showing a fabrication method
according to the first application example of the porous

20 layer removing method;

Figs. 3A to 3F are views showing a semiconductor
substrate manufacturing method according to another
preferred embodiment of the present invention;

Fig. 4 is a perspective view showing the first

25 arrangement of a wafer processing apparatus;

Fig. 5 is a perspective view showing the second
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15 source and the substrate is preferably changed. In the

porous region renoving nethod, in processing the substrate while
supplying the ultrasonic wave to the etchant, the substrate is
preferably swng in the etchant. In the porous region renoving
met hod, in processing the 20 substrate while supplying the ultrasonic
wave to the etchant, the substrate is preferably rotated.

In the porous region renoving nethod, in processing the substrate
whi |l e supplying the ultrasonic wave to the etchant, a position of at

| east one of the substrate and the ultrasonic 25 source is preferably
changed subst antrealgkeyentt af diheectafer procepsirsd lappagatpet pendi cular to a
vi bration plane of the
Fig. 6 is a perspective view showing the third
arrangement of the wafer processing apparatus;
Fig. 7A is a view showing operation of the wafer
5 processing apparatus shown in Fig. 6;
Fig. 7B is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
Fig. 7C is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
10 Fig. 7D is a view showing operatibn of the wafer
processing apparatus shown in Fig. 6;
Fig. 7E is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
Fig. 8 is a perspective view of a swing assist member
15 1in the wafer processing apparatus shown in Fig. 6;
Fig. 9 is a view showing the fourth arrangement of the
wafer processing apparatus;
Fig. 10 is a view showing the fifth arrangement of the
wafer processing apparatus;
20 Figs. 112 and 11B are views showing a modification of
the wafer processing appératus shown in Fig. 5 or 6; and
Figs. 12A to 12C are views showing the seventh

arrangement of the wafer processing apparatus.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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- 5- ul trasoni c wave. I n the porous region renoving

nmet hod, in processing the substrate by the etchant, the substrate is
preferably swing or rotated. 5 In the porous region renoving
met hod, in processing the substrate by the etchant, the etchant is
preferably circulated to forma flow of etchant near the substrate.

I n-the porous region renoving nethod, preferably, the first and second
steps are executed while dipping the 10 substrate in the sane etching
tank, the first step conprises operating the ultrasonic source, and
the second step

The present invention is suitable for a method of
sequentially forming a porous layer and a non-porous layer
on a first substrate, bonding the first substrate to a
separately prepared second substrate, separating the bonded

5 substrate stack into two substrates at the porous layer to
transfer the non-porous layer formed on the first substrate
side to the second substrate side, and removing the porous
layer remaining on the surface on the second substrate side,
thereby manufacturing an SOI substrate.

10 As the first substrate, a single-crystal Si substrate
can be used. In this case, the porous layer is a porous Si
layer. On the porous Si layer, a single-crystal Si layer can
be epitaxially grown as a non-porous layer. An insulating
layer such as an Si0, layer may be formed on the single-crystal

15 Si layer.

In the embodiment, the first substrate on which the
porous Si layer and the non-porous layer are sequentially
formed is bonded to the separately prepared second substrate
to form a bonded substrate stack. After the bonded substrate

20 stack is separated into two substrates at the porous Si layer,
the porous Si layer remaining on the second substrate side
is pemoved by, e.g., wet etching.

In etching the porous Si layer, break of the porous Si
layer can be prompted by supplying an ultrasonic wave to the

25 etching tank. More specifically, when an ultrasonic wave is

supplied into the etching tank, and more specifically, to
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conpri ses stopplng operation of the ultrasonic source. In the
porous region renoving nethod, preferably, the first and second steps
are executed while dipping the 15 substrate in the sane etching tank, the
first and second steps conprise continuously operating the ultrasonic
source, and the second step conprises inserting an ultrasonic

shi el di ng pl ate between the ultrasonic source and the substrate.

In the porous region renoving nethod, the substrate to 20 be processed
preferably essentially consists of single crystal Si. In
the porous region renmoving nethod, the porous region preferably

essentially C@l@é'bﬂrﬁe@fsM%esbtack durin etéHlnbhe% QH31568G] PRe T €MDVI NQ
nmet hod, the porous region 25 is preferab y forned by anodizing a
si ngl e- cryst apofbus Si layer can be broken before they become thin. Since
the time from the start to the end of break of pore walls
in the porous Si layer can be greatly shortened, the etching
5 selectivity ratio between the porous layer and the underlying
second substrate (e.g., a single-crystal Si substrate) can
be increased. Hence, SOI thickness variations in surface of
the second substrate and SOI thickness variations between
the substrates afte-r removal of the porous layer are
10 suppressed, and a high-quality SOI substrate _having a
single~crystal Si layer with high film thickness uniformity
can be obtained.
However, if the porous layer on the substrate to be
etched has variations in thickness, it may be difficult to
15 ensure high film thickness uniformity of the surface layer
(single-crystal Si layer) of the second substrate after
removal of the porous Si layer. Especially in mass
production, this problem may result in a low yield.
In this embodiment, a method of more properly ensuring
20 high film thickness uniformity of the surface layer
{(single-crystal Si layer) of the second substrate after
removal of the porous Si layer is provided.
Figs. 1A to 1C are views for explaining the principle
of a porous layer removing method according to a preferred
25 embodiment of the present invention. Referring to Figs. 1A

to 1C, reference numeral 201 denotes an underlying substrate
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Substrate. - 6- In the
porous region renoving nethod, preferably, as the etchant, any one of
(a) fluoric acid, (b) a m xed solution prepared by adding at |east one
of an 5 alcohol and hydrogen peroxide to fluoric acid, (c) buffered
fluoric acid, and (d) a m xed solution prepared by adding at |east
one of an al cohol and hydrogen peroxide to buffered fluoric acid

(second substrate); 202, a porous layer; and 203, an etchant.

In Fig. 1A, the pores of the porous layer 202 are filled
with the etchant 203 to the deepest portions. At this time,
anultrasonic wave is preferably supplied to the object (e.g.,

5 a bonded substrate stack) to be processed. When an
ultrasonic wave is supplied, the speed at which the pores
are filled with the etchant increases.

In Fig. 1B, the pores grow by the etching function. At
this time, preferably, no ultrasonic wave is supplied to the

10 object tobe processed, or the ultrasonic strength is reduced.
If an ultrasonic wave is supplied, the porous layer starts
to break as soon as the walls between adjacent pores become
thin to some degree as the pores grow. Since the porous layer
breaks first at thin portions, the surface of the underlying

15 substrate 201 is etched in these portions. In this case,
obviously ﬁilm.thickness uniformity of the surface layer of
the substrate 201 degrades. However, when no ultrasonic wave
is supplied, the pores do not break unless they become much
thinner than in a case wherein an ultrasonic wave is supplied.

20 In this case, therefore etching can be prevented from locally
excessively progressing.

Even when no ultrasonic wave is supplied to the object
to be processed, etching progresses not only in the
horizontal direction (planar direction) but also in the

25 +wvertical direction. However, the influence on etching is

negligible compared to the case wherein an ultrasonic wave
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I's used. 10 According to the present invention, there is also
provi ded a sem conduct or substrate manufacturing nethod characterized
by conprising the steps of form ng a porous | ayer and at | east one
non- porous |ayer on a first substrate, bondi ng a second substrate to
t he non-porous | ayer side of 15 the first substrate, renoving the first
substrate fromthe bonded substrate stack to expose the porous |ayer
ona surface of the second substrate, and renoving the porous |ayer on
t he second substrate using the above porous regi on renoving met hod.
20 In the porous region renoving nethod, the step of exposi ng
t he porous | ayjer sppeleedbly conprises grinding, pol i shing, or etching
the first substrate froma | ower
In Fig. 1C, the porous layer 202 with thin pore walls
is removed. Not only etching but also polishing, scrubbing,
or the water jet method can be applied to this step. In this
5 step, the porous layer having a fragile structure upon
etching is removed at once.
When etching is applied to the step shown in Fig. 1C,
the steps in Figs. 1A to 1C can be executed using the same
etching tank. In this case, the step shown in Fig. 1B is

10 executed until porewalls at the deepest portion of the porous
layer are thinned to immediately break in the entire region
upon resupply of an ultrascnic wave, and then, the step in
Fig. 1C is executed (supply of an ultrasonic wave). With
this process, the porous layer can be removed at once, and

15 almost simultaneously, the underlying substrate 201 can be
exposed in the entire region of the object to be processed.

For this reason, variations in etching can be reduced, and
a given planarity of the underlying substrate 201 can be
maintained.

20 The above porous layer removing method can be easily
applied to batch processing of a number of substrates. More
specifically, for each of a number of objects to be processed,
after the pore walls at the deepest portion of the porous
layer are thinned to allow immediate break in the entire

25 region in the step shown inFig. 1B, the step shown inFig. 1C

is executed.

R
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surface side of the first substrate of the bonded substrate st ack,

t hereby exposing the porous |ayer on the surface of 25 the second
substrat e. I n the porous region renoving nethod, the step of
exposi ng the porous |ayer preferably conprises dividing the bonded
substrate stack at the porous |ayer, thereby exposing t he porous | ayer
on the surface of the second substrate. In the porous region
renovi ng net hod, the non-porous

This porous layer removing method is preferably
practiced while completely dipping the object to be processed
in the etchant. In this case, particles canbe prevented from
sticking to the object to be processed near the interface

5 between the etchant and air.

According to this porous layer removing method, by
supplying an ultrasonic wave, etching is prompted to break
the porous layer, and particles can be efficiently removed
from the object to be processed.

10 When the porous layer is removed while changing the
relative positional relationship between the ultrasonic
source (e.g., an ultrasonic vibrator) and the object to be
processed and, more specifically, the positional
relationship between the substrate and a standing wave

15 generated between the ultrasonic vibration surface and the
liquid surface of the etchant, processing can be uniformly
performed in all regions of the substrate surface. Todo this,
for example, the substrate is rotated, the substrate is swung,
a carrier holding the substrate is swung, or the ultrasonic

20 source is moved.

Application examples of the porous layer removing
method will be described below.

(First Application Example)

The first application example is associated with an

25 object fabrication method. Figs. 2A to 2C are views showing

the fabrication method of this application example. In

This Sheet Has Been Replaced

- I

[



5 layer preferably includes a single-crystal Si |ayer. In the
porous region renoving nethod, the non-porous | ayer preferably
i ncludes a single-crystal Si |layer and an Si oxide | ayer.
In the porous region renoving nethod, the single- 10 crystal Si layer is
preferably epitaxially grown on the porous | ayer on the first
substrate. In the porous region renoving nethod, the non-porous
| ayer preferably includes a single-crystal conpound sem conduct or
| ayer. 15 In the porous region renoving nmethod, the second
substrate preferably essentially consists of an Si materi al In
t he porous regiigon 22emavi 3¢ sebsorbtd Wisdoeally haviudbgdrate ghief erably has
an Si oxide |ayer on a surface to be bonded to the first substrate.
portions 402 is prepared. The Si substrate 401 is obtained
by, e.g., forming a resist film on the Si substrate,
patterning the resist f£film by lithography, and anodizing the
5 resultant structure. In place of the resist film, a
patterned Si,N, film or wax may be employed. As this wax,
wax having fluoric acid resistance, e.g., Apizoen wax (trade
name) can be used.
In Fig. 2B, a non-porous layer (pattern) 403 is formed
10 on the surface of the Si substrate shown in Fig. 2A.
In Fig. 2C, the porous Si portions 402 are removed.
More specifically, first, the substrate shown in Fig. 2B,
with the porous Si portions 402 exposed, is set in an etching
apparatus having an etching tank filled with an etchant for
15 porous Si,  and etching is performed while supplying an
ultrasonic wave.
When the pores of the porous Si portions 402 are
sufficiently filled with the etchant, supply of the
ultrasonic wave is stopped, and etching is continued. In
20 this process, the pore walls in the porous Si portions 402
gradually thin. The color of porous Si portions 402 also
gradually becomes lighter when viewed from the surface (lower
side of the drawing). When the pore walls have sufficiently
thinned, the underlying non-porous layer (pattern) 403 can

25 be seen through the porous Si portions 402.

In this state, the remaining porous Si portions are
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20 In the porous region renoving nethod, the second substrate
preferably conprises a transparent substrate. According to the
present invention, there is also provi ded a porous region renoving
apparatus for renoving a porous region froma substrate having the
porous region, 25 characterized by conprising nmeans for executing the
first step of processing the porous region by an etchant while

8 supplying an ultrasonic wave to the etchant, neans for

removed. To remove the porous Si portions, for example, 1)
etching is performed while resupplying an ultrasonic wave,
or 2) etching is performed using an etchant with high Si
etching rate.
5 To leave a hard structure, the porous Si portions may
be removed by a jet of water.
When the entire Si substrate 401 is made of porous Si,
only the non-porous layer formed on the substrate can be left.
In addition, when the non-porous layer 403 is patterned, as
10 described above, various structures including a cantilever
shown in Fig. 2C can be formed.
(Second Application Example)
The second application example is associated with a
semiconductor substrate manufacturing method. Figs. 3A to
15 3F show the semiconductor substrate manufacturing method of
this application example. In Fig. 3A, a first single-
crystal Si substrate 501 is prepared, and a porous Si layer
502 is formed on one surface of the first single-crystal Si
substrate 501. InFig. 3B,atleastonenbn—porous1ayer503
20 is formed on the porous Si layer 502. As the non-porous layer
503, a single-crystal Si layer, a polycrystalline Si layer,
an amorphous Si layer, a metal layer, a compound
semiconductor layer, or a superconductor layer is suitable.
As the non-porous layer 503, a layer including a device
25 structure such as a MOSFET may be formed. An SiQO, layer 504

is preferably formed on the surface layer, thus completing
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executlng t he second step of processing the porous region by the

et chant wi thout supplying any ultrasonic wave to the etchant or while
supplying an ultrasoni c wave weaker than 5 the ultrasonic wave supplied in
the first step to the etchant, and neans for executing the third step
of renoving the porous region remai ning on the substrate.

Furt her objects, features and advantages of the present I nvention wll
beconme apparent fromthe followi ng detailed 10 description of enbodi nents
of the present invention with reference to the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figs; 1A to 1C are views for

expl ai ni ng thenprfpeddl Substratl anpoy Qi | AL rRPYsNgsAeL Pogh agcor ding
to a preferred
because when the first substrate is bonded to a second
substrate 505, the interface states of the bonding interface
can be separated from the active layer.

5 Subsequently, as shown in Fig. 3D, the separately
prepared second substrate 505 is brought into contact with
the first substrate shown in Fig. 3C at room temperature via
the Si0, layer 504. After this, anode bonding, pressing, a
heat treatment as needed, or a combination thereof is

10 performed to firmly bond the substrates.

When a single-crystal Si layer is formed as the
non-porous layer 503, the first substrate is preferably
bonded to the second substrate 505 after the SiO, layer 504
‘is formed on the surface of the single-crystal Si layer by,

15 e.g., thermal oxidation.

As the second substrate 505, an Si substrate, a
substrate obtained by forming an SiO, layer on an Si substrate,
a transparent substrate consisting of silica glass or quartz,
or a sapphire substrate is suitablle. Any other substrate can

20 Dbe used as far as the second substrate 505 has a sufficiently
flat surface to be bonded.

Fig. 3D shows a state wherein the first substrate and
the second substrate are bonded via the SiO, layer 504. If
the non-porous layer 503 or the second substrate does not

25 consist of Si, the Si0O, layer 504 need not be formed.

In bonding, an insulating thin plate may be inserted
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enbodi mrent of the present invention; Figs. 2A to 2C are views

showi ng a fabrication nethod according to the first application
exanpl e of the porous 20 |[|ayer renoving nethod; Figs. 3Ato 3F
are views showi ng a sem conduct or substrat e manufacturing net hod
according to anot her preferred enbodi nent of the present invention;
Fig. 4 is a perspective view showng the first 25 arrangenent of a wafer
processi ng appar at us; Fig. 5is a perspective view show ng the
second

between the first and the second substrates.

In Fig. 3E, the first Si substrate 501 is removed from
the second substrate side at the porous Si layer 502. To
remove the first substrate, either the first substrate side

5 is discarded by grinding, polishing, or etching, or the
bonded substrate stack is separated into the first substrate
side and the second substrate at the porous Si layer 502.

In Fig. 3F, the porous Si layer 502 remaining on the

surface on the second substrate side is removed. More

10 specifically, first, the second substrate side is set in an
etching tank filled with a pordus Si etchant, and etching
is performed while supplying an ultrasonic wave.

When the pores of the porous Si portions are
sufficiently filled with the etchant, supply of the

15 ultrasonic wave is stopped, and etching is continued. In
this process, the pore walls in the porous Si layer 502
gradually thin. The color of porous Si layer 502 also
gradually becomes lighter when viewed from the surface. When
the pore walls have sufficiently thinned, the underlying

20 non-porous layer (e.g., a single-crystal Si layer) 503 can
be seen through the porous Si layer 502.

In this state, the remaining porous Si layer 502 is
removed. To remove the porous Si layer, for example, 1)
etching is performed while resupplying an ultrasonic wave,

25 2) etching is performed using an etchant with high Si etching

rate, 3) the porous Si layer 502 is removed by a jet of water,
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arrangenent of the waf er processi ng appar at us; Fig. 6is a

perspective view showng the third arrangenent of the wafer processing
appar at us; Fig. 7Ais a view show ng operation of the wafer 5
processi ng apparatus shown in Fig. 6; Fig. 7B is a view show ng
operation of the wafer processi ng apparatus shown in Fig. 6;

Fig. 7Cis a view show ng operation of the wafer processi ng appar at us
shown in Fig. 6; 10 Fig. 7D is a view show ng operation of the wafer
processi ng apparatus shown in Fig. 6; Fig. 7TEis a view show ng

operation of the wafer
4) the porous Si layer 502 is polished, or 5) scrubbing is

performed.
Fig. 3F is aview schematically showing a semiconductor
substrate (SOI substrate) obtained by the above method. The
5 non-porous layer {(e.g., a single-crystal Si layer) 503 with
a flat surface and uniform film thickness is formed on the
second substrate 505 via the insulating layer (e.g., an Sio,
layer) 504. According to this method, a large-area
semiconductor substrate having high quality can be

10 manufactured.

When an insulating substrate is employed as the second
substrate 505, the semiconductor substrate obtained by the
above manufacturing method is very useful to form an
insulated electronic device.

15 When the bonded substrate stack shown in Fig. 3D is
divided at the porous Si layer 502, the first substrate can
be reused after the porous Si la‘yer 502 remaining on the first
substrate 501 is removed, and the surface is planarized, as
needed.

20 Specific examples of a wafer processing apparatus
suitable to remove a porous layer will be listed below.
(First Arrangement of Processing Apparatus)

Fig. 4 is a perspective view showing the schematic
arrangement of a wafer processing apparatus suitable to

25 remove a porous layer.

In a wafer processing apparatus 100, members which may
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proce55|ng apparatus shown in Fig. 6; Fig. 8 is a perspective
view of a swing assist nenber 15 in the wafer processing apparatus shown

in Fig. 6; Fig. 9 is a view showing the fourth arrangenment of

t he waf er processi ng appar at us; Fig. 10 is a view show ng
the fifth arrangenent of the waf er processing apparatus; 20

Figs. 11A and | 1B are views showi ng a nodification of t he wafer
processi ng apparatus shown in Fig. 5 or 6; and Figs. 12A to 12C
are views show ng the seventh arrangenment of the wafer processing
appar at us. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT

come into contact with the process solution are preferably
made of silica glass or a plastic in accordance with their
application purposes. As the plastic, a fluoroplastic,
vinyl chloride, polyethylene, polypropylene, polybutylene

5 terephthalate (PBT), or polyether ether ketone (PEEK) can
be used. As the fluoroplastic, PVDF, PFA, or PTFE is
suitable.

The wafer processing apparatus 100 comprises a wafer
processing tank 110, an overflow tank 120, an ultrasonic tank

10 130, and a wafer rotating mechanism (111 to 119) for
supporting wafers 140 while rotating them.

Before processing wafers, the wafer processing tank 110
is filled with a process solution (etchant). The overflow
tank 120 for temporarily storing the process solution

15 overflowing from the wafer processing tank 110 is mounted
on the upper portion the wafer processing tank 110 to surround
it. The process solution temporarily stored in the overflow
tank 120 is discharged from the bottom portion of the overflow
tank 120 to a circulator 121 through a discharge pipe 121a.

20 The circulator 121 filters the discharged process solution
to remove particles and sends the process solution to the
bottom portion of the wafer processing tank 110 through a
supply pipe 121b. With this arrangement, particles in the
wafer processing tank 110 are efficiently removed.

25 The wafer processing tank 110 preferably has a depth

with which the wafers 140 can be completely immersed. With
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- 10 - The present invention is suitable for a nethod of

sequentially formng a porous |layer and a non-porous | ayer on a first
substrate, bonding the first substrate to a separately prepared second
substrate, separating the bonded 5 substrate stack into two substrates at
t he porous |ayer to transfer the non-porous |ayer formed on the first
substrate side to the second substrate side, and renoving the porous

| ayer remai ning on the surface on the second substrate side, t her eby
manuf acturi ng an SO substrate. 10 As the first substrate, a

single-crystal Si substrate
this arrangement, particles in the air or near the liquid

surface can be prevented from adhering to the wafers 140.
The ultrasonic tank 130 is located under the wafer
processing tank 110. Inside the ultrasonic tank 130, an
S ultrasonic source 131 is supported by an adjustment mechanism
132. The adjustment mechanism 132 has, as mechanisms for
adjusting the relative positional relationship between the
ultrasonic source 131 and the wafer processing tank 110 has
a mechanism, a mechanism for adjusting the vertical position
10 of the ultrasonic source 131 and a mechanism for adjusting
the horizontal position. With this mechanism, the
ultrasonic wave to be supplied into the wafer processing tank
110 and, more specifically, to thewafers 140 can be optimized.
The ultrasonic source 131 preferably has a function of
15 adjusting the frequency or strength of the generated
ultrasonic wave. With this arrangement, supply of an
ultrasonic wave can be further optimized. By imparting the
function of optimizing supply of an ultrasonic wave to the
wafers 140, the ultrasonic wave can be supplied individually
20 to a variety of types of wafers. The ultrasonic tank 130 is
filled with an ultrasonic transmission medium (e.g., water),
so the ultrasonic wave is transmitted to the wafer processing
tank 110 through the ultrasonic transmission medium.
The wafer processing apparatus 100 has a control section
25 for ON/OFF-controlling the ultrasonic source 131. With this

control section, porous layer removing processing can be
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can be used. In this case, the porous |layer is a porous Si | ayer. On

the porous Si |ayer, a single-crystal Si |ayer can be epitaxially
grown as a non-porous layer. An insulating | ayer such as an SiJerr]

| ayer maybe formed on the single-crystal 15 Si |ayer. In the
enbodi nent, the first substrate on which the porous Si |ayer and the
non- porous | ayer are sequentially formed is bonded to the separately
prepared second substrate to forma bonded substrate stack. Afterthe
bonded substrate 20 stack is separated into two substrates at the porous
Si |ayer, the porous Si |ayer remaining on the second substrate side
IS renoved by,cRt@o1148t etching. In etching the porous S

| ayer, break of the porous Si | ayer can be pronpted by supplying an

ul trasoni c wave toThBewafers 140 are held to be almost perpendicular to
the bottom surface of the wafer processing tank 110 by four
wafer rotary rods 111 each having grooves llla engaging with
5 the wafers 140. The wafer rotary rods 111 have a function
of supporting the wafers 140 while rotating them and
constitute part of the wafer rotating mechanism. Each wafer
rotary rod 111 is pivotally supported by a pair of rod support
members 118 opposite to each other, so the wafer rotary rods
10 111 rotate in the same direction upon receiving a driving
torque generated by a motor 119. Each wafer rotary rod 111
preferably has a small diameter not to impede transmission
of the ultrasonic wave.
The number of wafer rotary rods 111 is preferably as
15 small as possible. To ensure a desired frictional forcewith
respect to the wafers 140, preferably, two wafer rotary rods
111 for limiting movement in the rolling direction (X-axis
direction) of the wafers 140, and two wafer rotary rods 111
for supporting the wafers 140 from the lower side are provided.
20 When two wafer rotary rods 111 are disposed at an appropriate
interval below the wafers, the driving torque can be
efficiently transmitted to the wafers having an orientation
flat. If only one wafer rotary rod 111 is placed underneath
the wafers, and the orientation flat is positioned above this
25 wafer rotary rod 111, the wafers cannot be rotated by the

wafer rotary rod 111.
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25 etchlng tank More specifically, when an ultrasonic wave is

supplied into the etching tank, and nore specifically, to

t he bonded substrate stack during etching, pore walls in the por ous
Si | ayer can be broken before they beconethin. Since the tinme from
the start to the end of break of pore walls in the porous Si |ayer
can be greatly shortened, the etching 5 selectivity ratio between the
porous | ayer and the underlying second substrate (e.g., a
single-crystal Si substrate) can

Normally, a standing wave, i.e., an ultrasonic wave
having a high-strength portion and a low-strength portion
is formed between the bottom surface of the wafer processing
tank 110 and the liquid surface. However, since this wafer

5 processing apparatus 100 can process the wafers 140 while
rotating them, nonuniformity in processing due to the
standing wave can be reduced.

In the wafer processing apparatus 100, the number of
menmbers on the bottom portion of the wafer processing tank

10 110 or around the wafers 140 is decreased as small as possible.
For this reason, the ultrasonic wave can be efficiently and
uniformly supplied to the wafers 140. Inaddition, with this
arrangement, since the process solution can freely flow
around the wafers 140, the wafers can be uniformly processed,

15 and processing defects can be prevented.

(Second Arrangement of Wafer Processing Apparatus)

Fig. 5 is a view showing the schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer.

20 In a wafer processing apparatus 10, members which may
come into contact with the process solution are preferably
made of silica glass or a plastic in accordance with their
application purposes. As the plastic, a fluoroplastic,
vinyl chloride, polyethylene, polypropylene, polybutylene

25 terephthalate (PBT), or polyether ether ketone (PEEK) can

be used. As the fluoroplastic, PVDF, PFA, or PTFE is
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be i ncreased. Hence, SO thickness variations in surface of t he

second substrate and SO thickness variations between the substrates
after renoval of the porous layer are 10 suppressed, and a high-quality
SO substrate having a single-crystal Si layer with high film

t hi ckness uniformty can be obt ai ned. However, if the
porous | ayer on the substrate to be etched has variations in
thickness, it may be difficult to 15 ensure high filmthickness
uniformty of the surface |ayer (single-crystal Si layer) of the
second substrate after renmoval of the porous Si layer. Especially in
nmass prodigita®le . this problemmay result in a |l ow yield.

In this enbodi ment, a nethod of nore properly ensuring 20 high film
t hi ckness un|forn1twb@fwhherspfé@gaujgy@bparatus(f@rggm%rqgggtglwgkefayer)

of the second substrate after
processing tank 11, and a holder driving mechanism 31 for
swinging a wafer holder 21 in the wafer processing tank 11.
5 The wafer processing apparatus 10 preferably has an
ultrasonic tank 61.

Before processing wafers, the wafer processing tank 11
is filledwith a process solution. The wafer processing tank
11 has a four-side overflow tank 12. The process solution

10 is supplied by a circulator 71 with a filter from the bottom
portion of the wafer processing tank 11 into the wafer
processing tank 11. The process solution overflowing from
.the wafer processing tank 11 is stored in the four-side
overflow tank 12 and discharged from the bottom portion of

15 the four-side overflow tank 12 to the circulator ’71. In this
wafer processing apparatus 10, the wafer holder 21 is swung
by the holder driving mechanism 31, and simultaneously, the
process solution is stirred. For this reason, the
circulating system including the four-side overflow tank 12

20 is extremely effective to maintain a constant liquid surface
of the process solution.

As the wafer holder 21, a commercially available product
can be used. The wafer holder 21 is preferably made of silica
glass or a plastic. As the plastic, a fluoroplastic, vinyl

25 chloride, polyethylene, polypropylene, polybutylene

terephthalate (PBT), or polyether ether ketone (PEEK) can
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renoval of the porous Si layer is provided. Figs. 1Ato 1
views for explaining the principle of a porous |ayer renoving nethod
according to a preferred 25 enbodinent of the present invention Referring

to Figs. 1A to 1C, reference nuneral 201 denotes an underlying
substrate (second substrate); 202, aporous |ayer;
203, anetchant. In Fig. 1A, the pores of the porous | ayer
filled with the etchant 203 to the deepest portions. At this ti

10

15

20

25

be used. As the fluoroplastic, PVDF, PFA, or PTFE is
suitable.

The holder driving mechanism 31 has a pair of holding
portions 3la for holding the wafer holder 21. The wafer
holder 21 is held by the pair of holding portion 31la and dipped
in the wafer processing tank 11. Desired processing can be
performed for a wafer 40 while swinging the wafer holder 21
in the wafer processing tank 11. The holder driving
mechanism 31 has a function of conveying the wafer holder
21 storing wafers 40 which have been processed in the
preceding step. to the wafer processing tank 11 or to the next
step. The holder driving mechanism 31 also has a function
as part of the wafer processing apparatus 10.

In this embodiment, the holding portions 3la hold the
wafer holder 21, so thewafer 40 is indirectly held. However,
the holding portions 3la may be replaced with, e.g., chuck
pads to directly hold the wafer 40. The direction in whicﬁ
the wafer 40 is held is not limited to the direction
perpendicular to the bottom surface of the wafer processing
tank 11 and may be parallel to the bottom surface.

The ultrasonic tank 61 has an ultrasonic source 51 and
igs filled with an ultrasonic transmission medium (e.g.,
water). The ultrasonic source 51 is fixed on an adjustment
mechanism 62 for adjusting the vertical and/or horizontal
position of the ultrasonic source 51. When the positional

relationship between the ultrasonic source 51 and the wafer
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anul trasonic wave is preferably supplied to the object (e.g., 5 a bonded
substrate stack) to be processed. Wen an ul trasonic wave is supplied,
t he speed at which the pores are filled with the etchant increases.

In Fig. 1B, the pores grow by the etching function. At this tine,
preferably, no ultrasonic wave is supplied to the 10 object to be
processed, or the ultrasonic strength is reduced. If an ultrasonic
wave i s supplied, the porous |ayer starts to break as soon as the
wal | s between adj acent pores becone thin to sone degree as the pores
grow. Since the porous |ayer breaks first at thin portions, the

surface of t hepypdesbyi gt arkS115UbSd Rlsk 0Ly | e LEEdchdnt hEEBaATLRI ONS.

In this case, obviously filmthi'ckness uniformty of the surface |ayer

of the sulggt ratecuPOdabamase tHMEKH1 3o BRe Walfb2 S sWang

tank 11 and, more specifically, to the wafer 40 can be
optimized. The ultrasonic source 51 preferably has a

5 function of adjusting the frequency or strength of the
generated ultrasonicwave. With this arrangement, supply of
an ultrasonic wave can be further optimized. By imparting
the function of optimizing supply of an ultrasonic wave to
the wafer 40, the ultrasonic wave can be supplied

10 individually to a variety of types. of wafers.

The wafer processing apparatus 10 has a control section
for ON/OFF-~-controlling the ultrasonic source 51. With this
control section, porous layer removing processing can be
controlled.

15 (Third Arrangement of Wafer Processing Apparatus)

Fig. 6 is a view showing the schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer. Figs. 7A to 7E are views showing operation of the
wafer processing apparatus shown in Fig. 6. Fig. 8 is a

20 perspective view of a swing assist member in the wafer
processing apparatus shown in Fig. 6.

The wafer processing tank 11 preferably has, on the
bottom surface, a swing assist membef 13 for increasing the
efficiency of swing of the wafer 40 by the holder driving

25 mechanism 31. The swing assist member 13 comes into contact

with the side surface of the wafer 40 held by the wafer holder
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S supplled the pores do not break unless they becone nuch t hi nner
than in a case wherein an ultrasonic wave is supplied. 20 In this case,
t herefore etching can be prevented fromlocally excessively

progr essi ng. Even when no ultrasonic wave is supplied to the
obj ect to be processed, etching progresses not only in the

hori zontal direction (planar direction) but also in the 25 wvertical
direction. However, the influence on etching is negl i gi bl e conpared
to the case wherein an ultrasonic wave

21 when the wafer holder 21 moves, thereby rotating and
vertically moving the wafer 40 in the wafer holder 21 by the
frictional force. The swing assist member 13 is useful to
improve the surface uniformity of the processed wafer.

5 It is also effective to use a driving mechanism for
vertically (Y-axis direction) and/or horizontally (X-axis
direction) moving the swing assist member 13. 1In this case,
the swing assist member 13 itself moves to rotate the wafer
40 and vertically move the wafer 40 in the wafer holder 21.

10 Therefore, the range in which the holder driving mechanism
31 moves the wafer holder 21 can be made small. Inother words,
the wafer processing tank 11 can be made compact.

The ultrasonic tank 61 has the ultrasonic source 51 and
is filled with an ultrasonic transmission medium (e.g.,

15 water). The ultrasonic source 51 is fixed on the adjustment
mechanism 62 for adjusting the vertical and/or horizontal
position of the ultrasonic source 51. When the positional
relationship between the ultrasonic source 51 and the wafer
processitllg tank 11 is adjusted by the adjustment mechanism

20 62, theultrasonic wave to be supplied to the wafer processing
tank 11 and, more specifically, to the wafer 40 can be
optimized. The ultrasonic source 51 preferably has a
function of adjusting the frequency or strength of the
generated ultrasonicwave. With this arrangement, supply of

25 an ultrasonic wave can be further optimized. By imparting

the function of optimizing supply of an ultrasonic wave to
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I's supplied. In Fig. 1C, the porous layer 202 with thin pore
wal | s I's renoved. Not only etching but also polishing, scrubbing,

or the water jet nmethod can be applied to this step. Inthis 5 step, the
porous | ayer having a fragile structure upon etching is renoved at
once. When etching is applied to the step shown in Fig. 1C

the steps in Figs. 1A to 1C can be executed using the sane et chi ng
tank. In this case, the step shown in Fig. 1Bis 10 executed until pore
wal | s at the deepest portion of the porous | ayer are thinned to _

I mmedi ately break in the entire region upon resupply of an ultrasonic

wave, and thentheh@agtepad) the ultrdsohCel wa b Cif 85k CSPRRLY¥qOf an
ultrasonic wave). Wth this process, the porous |ayer can be renoved
at once, and individually to a variety of types of wafers.

The wafer processing apparatus 10 has a control section
for ON/OFF-controlling the ultrasonic source 51. With this

5 control section, porous layer removing processing can be
controlled.

Figs. 7A to 7E are views for explaining a wafer swing
method. In these drawings, arrows indicate the moving
directions of the wafer holder 21. Fig. 7A shows a state

10 immediately before the wafer starts to be swung. When the
start of wafer swing operation is instructed, the holder
driving mechanism 31 presses the holding portions 3la
downward under computer control, as shown in Fig. 7B. The
side surface of the wafer 40 comes into contact with the swing

15 assist member 13 midway this pressing. The wafer 40 is
supported by the swing assist member 13 at its lower portion.

When the swing assist member 13 comes into contact with
the wafer 40, particles may be produced albeit in a small
amount. To prevent this, the distal end portion of the swing

20 assist member 13 is preferably has a round shape, as shown
in Fig. 8, for smooth contact with the wafer 40.

The swing assist member 13 only need to assist swing
of the wafer 40 and therefore can have a shape not to impede
transmission of the ultrasonic wave, e.g., a thin plate-

25 like shape. With this arrangement, the ultrasonic wave can

be uniformly supplied to the wafer 40, and the wafer 40 can
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15 al nost sinultaneously, the underlying substrate 201 can be

in the entire region of the object to be processed.

exposed

For this reason,

variations in etching can be reduced, and a given planarity of the
under|ying substrate 201 can be mai nt ai ned. 20 The above
porous | ayer renoving nmethod can be easily applied to batch processing
of a nunber of substrates. Mire specifically, for eachof anunber of

obj ects tobeprocessed,

t he porous

execut ed.

10

15

20

25

after the pore walls at the deepest portion of

| ayer are thinned to allow imediate break in the entire
25 region in thestep shown inFig. 1B, the step shown in Fig. 1C

be uniformly processed.

In this wafer processing apparatus 10, the wafer 40 is
processed while changing the relative positional
relationship between the wafer 40 and the swing assist member
13, i.e., the relative positional relationship between the
wafer 40 and the wafer processing tank 11. For this reason,
slight nonuniformity of the ultrasonic wave due to the swing
assist member 13 poses no problem.

When the press amount of the wafer holder 21 is large
to some extent, the contact pressure between the wafer 40
and the swing assist member 13 can be increased. Hence,
sliding movement between the swing assist member 13 and the
wafer 40 is eliminated to prevent operation failures. If the
press amount is small, the gravity against the wafer 40 acts
more largely on the wafer holder 21 than on the distal end
portion of the swing assist member 13. When the swing assist
member 13 having the shape of this embodiment is used, the
press amount is preferably set to be about 30 mm after the
wafer 40 comes into contact with the swing assist member 13.

When the opera{:ion of pressing the wafer holder 21 is
ended, the holder driving mechanism 31 moves the holding
portions 3la to the right (positive X-axis direction) under
computer control, as shown in Fig. 7C. The wafer 40
substantially horizontally moves to the right (positive
X-axis direction) i.n the wafer précessing tank 11 while

rotating clockwise. The moving amount of the holding
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14- This porous |ayer renoving nmethod is preferably

practiced while conpletely dipping the obj ect to be processed in the
etchant. In this case, particles can be prevented from sticking to
the object. to be processed near the interface 5 between the etchant and
air. According to this porous |ayer renoving nmethod, by
supplying an ultrasonic wave, etching is pronpted to break t he porous
| ayer, and particles can be efficiently renoved fromthe object to be
processed. 10 When the porous layer is renmoved while changing the

rel ative positional relationship between the ultrasonic
portions 31a must be set within the range inwhich the holding

portions 3la donot collide against the lower opening portion
of the wafer holder 21.
When movement of the wafer holder 21 to the right
5 (positive X-axis direction) is ended, the holder driving
mechanism 31 moves the holding portions 3la upward under
computer control, as shown in Fig. 7D. The moving amount of
the holding portions 3la is preferably set within the range
in which the wafer 40 does not come close to a liquid surface
10 14 of the process solution. If the wafer 40 comes close to
the liquid surface 14, particles may adhere to the surface
of the wafer 40.

When movement of the wafer holder 21 upward is ended,

the holder driving mechanism 31 moves the holding portions

15 3la to the left (negative X-axis direction) under computer
control, as shown in Fig. 7E, so the initial state is restored
(Fig. 7a).

By repeating the_ above operation (Fig. 7A — Fig. 7B
— Fig. 7C - Fig. 7D — Fig. 7E), the wafer 40 can be

20 appropriately swung and uniformly processed,

According to the wafer processing apparatus 10, since
the wafer 40 is swung in tﬁe region where supply of an
ultrasonic wave is optimized by adjusting the ultrasonic tank
61, the ultrasonic wave acting on the wafer 40 can be

25 optimized.

As is known, the standing wave of an ultrasonic wave
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source (e.g., an ultrasonic vibrator) and the object to be

and, nore specifically, the positional rel ati onshi p between the
substrate and a standing wave 15 generated between the ultrasonic

vi bration surface and the liquid surface of the etchant, processing

can be uniformy per f or medi nal | r egi onsof t hesubstrat esurf ace.

Todot hi s,
swung,

for exanple, the substrate is rotated, the substrate is
a carrier holding the substrate is swng, or the ultrasonic

source i s noved. Application exanpl es of the porous |ayer

renovi ng
Exanpl e)

method wi |l be described bel ow. (First Application
has antheobBessandppbdeatdton exagpteminegsdotieatreal. Wi t h an

obj ect fabrication nethod. Figs. 2A to 2C are vi ews show ng

10

15

20

25

Therefore, it is difficult to uniform the ultrasonic wave
in the wafer processing tank 11.

However, in this wafer processing apparatus 10,
processing for the wafer 40 can be uniformed independently
of the nonuniform strength-distribution of the ultrasonic
wave because the holder driving mechanism 31 swings the wafer
40. Even when the wafer 40 is simply moved only in the
horizontal direction, vertical direction, or obligue
direction, processing for the wafer 40 can be uniformed.
When the wafer 40 is also swung in the axial direction (Z-axis
direction), nonuniformity in processing between wafers due
to the high-strength portion of the ultrasonic wave in the
horizontal plane can also be corrected.

Since the wafer processing apparatus 10 has the swing
assist member 13, the swing amount of the wafer 40 can be
efficiently increased. The fixed position of the swing
assist member 13 is not limited to the bottom portion of the
wafer processing tank 11. As far as the swing assist member
13 can contact all wafers 40 in the wafer holder 21, the swing
assist member 13 may be fixed on the inner wall of the wafer
processing tank 11 or on the holder driving mechanism 31 (in
this case, a mechanism for changing the relative positional
relationship between the holding portions 3la and the swing
assist member 13 is required).

In addition, according to the wafer processing
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the fabrication nmethod of this application exanple. In

-.15- Fig. 2A, an Si substrate 401 | ocally having porous S

portions 402 is prepared. The Si substrate 401 is obtained by, e.g.,
formng aresist filmon the Si substrate, patterning the resist film
by lithography, and anodizing the 5 resultant structure. |In place of the
resist film a patterned Si[err]Nerr] filmor wax may be enpl oyed. As
t hi s wax, wax having fluoric acid resistance, e.g., Apizoen wax (trade

apparatus 10, since no driving mechanism is present in the
wafer processing tank 11, particles are not produced due to
operation of the driving mechanism.

(Fourth Arrangement of Wafer Processing Apparatus)

5 Fig. 9 is a view showing the schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer.

In a wafer processing apparatus 300, the wafer 40 is
held almost parallel to the bottom surface of the wafer

10 processing tank 11 (i.e., almost parallel to the vibration
plane of the ultrasonic wave) and completely dipped in the
process solution (etchant) in the wafer processing tank 11,
and in this state, swung by a wafer moving mechanism 80,
thereby uniformly processing the wafer 40 and prevent

15 contamination by particles.

The wafer moving mechanism 80 holds the wafer 40 with
an arm 81 and swings the wafer 40 in the wafer processing
tank 11. The wafer 40 is preferably swung in a direction
crossing the vibration plane of the ultrasonic wave (i.e.,

20 in the vertical direction) and a direction parallel to the
vibration plane (i.e., in the horizontal direction).

In this wafer processing apparatus 300 as well,
preferably, the wafer 40 completely dipped in the process
solution is processed. In this case, particles can be

25 prevented from adhering to the wafer 40 near the interface

between the process solution and gas.
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nane) can be used. In Fig. 2B, a non-porous |ayer (pattern) 403
is formed 10 on the surface of the Si substrate shown in Fig. 2A

In Fig. 2C, the porous Si portions 402 are renoved. More specifically,
first, the substrate shown in Fig. 2B, with the porous Si portions 402
exposed, is set in an etching apparatus having an etching tank filled
with an etchant for 15 porous Si, and etching is perforned while
suppl yi ng an ul trasoni c wave. When the pores of the porous
Si portions 402 are sufficiently filled with the etchant, supply of

t he ultrasonic wave is stopped, and etching is continued. In 20 this
process, the pore wakksrdingheo ptiouafSic posteningt@pparatugrammyalthy t hin
The col or of porous Si portions 402 al so gradual |y becones |ighter

when vi ewed fr omfele48ucéncee (Wovfermly processed by swinging the wafer
40 in the wafer processing tank 11.
(Fifth Arrangement of Wafer Processing Apparatus)

5 Fig. 10 is a view showing the‘schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer. In the wafer processing apparatuses of the second to
fourth arrangements, wafers are processed while being swung.
In a wafer processing apparatus 500 of the fifth arrangement,

10 the speed of flow of the process solution (etchant) is
increased instead of swinging wafers.

In the wafer processing apparatus 500, a support portion
73 for supporting the wafer holder 21 is placed?at the lower
portion of the wafer processing tank 1l1. The process

15 solution supplied from the circulator 71 spouts from spout
ports 72 under the support portion 73 at a high speed. The
support portion 73 has a plurality of opening portions. The
process solution spouted from the spout ports 72 moves upward
through the opening portions.

20 When the process solution is circulated at a high speed,
the wafer 40 can be uniformly processed.

It is also effective to assemble the above-described
circulating mechanism (71 to 73) in the wafer processing
apparatus 10 shown in Fig. 5.

25 (Sixth Arrangement of Wafer Processing Apparatus)

In the above-described wafer processing apparatuses,

i
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side of the drawing). Wen the pore walls have sufficiently t hi nned,
t he underlyi ng non-porous |ayer (pattern) 403 can 25 be seen through the

porous Si portions 402. In this state, the remai ning porous S
portions are removed. To renove the porous Si portions,

. for example, 1) etching is performed while resupplying an ultrasonic
wave, or 2) etching is perforned using an etchant with high S

etching rate.

supply and nonsupply of the ultrasonic wave to the wafer

processing tank are switched by controlling the ultrasonic

source. Instead, a mechanism for shielding the ultrasonic

wave as needed may be inserted between the ultrasonic source
5 and the wafer.

A modification of the wafer processing apparatus shown
in Fig. 5 or 6 will be described. Figs. 11A and 11B show a
modification of the wafer processing apparatus shown in
Fig. Sor 6. InFigs. 11A and 11B, the overflow tank and the

10 circulator are omitted.

The wafer processing apparatus of this modification has
shutters 91 and 92 for shielding the ultrasonic wave, as
needed, between the ultrasonic source 51 and the bottom
surface of the wafer processing tank 11. To transmit the

15 ultrasonic wave to the wafer processing tank 11, the shutters
91 and 92 are opened by a driving section (not shown), as
shown inFig. 11A. Toshield the ultrasonic wave to the wafer
processing tank 11, the shutters 91 and 92 are closed by the
driving section (not shown), as shown in Fig. 11B. As the

20 material of the shutters 91 and 92, a material which hardly
transmits the ultrasonic wave, e.g., PFA or PTFE is suitable.
(Seventh Arrangement .of Wafer Processing Apparatus)

Figs. 12A to 12C are views showing the schematic
arrangement of a wafer processing apparatus suitable to

25 remove a porous layer. Fig. 12A is a front view, Fig. 12B
is a side view, and Fig. 1C is a plan view.

—————
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5 To | eave a hard structure, the porous Si portions may be
renoved by a jet of water. When the entire Si substrate 401 is
made of porous Si, only the non-porous |ayer forned on the substrate
can be left. I n addition, when the non-porous |ayer 403 is patterned,
as 10 described above, various structures including a cantilever

shown in Fig. 2C can be forned. (Second Application Exanpl e)

The second application exanple is associated with a sem conduct or
substrate manufacturing method. Figs. 3Ato 15 3F show the sem conductor
substrate manufacturing nmethod of this application exanple. In Fig.

S 1ayer 50T Sy BBt L B A 0 B R e A e PO
water)} 701 is sprayed from the spray nozzle 700, and the porous
layer of the wafer 40 is removed by the sprayed fluid.

In the example shown in Figs. 12A to 12C, the spray

5 nozzle 700 is scanned in the Z-axis direction while spraying
the fluid 701 from the spray nozzle 700 perpendicularly to
the wafer 40, thereby removing a porous layer 40a on the entire
surface.

Examples to which the above porous layer removing method

10 is applied will be described below.
(Example 1)

A film of a material having a HF resistance was formed
on the surface of a single-crystal Si substrate and patterned
to form a mask pattern having an opening. The single-crystal

15 Si substrate exposed in the opening portion was anodized in
an HF solution to form a porous layer. With this process,
a 50-um thick porous layer was formed on the single-crystal
Si substrate. Next, the mask pattern was removed. Instead
of forming a mask pattern on the single-crystal Si substrate,
20 the single-crystal Si substrate may be set in a holder with
which the HF solution can contact only the region where the
porous layer is to be formed, and subjected to anodizing.

The resultant substrate was set in the processing

apparatus 100 shown inFig. 4. The wéfer processing tank 110
25 of the processing apparatus 100 shown in Fig. 4 was filled

with a mixed solution (etchant) of fluoric acid, hydrogen
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substrate 501. In Fig. 3B, at |east one non-porous layer 503 20 is

formedon theporous Silayer 502. As the non-porous |ayer 503, a
single-crystal Si layer, a polycrystalline Si |ayer, an anor phous S

| ayer, a netal |ayer, a conpound sem conductor |ayer, or a
superconductor |layer is suitable. As the non-porous |layer 503, a |ayer
I ncluding a device 25 structure such as a MOSFET nmay be fornmed. An SiQ2
| ayer 504 is preferably formed on the surface |ayer, thus conpleting
17 -

peroxide, and pure water in advance. In the processing
apparatus 100, the substrate was rotated for about 2 hrs,
and at the same time, anultrasonic wave near 1 MHz was applied
to f£ill pores in the porous Si layer with the etchant.

5 The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. With this process, the pore walls
of the porous Si layer thinned.

Subsequently, the porous Si1 layer was completely

10 removed using the apparatus shown in Figs. 12A to 12C. As
a result, a structure having a 50-um deep recessed portion
on the substrate surface was formed.

The same structure as described above could be formed
using the apparatus shown in Fig. 5, 6, or 9.

15 (Example 2)

A film of a material having a HF resistance was formed
on the surface of a single-crystal Si substrate and patterned
to form a mask pattern having an opening. The single-crystal
Si substrate exposed in the opening portion was anodized in

20 an HF solution to form a porous layer reaching the lower
surface. Then, the mask pattern was removed. Instead of
forming a mask pattern on the single-crystal Si substrate,
the single-crystal Si substrate may be set in a holder with
which the HF solution can contact only the region where the

25 porous layer is to be formed, and subjected to anodizing.

Subsequently, a single-crystal Si layer having a
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the first substrate. This SiQ2 layer 504 is useful also because when
the first substrate is bonded to a second substrate 505, the interface
states of the bonding interface can be separated fromthe active

| ayer. 5 Subsequently, as shown in Fig. 3D, the separately _
prepared second substrate 505 is brought into contact with - the first
substrate shown in Fig. 3C at roomtenperature via the Sierr] |ayer
504. After this, anode bonding, pressing, a heat treatnment as needed,
or a conbination thereof is 10 perfornmed to firnmy bond the substrates.
When a single-crystal Si layer is forned as the non- porous | ayer 503,

the first substhatfnksspieheirklag formeci’%ﬁdé% tsQﬁEQ@e end ﬁﬁﬁ%%ctrra%tee 505
after the Sierr] |ayer 504 formed on the surface o e
singl e-crystal a§i al 2¥8a18¥nt Q@u&u&e bl Neh MBlx 1 dabisen.

The resultant substrate was set in the processing
apparatus 100 shown inFig. 4. The wafer processing tank 110

5 of the processing apparatus 100 shown in Fig. 4 was filled
with a mixed solution (etchant) of fluoric acid, hydrogen
peroxide, and pure water in advance. In the processing
apparatus 100, the substrate was rotated for about 6 hrs,
and at the same time, an ultrasonic wave near 0.25 MHz was

10 applied to fill pores in the porous Si layer with the etchant.

The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 2 hrs. With this process, the pore walls
of the porous Si layer thinned.

15 The ultrasonic source 131 was operated again for about
S min to completely remove the porous Si layer. As a result,
a single-crystal Si membrane including the epitaxial layer
(single-crystal Si layer) formed on the porous Si layer was
formed. The epitaxial layer had a virtually uniform

20 thickness on the entire surface.

A cantilever structure of single-crystal Si may be
formed, as shown in Fig. 2C, by partially removing the
epitaxial layer (single-crystal Si layer) in advance.

The same result as described above could be obtained

25 by the apparatus shown in Fig. 5, 6, or 9.

{Example 3)
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As the second substrate 505, an Si substrate, a substrat e obtai ned by

formng an Sigerr] layer on an Si substrate, a transparent substrate
consisting of silica glass or quartz, or a sapphire substrate is
suitable. Any other substrate can 20 be used as far as the second
substrate 505 has a sufficiently flat surface to be bonded.

Fig. 3D shows a state wherein the first substrate and t he second
substrate are bonded via the SiJerr] layer 504. |If t he non- porous

| ayer 503 or the second substrate does not 25 consist of Si, the SiQ2

| ayer 504 need not be forned. I n bonding, an insulating thin

plate may be insertgdirst single-crystal Si substrate was prepared. The
surface layer was anodized in a HF solution to form a porous

Si layer. The anodizing conditions were as follows.

Current density: 7 (mA/cm?)
5 Anodizing solution: HF : HO : CGHOH = 1 : 1 : 1
Time: 11 (min)

Thickness of porous Si layer: 12 (um)
This substrate was then oxidized in an oxygen atmosphere
at 400°C for 1 hr. Upon this oxidation, the inner wall of
10 each pore of the porous Si layer was covered with a thermal
oxide f£ilm. A single-crystal Si layer having a thickness of
0.30 um was epitaxially grown on the porous Si layer by CVD

(Chemical Vapor Deposition). The growing conditions were as

follows.
15 Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
Temperature: 950 (°C)
Growth rate: 0.3 (pm/min)
20 Subsequently, an SiO, layer having a thickness of 200

nm was formed on the epitaxial Si layer by thermal oxidation.
The surface of the Si0O, layer of the first substrate was
bonded to the surface of a prepared Si substrate (second
substrate) .
25 The first substrate side was removed by grinding,

polishing, or etching to expose the porous Si layer in the
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18 - between the first and the second substrates. In Fig.
3E, the first Si substrate 501 is renoved from t he second substrate
side at the porous Si layer 502. To renove the first substrate, either
the first substrate side 5 is discarded by grinding, polishing, or
etching, or the bonded substrate stack is separated into the first
substrate side and the second substrate at the porous Si |ayer 502.

In Fig. 3F, the porous Si |ayer 502 remai ning on the surface on the
second substrate side is renoved. More 10 specifically, first, the second
Substrate side is set in an etching tank filled with a porous S

et chant, and Qﬁgﬂ&@gregionighjgﬂg(yg@%gdm@hbgt§ygpjying an ul trasoni c wave.
The second substrate was set in the wafer processing
apparatus 100 shown inFig. 4. The wafer processing tank 110
of the processing apparatus shown in Fig. 4 was_filled.with
5 amixed solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus 100,
the second substrate was rotated for about 1.5 hrs, and at
the same time, an ultrasonic wave near 0.25 MHz was applied
to f£ill pores in the porous Si layer with the etchant.

10 The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. With this process, the pore walls
of the porous Si layer thinned.

The ultrasonic source 131 was operated again for about

15 5 min to completely remove the porous Si layer. At this time,
when the etchant is appropriately circulated, as shown in
Fig. 10, surface uniformity of the processed substrate
increases.

The ultrasonic wave is applied to the etchant for the

20 porousSilayer,thesubstrateisxotated,andsimultaneously,
the etchant is circulated to fill the pores in the porous
layer on the substrate with the etchant. After this,
application of the ultrasonic wave is stopped, and the
substrate is left to stand for an appropriate time. With this

25 process, for each of all substrates, the pore walls in the

porous Si layer can be sufficiently thinned in the entire
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When the pores of the porous Si portions are sufficiently filled with
the etchant, supply of the 15 wultrasonic wave is stopped, and etching is

continued. |In this process, the pore walls in the porous Si |ayer 502
gradually thin. The col or of porous Si |ayer 502 al so

gr adual | ybeconesl i ght er whenvi ewedf ront hesurface. Wen the pore walls
have sufficiently thinned, the underlying 20 non-porous |ayer (e.g., a
single-crystal Si layer) 503 can be seen through the porous Si |ayer
502. In this state, the remaining porous Si |ayer 502 is
renoved. To renove the porous Si |ayer, for exanple, 1) etching is

performed whil & dRHUBRIKENL AR ! rﬁéf’@h‘r‘s%‘é%on, Fhe l.zémﬂrﬁl}ﬁd‘}tg%
performed using an etchant wth hi gh" Si” etching e porous Si
layer 502 is remmyedr Bantd ebmefed@it&nce uniformly on the entire region
of each substrate.
The same result as described above could be obtained
5 by the apparatus shown in Fig. 5, 6, or 9.
Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave again
after application of the ultrasonic wave is stopped, the
remaining porous Si layer can be removed with high quality.
10 (1) The resultant structure is dipped in a mixed solution
of fluoric acid, nitric acid, and pure water for about 5 sec
to remove the porous layer.
{2) The porous Si layer is removed by polishing.
(3) The porous Si layer is removed by scrubbing.
15 (4) The porous Si layer is removed by scanning the substrate
while spraying a water jet at a pressure of, e.g., 1,000
kg/cm®.

In the step of removing the porous Si layer, the
single-crystal Si layer functioned as an etch stop layer,

20 so the porous Si layer was selectively etched and completely
removed.

The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
the etching rate of the non-porous Si single crystal to that

25 of the porous layer is 10° or more. The etching amount of

the non-porous layer (about several ten A) is allowable for

e i
e
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- 19 - 4) the porous Si |ayer 502 is polished, or 5) scrubbing is
per f or med. Fig. 3F is aview schenmati cal | yshow ng asem conduct or
substrate (SO substrate) obtained by the above nmethod. The 5 non-porous
| ayer (e.g., a single-crystal Si layer) 503 with a flat surface and
uniformfilmthickness is fornmed on the second substrate 505 via the
i nsulating |ayer (e.g., an Sio[err] | ayer) 504. According to this
nmet hod, a | arge-area

practical use.

With the above process, an SOI substrate having a 0. 2-um
thick single-crystal Si layer on the Si oxide filmwas formed.
The thickness of the resultant single-crystal Si layer was

5 measured at 100 points on the entire surface. The thickness
was 201 nm + 4 nm.

The resultant structure was subjected to a heat
treatment in hydrogen at 1,100°C for 1 hr, and the surface
roughness was evaluated with an atomic force microscope. The

10 mean square roughness in a 5-Um square area was about 0.2
nm. This nearly equals that of a commercially available Si
wafer.

Section observation with a transmission electron
microscope revealed that no new crystal defects were formed

15 in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide film (SiO,) was formed not on the surface of
the epitaxial layer but on the surface of the second substrate

20 or on both these surfaces.

A satisfactory result was obtained even when a
transparent substrate of silica glass or'the like was used
as the second substrate. 1In this case, however, since a slip
may be formed in the single-crystal Si layer due to some

25 difference in thermal expansion coefficient between silica

glass and the single-crystal Si layer, the temperature of
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sem conductor substrate having high quality can be 10 nanufactured.

When an insulating substrate is enployed as the second substrate 505,

t he sem conduct or substrate obtained by the above manufacturing nethod
is very useful to form an i nsul ated el ectronic device. 15 When
t he bonded substrate stack shown in Fig. 3Dis di vi ded at the porous
Si layer 502, the first substrate can be reused after the porous S

| ayer 502 remaining on the first substrate 501 is renoved, and the
surface is planarized, as needed. 20 Speci fic exanples of a
waf er processi ng appar at us suitable to renove a porous layer will be

l'isted bel ow. the hddtd EsbafuémngaMmir RfenPhos Besikr-BEsER oM US100°C to
Fig. 4 is a perspective view showi ng the schematic
1,000°C or less.
(Example 4)
A second substrate was subjected to two-step anodizing
5 in an HF solution to form two porous layers. The anodizing
conditions were as follows.
<Anodizing of First Step>
Current density: 7 (mA/cm?)
Anodizing solution: HF : HO : CHOH =1 : 1 : 1
10 Time: 5 (min)

Thickness of porous Si layer: 5.5 (um)
<Anodizing of Second Step>

Current density: 30 (mA/cm?)

Anodizing solution: HF : HO : CHOH =1 : 1 : 1

15 Time:’ 110 (sec)

Thickness of porous Si layer: 3 (um)

Subsequently, this substrate was oxidized in an oxygen
atmosphere at 400°C for 1 hr. Upon this oxidation, the inner
wall of each pore of the porous Si layer was covered with

20 a thermal oxide film. A single-crystal Si layer having a
thickness of 0.15 um was epitaxially grown on the porous Si
layer by CVD (Chemical Vapor Deposition). The growing

conditions were as follows.

Source gas: SiH,Cl1,/H,
25 Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
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arrangenment of a wafer processing apparatus suitable to 25 renove a

porous | ayer. In a waf er processi ng apparatus 100, nenbers which
may -20 come into contact with
the process solution are preferably made of silica glass or a plastic
I n accordance with their application purposes. As the plastic, a

fl uoropl astic, vinyl chloride, polyethylene, polypropyl ene,

pol ybutyl ene 5 terephthalate (PBT), or polyether ether ketone (PEEK) can

Temperature: 950 (°C)
Growth rate: 0.3 (Um/min)
After that, an Si0, layer having a thickness of 100 nm
was formed on the epitaxial Si layer by thermal oxidation.
5 The surface of the §i0, layer of the first substrate was
bonded to the surface of a prepared Si substrate (second
substrate) .
The bonded substrate stack was divided into two
substrates by the porous Si layer formed at a current density
10 of 30 mA/cm® (anodizing of second step) to expose the porous
Si layer to the entire surface on the second substrate side.
To divide the bonded substrate stack, the substrates are
mechanically pulled, twisted, or pressed, a wedge is driven
into the edge of the bonded substrate stack, the bonded
15 substrate stack is oxidized from the end face to peel the
substrates, thermal stress is used, an ultrasonic wave is
applied, or awater jet is injected into the edge of the bonded
substrate stack.
The second substrate was set in the wafer processing
20 apparatus 100 shown inFig. 4. The wafer processing tank 110
of the processing apparatus shown in Fig. 4 was filled with
amixed solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus 100,
the second substrate was rotated for about 1.5 hrs, and at
25 the same time, an ultrasonic wave near 0.25 MHz was applied

to £ill pores in the porous Si layer with the etchant.
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be used. As the fluoroplastic, PVDF, PFA or PTFE is sui t abl e.

The wafer processing apparatus 100 conprises a wafer processi ng tank
110, an overflow tank 120, an ultrasonic tank 10 130, and a wafer
rotating nmechanism (111 to 119) for supporting wafers 140 while
rotating them Bef ore processing wafers, the wafer processing
tank 110 is filled with a process solution (etchant). The overflow
tank 120 for tenporarily storing the process solution 15 overflow ng from
t he wafer processing tank 110 i s nounted ~on the upper portion the

waf er processing tank 110 to surround It. The process sol ution

tenporarily stored Tie bberavest b@he ultf&éﬂfnﬁ@@ou§ce€“1§@h@e[§3§€o & the
bottom portion of the overflow tank 120 to a circul ator through a

di schar ge pi peaniQ ltthe s@Dstifdee eiascLéfit ato $2andiid ene w&ﬁerdpiﬁbélégﬁdg process
sol ution tank 110 for about 1 hr. With this process, the pore walls
of the porous Si layer thinned.

5 The ultrasonic source 131 was operated again for about
5 min to completely remove the porous Si layer. At this time,
when the etchant is appropriately circulated, as shown in
Fig. 10, surface uniformity of the processed substrate
improves.

10 - The ultrasonic wave is applied to the etchant for the
porous Si layer, the substrate is rotated, and simultaneously,
the etchant is circulated to fill the pores in the porous
layer on the substrate with the etchant. After this,
application of the ultrasonic wave is stopped, and the

15 substrate was left to stand for an appropriate time. With
this process, for each of all substrates, the pore walls in
the porous Si layer can be sufficiently thinned in the entire
region on the surface. For this reason, the remaining porous
Si layer canbe removed at once uniformly on the entire region

20 of each substrate.

The same result as described above could be obtained
by the apparatus shown in Fig. 5, 6, or 9.

Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave again

25 after application of the ultrasonic wave is stopped, the

remaining porous Si layer can be removed with high quality.
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to renove particles and sends the process solution to the bottom
portion of the wafer processing tank 110 through a supply pipe 121b.
Wth this arrangenent, particles in the waf er processing tank 110 are
efficiently renoved. 25 The wafer processing tank 110 preferably
has a depth wi th which the wafers 140 can be conpletely imersed. Wth
21- this arrangenent, particles in the air or near the liquid
surface can be prevented from adhering to the wafers 140.

(1) The resultant structure is dipped in a mixed solution
of fluoric acid, nitric acid, and pure water for about 5 sec
to remove the porous layer.
(2) The porous Si layer is removed by polishing.
5 (3) The porous Si layer is removed by scrubbing.
(4) The porous Si layer is removed by scanning the substrate
while spraying a water jet at a pressure of, e.g., 1,000
kg/cm®.
In the step of removing the porous Si layer, the
10 single-crystal Si layer functioned as an etch stop layer,
so the porous Si layer was selectively etched and completely
removed.
The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
15 the etching rate of the non-porous Si single crystal to that
of the porous layer is 10° or more. The etching amount of
the non-porous layer (about several ten A) is allowable for
practical use.
With the above process, an SOI substrate having a 0.1-pm
20 thick single-crystal Si layer on the Si oxide filmwas formed.
The thickness of the resultant single-crystal Si layer was
measured at 100 points on the entire surface. The thickness
was 101 nm £ 3 nm.
The resultant structure was subjected to a heat

25 treatment in hydrogen at 1,100°C for 1 hr, and the surface

roughness was evaluated with an atomic force microscope. The
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The ultrasonic tank 130 is | ocated under the wafer processi ng tank
110. Inside the ultrasonic tank 130, an 5 wultrasonic source 131 is

supported by an adjustnment nmechani sm 132. The adj ustnent nechani sm 132
has, as mechani sns for adjusting the relative positional relationship
bet ween t he ul trasonic source 131 and the wafer processing tank 110
has a nechanism a nmechanismfor adjusting the vertical position 10
of the ultrasonic source 131 and a nmechani sm for adjusting t he

hori zontal position. Wth this nmechanism the ultrasonic wave to be
supplied into the wafer processing tank 110 and, nore specifically, to

the wafers 14Q,can Eein !I%iuéﬁgess in a €W EHASPEI Sr&P ta%e a?a%ﬂntp@ ej erably

has a function of 1 adj usting the frequency or streng t he generated

gg; r g:omt Ve p%}i?te Hééxégf Ire‘%lg?%at B¢PRIdorfler@lally aviii@ignsf wave
wafer.

Section observation with a transmission electron

5 microscope revealed that no new crystal defects were formed
in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide film was formed not on the surface of the

10 epitaxial layer but on the surface of the second substrate
or on both these surfaces.

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was used
as the second substrate. However, since a slip may be formed

15 in the single-crystal Si layer due to some difference in
thermal expansion coefficient between silica glass and the
Si layer, the temperature of the heat treatment in hydrogen
was decreased from 1,100°C to 1,000°C or less.

Section observation with a transmission electron

20 microscope indicated that no new crystal defects were formed
in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide film (Si0,) was formed not on the surface of

25 the epitaxial layer but on the surface of the second substrate

or on both these surfaces.
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function of optimzing supply of an ultrasonic wave to the waf ers 140,
the ultrasonic wave can be supplied individually 20 to a variety of types

of wafers. The ultrasonic tank 130 is filled with an ultrasonic
transm ssion nmedium (e.g., water), so the ultrasonic wave is
transmtted to the wafer processing tank 110 through the ultrasonic
transm ssi on nmedi um The wafer processing apparatus 100 has a
control section 25 for OV OFF-controlling the ultrasonic source 131. Wth
this control section, porous |layer renoving processing can be

-22-

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was used
as the second substrate. However, since a slip may be formed
in the single-crystal Si layer due to any difference in

5 thermal expansion coefficient between silica glass and the
single-crystal Si layer, the temperature of the heat
treatment in hydrogen was decreased from 1,100°C to 1,000°C
or less.

When the porous Si layer left on the first substrate

10 side was selectively etched and subjected to a surface
treatment such as hydrogen annealing or surface polishing,
the substrate could be recycled as the first or second
substrate.

Almost the same result as described above was obtained

15 even when a porous layer with a single-layered structure was
formed by anodizing.

In the above examples, as the epitaxial growing method
of forming a single-crystal Si layer on the porous Si layer,
not only CVD but also MBE, sputtering, or liquid phase growing

20 can be used. A single-crystal compound semiconductor layer
of GaAs or InP may be epitaxially grown on the porous Si layer.
In this case, a high-frequency device such as GaAs on Si or
GaAs on Glass (Quartz) or a substrate suitable for OEIC can
be manufactured.

25 As the etchant used to selectively etch the porous Si

layer, a mixed solution of 49% fluoric acid, 30% hydrogen

e e
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controll ed. The wafers 140 are held to be al nost perpendicular to
the bottom surface of the wafer processing tank 110 by four waf er
rotary rods 111 each having grooves 1l1lla engaging with 5 the wafers 140.
The wafer rotary rods 111 have a function of supporting the wafers 140
while rotating them and constitute part of the wafer rotating
mechani sm Each waf er rotary rod 111 is pivotally supported by a pair
of rod support menbers 118 opposite to each other, so the wafer rotary
rods 10 111 rotate in the sane direction upon receiving a driving

torque generated by a notor 119. Each wafer rotary rod 111 preferably

ug\slea smal | diguRhetenahdt @0 MRedaithBNSM RhRler, thef edMMEwIHy asonic
- etchants can also be used. Since the porous Si layer has a

large surface area, selective etching is easy.
(a) Fluoric acid

5 (b) Mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to fluoric acid
(c) Buffered fluoric acid
(d} Mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to buffered fluoric acid

10 (e) Mixed solution of fluoric acid, nitric acid, and acetic
acid.

In the above examples, to stop application of the
ultrasonic wave, the operation of the ultrasonic source is
stopped. However, use of shutters is also effective, as

15 shown in Figs. 11A and 11B.

According to the present invention, a high planarity
of the underlying layer of the porous region can be
maintained.

The present invention is not limited to the above

20 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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The nunber of wafer rotary rods 111 is preferably as 15 small as

possi bl e. esired frictional force with respect to the
waf er s 140 !E ’i’{m waf er rotary rods 111 for limting
novenent inNx ection (X-axis direction) of the wafers

140, and two wafer rotary rods 111 for supporting the wafers 140 from
the I ower side are provided. 20 Wen two wafer rotary rods 111 are

di sposed at an appropriate i nterval bel ow the wafers, the driving
torque can be efficiently transmtted to the wafers having an
orientation flat. If only one wafer rotary rod 111 is pl aced
underneath wxatt he wahemsp agd the orientation flat is positioned above
this 25 wafer rotary rod 111, the wafers cannot be rotated by the

wafer rotary rod 111.

1. A porous region removing method of remc;ving a porous
region from a substrate having the porous region,
5 characterized by comprising:
the first step of processing the porous region by an
etchant while supplying an ultrasonic wave to the etchant;
the second step of processing the porous region by the
etchant without supplying any ultrasonic wave to the etchant
10 or while supplying an ultrasonic wave weaker than the
ultrasonic wave supplied in the first step to the etchant;
and
the third step of removing the porous region remaining
on the substrate.
15
2. The method according to claim 1, characterized in that
the first step comprises filling pores in the porous region

with the etchant to a deep portion.

20 3. The method according to claim 1 or 2, characterized in
that the second step comprises thinning pore walls in the
porous region to not more than a predetermined thickness by

an etching function.

25 4. The method according to claim 3, characterized in that

the second step comprises thinning the pore walls in the
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_23 - Normal |y, a standing wave, i.e., an ul trasomc—wave
havi ng a high-strength portion and a | owstrength portio "MUMIS f or med

bet ween the bottom surface of the wafer processing ﬂgﬁ”w
liquid surface. However, since this wafer 5 processing- Lan

process the wafers 140 while rotating them nonuniformty in"
processing due to the st andi ng wave can be reduced. I n the
waf er processi ng apparatus 100, the nunber of menbers on the bottom

portion of the wafer processing tank

porous region to a thickness that allows removal of the

remaining porous region at once in the third step.

5. The method according to any one of claims 1 to 4,
5 characterized in that the third step comprises removing the

porous region remaining on the substrate by the etchant.

6. The method according to claim 5, characterized in that
the third step comprises removing the porous region remaining
10 on the substrate by the etchant while supplying the

ultrasonic wave to the etchant,.

7. The method according to claim 5 or 6, characterized in
that the first to third steps are executed while dipping the

15 substrate to be processed in the same etchant.

8. The method according to claim 5 or 6, characterized in
that the third step comprises removing the porous region
remaining on the substrate by an etchant whose etching rate
20 for the porous region is higher than that of the first or

second etchant.

9. The method according to any one of ciaims 5 to 8,
characterized in that the first to third steps are executed

25 while completely dipping the substrate to be processed in

the etchant.
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10 110 or around the wafers 140 is decreased as smal |—as—possible———
For this reason, the ultrasonic wave can be efficiently and uni formy

supplied to the wafers 140. |In addition, with this Juﬂmﬂﬂ%mﬁm jince
t he process solution can freely flow around the wa ' ! W“"ers
can be unifornmly processed, 15 and processing defects cdan®be" pﬂbvéntéd
(Second Arrangenent of Wafer Processing Apparatus) Fig. 5is a
vi ew showi ng the schenmatic arrangenent of a waf er processing apparatus
suitable to renove a porous | ayer. 20 In a wafer processing
apparatus 10, nenbers which may - come into contact with the process

solution are preferably made of silica glass or a plastic in
accordance with their application purposes. As the plastic, a

fluoroplasticlo. Thei ngthedl HFdddRiingokyethy!aie ofpeiinuphepy! eses,
pol ybut yl ene .
characterized in that the first and/or second steps is
executed while completely dipping the substrate to be

5 processed in the etchant.

11. The method according to any one of claims 1 to 4,
characterized in that the third step comprises removing the
porous region remaining on the substrate by a high-pressure

10 fluid.

12. The method according to any one of claims 1 to 4,
characterized in that the third step comprises removing the
porous region remaining on the substrate by scrubbing.
15 _

13. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate while
supplying the ultrasonic wave to the etchant, a relative
positional relationship between anultrasonic source and the

20 substrate is changed.

14, The method according to claim 13, characterized in that

in processing the subsﬁrate while supplying the ultrasonic

wave to the etchant, the substrate is swung in the etchant.
25

15. The method according to claim 13, characterized in that
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e v Poraprast oo o ben“orprre e < NI "
er

sui t abl e.

The wafer processing apparatus 10 conprrses a

processing tank 11, and a hol der driving nechanism 31 for SWi nging a
waf er holder 21 in the wafer processing tank 11. 5 The wafer processing
apparatus 10 preferably has an ul trasonic tank 61.

10

15

20

25

in processing the substrate while supplying the ultrasonic

wave to the etchant, the substrate is rotated,

16. The method according to claim 13, characterized in that
in processing the substrate while supplying the ultrasonic
wave to the etchant, a position of at least one of the

substrate and the ultrasonic source is changed substantially
in a directionparallel or perpendicular to a vibration plane

of the ultrasonic wave,

17. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate by the

etchant, the substrate is swung or rotated.

18. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate by the
etchant, the etchant is circulated to form a flow of etchant

near the substx_'ate .

19. The method according to any one of claims 1 to 18,
characterized in that the first and second steps'a.re executed
while dipping the substrate in the same etching tank, the
first step comprises operating the ultrasonic source, and
the second step comprises stopping operation of the

ultrasonic source.
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Bef ore proTﬂluu he waf er processing tank 11 is filledwith a
process sol processi ng tank 11 has a four-side
overfl ow t artk i2 L The ﬁroéess solution 10 is supplied by a circulator 71
with a filter fromthe bottom portion of the wafer processing tank 11
into the wafer processing tank 11. The process sol ution overfl ow ng
from the wafer processing tank 11 is stored in the four-side
overflow tank 12 and di scharged fromthe bottom portion of 15 the
four-side overflow tank 12 to the circulator 71. In this waf er
processi ng apparatus 10, the wafer holder 21 is swing by the hol der
driving mechampsmide rmdtthod Bekbaaeny sty ardyh@ne of PILLRSSL X wig,on is
stirred. For this reason, the clrculating systemincluding the
four-si de ov ed‘,-n‘lém\tﬁékl‘ikze]ﬂln 20atitheeriretrahy sekbbadtdtepst arerakatatad a
constant liquid surface

while dipping the substrate in the same etchlng tank, the

first and second steps comprise continuously'operating the
5 ultrasonic SOurce, and the second step comprises inserting
an ultrasonic shielding plate between the ultrasonic source

and the substrate.

21. The method according to any one of claims 1 to 20,
10 characterized in that the substrate to be processed

essentially consists of single-crystal Si.

22. The method according to any one of claims 1 to 20,
characterized in that the porous region essentially consists

15 of porous 8i.

23. The method according to claim 22, characterized in that
the porous region is formed by anodizing a single-crystal
Si substrate.
20
24. The method according to any one of claims 1 to 23,
characterized in that as the etchant, any one of
(a) fluoric acid,
(b) a mixed solution prepared by adding at least one of an
25 alcohol and hydrogen peroxide to fluoric acid,

(c} buffered fluoric acid, and

M
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of the process sol ution. he waf er holder 21, a commercially

avai | abl e product ciﬂ' ﬂimuﬂﬂn vvafer hol der 21 is preferably nade
of silica gl ass or e plastic, a fluoroplastic, vinyl-

25 chloride, polyethylene, polypropylene, polybutylene terepht hal ate
(PBT), or polyether ether ketone (PEEK) can _

- 25- be used. As the fluoroplastic, PVDF, PFA or PTFE is

sui t abl e. The hol der driving nechanism 31 has a pair of hol ding

(d) a mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to buffered fluoric acid

is used.

5 25. .A semiconductor substrate manufacturing method
characterized by comprising the steps of:
forming a porous layer and at least one non-porous layer
on a first substrate;
bonding a second substrate to the non-porous layer side
10 of the first substrate;
removing the first substrate from the bonded substrate
stack to expose the porous layer on a surface of the second
substrate; and
removing the porous layer on the second substrate

15 using any one of the methods of claims 1 to 24.

26. The method according to claim 25, characterized in that
the step of exposing the porous layer comprises grinding,
polishing, or etching the first substrate from a back surface
20 side of the first substrate of the bonded substrate stack,
thereby exposing the porous layer to the surface of the second

substrate.

27. The method according to claim 25, characterized in that
25 the step of exposing the porous layer comprises dividing the

bonded substrate stack at the porous layer, thereby exposing

—_—

——
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portlons 31a for hol di ng the wafer holder 21. The wafer 5 holder 21 is
hel d by the pair of hol d| gﬂluﬂﬂluM‘lm d d| pped in the wafer
processing tank 11. Desir performed for a wafer 40
while swinging the wafer hol dér 21 " 'n the waf er processing tank 11.

The hol der driving mechani sm 31 has a function of conveying the wafer
hol der 10 21 storing wafers 40 which have been processed in the

preceding step to the wafer processing tank 11 or to the next st ep.
The hol der driving nmechanism 31 al so has a function as part of the
waf er processi ng apparatus 10. In this enbodi ment, the hol ding
portions 3la-€ﬁécbéﬂ3%s i%ﬁefagﬁrtﬁgﬂék¥fé%% 0¥ Othd s drR| éﬁ% §§akgdlrectly

hel d. However, | di ng portions 31la may be repl ace e.g
chuck pads to dlrectly hol d the wafer 40. The direction in which

28. The method according to any one of claims 25 to 27,
characterized in that the non-porous layer includes a

5 single-crystal Si layer.

29. The method according to any one of claims 25 to 27,
characterized in that the non-porous layer includes a
single~crystal Si layer and an Si oxide layer.

10
30. The method according to claim 28 or 29, characterized
in that the single-crystal Si layer is epitaxially grown on

the porous layer on the first substrate.

15 31. The method according to any one of claims 25 to 27,
characterized in that the non—porbus layer includes a

single-crystal compound semiconductor layer.

32. The method according to any one of claims 25 to 31,
20 characterized in that the second substrate essentially

consists of an- Si material.

33. The method according to any one of claims 25 to 32,
characterized in that the second substrate has an Si oxide

25 layer on a surface to be bonded to the first substrate.
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the wafer 40 is held is not |inited to the @hﬂjction per pendi cul ar to

the bottom surface of the vvaferum I i! tank 11 and may be parall el
to the bottom surface. tank 61 has an ultrasonic

source 51 and is filled with an uI trasonl c transm ssion nmedium (e.qg.,
water). The ultrasonic source 51 is fixed on an adjustnent mechani sm
62 for adjusting the vertical and/or horizontal 25 position of the
ultrasonic source 51. Wen the positijonal rel ati onshi p between the
ultrasonic source 51 and the wafer -26 -

34. The method according to any one of claims 25 to 31,
characterized in that the second substrate comprises a

transparent substrate.

5 35. A porous region removing apparatus for removing a porous
region from a substrate having the porous region,
characterized by comprising:

means for executing the first step of processing the
porous region by an etchant while supplyi_ng an ultrasonic
10 wave to the etchant; |
means for executing the second step of processing the
porous region by the etchant without supplying any ultrasonic
wave to the etchant or while supplying an ultrasonic wave
weaker than the ultrasonic wave supplied in the first step
15 to the etchant; and
means for executing the third step of remc;ving the

porous region remaining on the substrate.

T —————
N
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processing tank 11 is adjusted by the adjustnent nechani sm 62, the

ul trasonic wave to be supplied to the wafer processing tank 11 and,
nore specifically, to the wafer 40 can be optim zed. The ultrasonic
source 51 preferably has a 5 function of adjusting the frequency or
strength of the generated ultrasonic wave. Wth this arrangenent,
supply of an ul trasonic wave can be further optim zed. By inparting
the function of optimzing supply of an ultrasonic wave to t he waf er
40, the ultrasonic wave can be supplied 10 individually to a variety of
types of wafers. The wafer processing apparatus 10 has a control

section for OV OFF- contagalrkhnf9 ¢ierpt tgm@gepkgrsource 51. Wth this
control section, porous |layer renobving processing can be controll ed.

This invention is to ensure a high plaﬁarity of an

underlying layer after a porous layer is removed. A

5 substfate to be processed is dipped in an etchant. 1In the

first step, pores in the porous Si layer are filled with the

etchant by supplying anultrasonic wave. In the second step,

supply of the ultrasonic wave is stopped, and the pore walls

are thinned by the etching function. In the third step, the

10 ultrasonic wave is supplied again to break the porous layer

at once.

\ ——
i ——
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15 (Third Arrangenent of Wafer Processing Apparatus) Fig. 6is

a view show ng the schematic arrangenent of a waf er processing
apparatus suitable to renove a porous | ayer. Figs. 7A to 7E are views
show ng operation of the waf er processi ng apparatus shown in Fig. 6.
Fig. 8is a 20 perspective view of a swing assist nmenber in the wafer
processi ng apparatus shown in Fig. 6. 1/1% The waf er processing tank
11 preferably has, on the gptL sur ach a s¥08Bg assist nmenber 13 for
i ncreasing the efficiency ®of g of ¥t waf ef 40 by the hol der

driving 25 nmechanism 31l. The swi ng assist nmenbgr 13 cones into contact
with the side surface of [¥hg 5 AW DL nepefer hol der
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27 - 21 when the wafer holder 21 noves, thereby rotating and
vertically noving the wafer 40 in the wafer hol der 21 by the

frictional force. The swing assist nmenber 13 is useful to i mprove the
surface uniformty of the processed wafer. 5 It is also effective to
use a driving nechanismfor vertically (Y-axis direction) and/or
hori zontal ly (X-axis direction) nmpvirg the swi ng assist nenber 13. In
this case, the swing assist nenber 13 itself noves to rotate the wafer
40 and vertically nove the wafe 4? e} the er holder 21. 10 Therefore,
the range in which the hol der dfTv ngghech m 31lnoves
t hewaf er hol der21 can be made small. | notherwords,

401 402
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the wafer processing tank 11 can be nmade conpact. The ul trasonic
tank 61 has the ultrasonic source 51 and Is filled wth an ultrasonic
transm ssion nmedium (e.g., 15 water). The ultrasonic source 51 is fixed
on the adjustnent mechani sm 62 for adjusting the vertical and/or

hori zont al position of the ultrasonic source 51. Wen the positional
rel ati onship between the ultrasonic squy 51 and t he wafer processi ng
tank 11 isFaquEtedzyﬂ\the adj ust mrent mechanism 20 62, the ultrasonic
wave to be supplied to the wafer processing tank 11 and, nore

speci fi cal |y, t ot [T R R T R e -t ©@&oni ¢ sour ce
51 preferably has & function of adjusting the frequdncy or strength of
t he generatedjul trasonic wave. Wth this arrangenentf, %ﬁgPly of 25

an ultrasonic wave|can be further optimzed. By inparting

FIG. 3C s04
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the function of optimzing supply of an ultrasonic wave to

-28 - the wafer 40, the ultrasonic wave can be supplied
individually to a variety of types of wafers. The waf er
processi ng apparatus 10 has a control section for OV OFF-control ling
the ultrasonic source 51. Wth this 5 control section, porous |ayer
renovi ng processing can be controlhpqs Figs. 7Ato 7E are

views for explaining a wafer sw ng
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met hod. In these draw ngs, arrows indicate the noving di rections of
the wafer holder 21. Fig. 7A shows a state 10 imediately before the

waf er starts to be swng. Wen the start of wafer swing operation is
i nstructed, the hol der driving nechanism 31 presses the hol ding
portions 3la downward under conputer control, as shown in Fig. 7B. The
side surface of the wafer 40 cones intoygqntact with the swing 15 assist
menber 13 midway this pressing. The wafer 40 is supported by the

SW ng assist nenber 13 at its |ower portion. When the sw ng
assi st menber 13 cones into contact with the wafer 40, particles may
be produced al beit in a snall anopunt. To prevent this, the distal end
portion of the swng 20 assist nmenber 13 is preferably has a round shape,
as shown in Fig. 8, for SnDOtE:Ctn(3Ct h the wafer 40.

The swi ng assi st nenber 13 only need to™assi s™ sw ng
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of the wafer 40 and therefore can have a shape not to inpede

transm ssion of the ultrasonic wave, e.g., a thin plate- 25 |ike shape.
Wth this arrangenent, the ultrasonic wave can be uniformy supplied
to the wafer 40, and the wafer 40 can

- 29- be uniformy processed. In this wafer processing
apparatus 10, the wafer 40 is progesised while changing the relative
posi ti onal rel ati onshi p between the wafer 40 and the swi ng assi st
menber

FIG. 6
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513, i.e., the relative positional relationship between the waf er 40

and the wafer processing tank 11. For this reason, slight

nonuni formty of the ultrasonic wave due to the sw ng assi st nenber 13
poses no probl em When the press anmount of the wafer holder 21 is
large 10 to sone extent, the contact pressure between the wafer 40

and the swi ng assist nenber 13 can be 7.nggeased. Hence, sliding
novenent between the swi ng assist nmenber 13 and the wafer 40 is

elimnated to
small, the gr

mnm after the

Fﬂvqﬁopgmon failures. If the press anount is

vi fty in e wafer 40 acts 15 npore largely on the wafer
hol der 21 than on the di s§fh < :
13. When the swi ng assi st

enbodi nent i s used, the -

Q) portion of
nmber 134having t
5s—apount, is prefé¢

4 SW ng assi st nenber
shape of this
qbly set to be about 30

11—~

FIG. 7B
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waf er 40 cones into contact with the sw ng assist nenber 13. 20 When
the operation of pressing the wafer holder 21 is ended, the hol der
driving nechani sm 31 noves the hol di ng portions 3la to the right
(positive X-axis direction) under conputer control, as shown in Fig.
7C. The wafer 40 substantially horizontally noves to the right
(positive 25 X-axis direction) in tig/wafer processing tank 11 while
rotating clockw se. The noving anmount of the hol ding

-30 - F)r'i@§ BTCrust be set within the range in which the

hol di ng 40
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portions 3la do not collide against the | ower opening portion of the
waf er hol der 21. When novenent of the wafer holder 21 to the
right 5 (positive X-axis direction) is ended, the holder driving
mechani sm 31 noves the hol ding portions 31la upward under conput er
control, as shown in Fig. 7D. The noving anount of t he hol di ng

portions 3la is preferably set within tdg rgange in which the wafer 40
does not come close to a |iquid surface f 14 of the process sol ution.

| f the wafer Fﬂ?ﬁ C|d7E) the |liquid surfage 14, particles may
adhere to the surt ate" f ngfier 40. Wien nmovenent of
the wafer holder 21 upward is

4the hol d r,driving mechani sm 31
noves the holding portions 1 d left ( ?f ive X-axis direction)
under conputer r
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control, as shown in Fig. 7E, so the initial state is restored (Fig

TA) . By repeating the above operation (Fig. 7A -[err] Fig. 7B
-[err] Fig. 7C -[err] Fig. 7D -[err] Fig. 7E), the wafer 40 can be 20
appropriately swng and uniformy processed. According to the
waf er processing apparatus 10, since the wafer 40 is swng in the
regi on where supply of an ultraggnfig wave i s optimzed by adjusting
the ultrasonic tank 61, the ultrasonic wave acting on the wafer 40
can be 25 optimzed. As is known, the standing wave of an

-ul trasoni ¢ wave
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31- has anti nodes and nodes at a predeterm ned interval.

Therefore, it is difficult to uniformthe ultrasonic wave in the wafer
processing tank 11. However, in this wafer processing apparatus
10, 5 processing for the wafer 40 can be uniforned i ndependently of
t he nonuni form strength distribution of the ultrasonic wave because
t he hol der driving nechani sm 31 sw ngs] ¥ig waf er 40. Even when the
wafer 40 is sinply noved only in the hori zontal direction, vertical
direction, or oblique 10 direction, processing for the wafer 40 can be
uni f or med. When the wafer 40 is also swng in the axial direction
(Z-axis direction), nonuniformty in processing between wafers due
y
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to the high-strength portion of the ultrasonic wave in the hori zont al
pl ane can al so be corrected. 15 Si nce the wafer processing apparatus
10 has the swi ng assi st menber 13, the swing anount of the wafer 40
can be efficiently increased. The fixed position of the sw ng

assist menber 13 is not limted to the bottom portion of the waf er
processing tank 11. As far as the swij®/48si st nmenber 20 13 can contact
all wafers 40 in the wafer holder 21, thesw ng assi st nmenber 13 may be
fixed on the inner wall of the wafer processing tank 11 or on the

hol der driving mechanism 31 (in this case, a nechanismfor changing
the relative positional rel ati onship between the hol ding portions 3la

and the swing 25 assist nmeghe I's required) I n addition,
according to the wafer proce iiu . 1e'(iA
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- 32- apparatus 10, since no driving nmechanismis present in the

waf er processing tank 11, particles are not produced due to operation
of the driving mechani sm (Fourth Arrangenent of Wafer Processing
Apparatus) 5 Fig. 9 is a view showi ng the schematic arrangenent of
a wafer processing apparatus suitable to renove a porous | ayer.

In a wafer processing apparatus 300, the ymfer 40 is hel d al nost

parallel to the bottom sugfiace of the wafer 700
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10 > €3S xtnost parallel to the V|brat|on pl'ane
of .tHe uﬁ§§3é3ﬁ$@§* @g?ﬂ§nd&@ etely dipped in the process solugﬁon
(etckaﬁtpeﬁ‘ﬁmﬂ% \Ra#esr de’é Qgp tank 171, andin--this—state ng by
a wafiell fnmey rre@m*"‘érwa:@ged ----- t hereby uniform y|RE méﬁ%ﬂ]ﬁ@'{‘t&hﬁ:ﬁ] fer 40
and dr Bvént -ad®) : perdanitnpagwshy...by partlfle rThewater njviing
mechgn smm&&mhold$mghe-waﬁmgxh@ Wwth = an arm 81 ahdqer ?ybelmmfer 40
in thHé wafer processing tank 11. The wafer 40 ysjpreferably swung in a
di regti g OF RECEIFNILIO8 43 brdtion plane of the i LI:..a.SO-m-G-—Wa-V&\j if.e.,
20 irrthe-vertrca uneulun) arid a direction para |§(l' Cf@Dt‘ﬂﬁDﬁ -0

is

vi bration pIane (i.e., in the ont.a M Th
waf er processing apparatus SOOqgéhékﬁF &HE fﬁiﬁ&éﬂghably, t he wafer 40

conpl etely dipped in the process
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POROUS REGION REMOVING METHCOD AND

SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a porous region
removing method and a semiconductor substrate manufacturing
method and, more particularly, to a method of removing a
porous region from a substrate having the porous region, a
semiconductor substrate manufacturing method using this

method, and an apparatus for removing a porous regilon.

DESCRIPTION OF THE RELATED ART

There is a method of sequentially forming a porous Si
layer and a single-crystal Si layer on a first substrate,
bonding the first substrate to a separately prepared second
substrate, and separating the bonded substrate stack Into
two substrates at the porous Si layer to transfer the
single-crystal Si layer formed on the first substrate side
to the second substrate side, thereby manufacturing an SOI
substrate.

In this method, after the bonded substrate stack is

separated into two substrates, the porous Si layer remaining



solGtion is processed. In this case, particles can be__25 prevented from
adhering to the wafer 40 near the |nterface bet V\Wltﬁh@’ BCess:
sol ut ion and gas. '

1]

F'3)

According to the wafer processing apparatus 300, the | | waf er 40 can|be
uniformy processed by sw nging the wafzt 40 in jt He Waf &8RP ess| ng
tank 11. (Fifth Arrangenent of Wafl Processi ng {Agparatus) 5

Fig. 10 is a view show ng the schematic arrangenent df

on the surface on the second substrate side is removed. In
removing the porous Si layer, the planarity of the surface
of the underlying second substrate and, more particularly,
film thickness uniformity of the single-crystal Si layer as
5 the surface layer of the sécond substrate is preferably not

hindered.
SUMMARY OF THE INVENTION

10 The present invention has been made in consideration
of the above situation, and has as its object to provide a
porous region removing method capable of maintaining a given
planarity of an underlying layer and a semiconductor
substrate manufacturing method using this method.

15 "According to the present invention, there is provided
a porous region removing method of removing a porous region
from a substrate having the porous region, characterized by
comprising the first step of processing the porous region
by an etchant while supplying an ultrasonic wave to the

20 etchant, the second step of processing the porous regiqél by
the etchant without supplying any ultrasonic wave to the
etchant or while supplying an ultrasonic wave weaker than
the ultrasonic wave supplied in the first step to the etchant,
and the third step of removing the porous region remaining

25 on the substrate.

In the porous region removing method, the first step



a wafer processing apparatus suitable to r enovergarporo
waf er processing apparatuses of the second to |t i

waf ers are processed while being swng. | n! a waf €rprocessi ng
apparatus 500 of the fifth arrangenent, 10 the speed LHhowW: of the
process solution (etchant) is i ncreased i nist:ead ‘of “SWngi ng: waf ers.
In the wafer processing apparatus 500, '&'suppor;jt ‘Porti-on ... . 73; f Or
supporting the wafer holder 21 is placed at the | ower portion of the
waf er processing tank 11. The process 15 sol uiion supplied-fromthe
circulator 71 spouts from spout ports 72 under the support portion 73
at a high speed. The support portion 73 has a plurality of opening
portions. The prefegabdyseommtigeisohl S pords om ttHrepgpows regrps WwAZhoves
upwar d t hrough the opening portions. 20 When t he process

solution is cird§ &t6B2BE BomM glegp@egtion.

In the porous region removing method, the second step

preferably comprises thinning porewalls in the porous region
5 to not more than a predetermined thickness by an etching
function.

In the porous region removing method, the second step
preferably comprises thinning the pore walls in the porous
region to a thickness that allows removal of the remaining

10 porous region at once in the third step.

In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by the etchant.

In the porous region removing method, the third step

15 preferably comprises removing the porous region remaining
on the substrate by the etchant while supplying the
ultrasonic wave to the etchant.

In the porous region removing method, the first to third
steps are preferably executed while dipping the substrate

20 to be processed in the same etchant.

In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by an etchant whose etching rate for the
porous region is higher than that of the first or second

25 etchant.

In the porous region removing method, the first to third



tHe wafer 40 can be uni formy processed. It is also effective to

assenbl e the above-descri bed circul ati ng mechani
waf er processing apparatus 10 shown in Fig. 5.
Arrangenent of Wafer Processing Apparatus) :
above-descri bed wafer processing appa[q;yses, |
34 - , supply and nonsupply of the ultrasonic wave ‘ waf (?_l
processing tank are switched by controlling the ult r\eAljFohi*«c—‘-'--"--"“ R

steps are preferably executed while completely dipping the
substrate to be processed in the etchant.

In the porous region removing method, the first and/or
second steps is preferably executed while completely dipping

5 the substrate to be processed in the etchant.

In the porous region removing method, the third step
preferably comprises removing the porous region remaining
on the substrate by a high-pressure fluid.

In the porous region removing method, the third step

10 preferably comprises removing the porous region remaining
on the substrate by scrubbing.

In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
a relative positional relationship between an ultrasonic

15 source and the substrate is preferably changed.

In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
the substrate is preferably swung in the etchant.

In the porous region removing method, in processing the

20 substrate while supplying the ultrasonic wave to the etchant,
the substrate is preferably rotated.

In the porous region removing method, in processing the
substrate while supplying the ultrasonic wave to the etchant,
a position of at least one of the substrate and the ultrasonic

25 source is preferably changed substantially in a direction

parallel or perpendicular to a vibration plane of the



sdurce. Instead, a mechani smfor shielding the ultrasonic
needed nmay be inserted between the ultrasonic source 5 __anrd
A podification of the wafer processing apparatus shown RE?LAh

wilf be described. Figs. 11A and 11B show a modi fi catFofiof the |
processi ng apparatus shown in Fig. .5 or 6. In Figs. apqﬁﬂﬁﬁk
overflow tank and the 10 circul ator aié om tted.

processi ng apparatus of this nodification has shut t er
shielding the ultrasonic wave, as needed, between the ultrasonic
source 51 and the bottom surface of the wafer proceskst tank 11. To

transmt the _%ﬁ% ul trasonic wave to the wafer processing tank 11, the
shutters AR5 ¥P¥®opened by a driving section (not shown), as

shown in Fig. 11A 7. Toghieldtheul s ason copyel oLReYaler - cossing the

substrate by the etchant, the substrate is preferably swung
or rotated.

S In the porous region removing method, in processing the
substrate by the etchant, the etchant is preferably
circulated to form a flow of etchant near the substrate.

In the porous region removing method, preferably, the
first and second steps are executed while dipping the
10 substrate in the same etching tank, the first step comprises
operating the ultrasonic source, and the second step
comprises stopping operation of the ultrasonic source.
In the porous region removing method, preferably, the
first and second steps are executed while dipping the

15 substrate in the same etching tank, the first and second steps
comprise continuously operating the ultrasonic source, and
the second step comprises inserting an ultrasonic shielding
plate between the ultrasonic source and the substrate.

In the porous region removing method, the substrate to
20 be processed preferably essentially consists of singlé—
crystal Si.
In the porous region removing method, the porocus region
preferably essentially consists of porous Si.
In the porous region removing method, the porous region

25 1is preferably formed by anodizing a single-crystal Si

substrate.



prOéessing tank 11, the shutters 91 and 92 are closed by the -driving

section (not shown), as shown in Fig. 11B. As the _g:;ig xﬁﬂ{P %b{lﬂhe
shutters 91 and 92, a material which hardly t AR S he-ultr dsoni ¢
wavé, e.g., PFAor PTFE is suitable. (Sevent h Arrangenept %ﬁ%\Vﬁen
Processi ng Appar at us) Figs. 12A to 12C arge ng |t he
schematic arrangenment of a wafer b%bcessing app ratus SU|tabIe to 25
renove a porous layer. Fig. 12Ais a front view, Fig. 12B is g side
view, and Fig. 1Cis a plan view.
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In the porous region removing method, preferably, as
the etchant, any one of
(a) fluoric acid,

(b) a mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to fluoric acid,

(c¢) buffered fluoric acid, and

(d) a mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to buffered fluoric acid
is used.

According to the present invention, there is also
provided a semiconductor substrate manufacturing method
characterized by comprising the steps of forming a porous
layer and at least one non-porous layer on a first substrate,
bonding a second substrate to the non-porous layer side of
the first'éubstrate, removing the first substrate from the
bonded substrate stack to expose the porous layer on a surface
of the second substrate, and removing the porous layer on
the second substrate using the above porous region removing
method.

In the porous region removing method, the step ef
exposing the porous layer preferably comprises grinding,
polishing, or etching the first substrate from a lower
surface side of the first substrate of the bonded substrate
stack, thereby exposing the porous layer on the surface of
the second substrate.

In the porous region removing method, the step of



In}émaferprocessing apparatus 700, a jet of fluid (e.g., "

WAL BTy et 1S
sprayed fromthe spray nozzle 700, and the porous Iaye%ﬁ% i hedtwe 'ar
40 is renoved by the sprayed fl uid. In the éex@nple shown in
Figs. 12A to 12C, the spray 5 nozzle 700 is scanned iinitReq ZwaNiigag
direction while spraying the fluid 701 fromthe spray nozzle 700
perpendicularly to the wafer 40, fbbreby renovi ng {a ~ats—t 40
on the entire surf ace. Exanpl es to whi ¢h the above porous
| ayer removing nethod 10 is applied will be descri bed bBélow.

(Exanple 1) Afilmof a material having a HF resistance was
f or med on the surface of a single-crystal Si substrate and patterned

exposing the porous layer preferably comprises dividing the
bonded substrate stack at the porous layer, thereby exposing
the porous layer on the surface of the second substrate.

In the porous region removing method, the non-porous

5 layer preferably includes a single-crystal Si layer.

In the porous region removing method, the non-porous
layef preferably includes a single-crystal Si layer and an
Si oxide layer.

In the porous region removing method, the single-

10 crystal Si layer is preferably epiﬁaxially grown on the
) porous layer on the first substrate.

In the porous region removing method, the non-porous
layer preférably includes a single-crystal compound
semiconductor layer.

15 In the porous region removing method, the second
substrate preferably essentially consists of an Simaterial.

In the porous region removing method, the second
substrate preferably has an Si oxide layer on a surface to

be bonded to the first substrate.

20 In the porous region removing method, the second
substrate preferably comprises a transparent substrate.
According to the present invention, there 1is aiso
provided a porous region rempving apparatus for removing a
porous region from a substrate having the porous region,
25 characterized by comprising means for executing the first

step of processing the porous region by an etchant while



to forma naskpattern having an opening. The Si&-r~=»ﬂwfw

substrate exposed in the opening portion was anqéiCzed-t:h an |

solution to forma porous layer. Wth this procqss a 50 ph1th|ck
porous | ayer was formed on the single-crystal ! } Si istipst at e! Next, the
mask pattern was renoved. Instead éff forn1ng‘a mask pattern on t he
single-crystal Si substrate, t he slngl e-crystat~Si~"substrate.may be
set in a holder with mhlch the HF sol uti on ¢an contact..only-- the regi on
where the porous layer is to be forned, and~sibjected to anodi zi ng.

The resultant substrate was set in the processing apparatus 100 shown

in Fig. 4. The wafe processing tapk 110 25 of the proceSS|n% appar at us
100 shown in FF'§P 14/3\7\}&5 ap; plEgasonic \wave fontRedetehdi ofee@Echant) of

fluoric acid, rQlecu ng the second step of processing the porous region
by the etchant without supplying any ultrasonic wave to the
etchant or while supplying an ultrasonic wave weaker than
5 the ultrasonic wave supplied in the first step to the etchant,
and means for executing the third step of removing the porous
region remaining on the substrate.
Further objects, features and advantages of the present
invention will become apparent from the following detailed
10 description of embodiments of the present invention with

reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

15 Figs : 1A to 1C are views for explaining the principle
of a porous layer removing method according to a preferred
embodiment of the present invention;

Figs. 2A to 2C are views showing a fabrication method
according to'the first application example of the porous

20 layer removing method;

Figs. 3A to 3F are views showing a semiconductor
substrate manufacturing method according to another:
preferred embodiment of the present invention;

Fig. 4 is a perspective view showing the first

25 arrangement of a wafer processing apparatus;

Fig. 5 is a perspective view showing the second



36+ - peroxi de, and pure water in advance. |In the processing

gpparatus 100, the substrate was rotated for abouf—° ht-s and at the
sane tine, an ultrasonic wave near 1 MHz was applji APE%ﬁﬁ B{t L ores in
the porous Si layer with the etchant. 5 The [operati-onr-6i- ]
ultrasonic source 131 was stopped, and the gqubst, eftjto stand
I n the wafer processing tank 110 Fd about 1} 1 %Iﬁﬁw?aﬁL rpcess,
the pore walls of the porous Si |ayer thinngd.

Subsequently, the porous Si layer was conpletely{ 10 renpved usirg the
apparatus shown in Figs. 12A to 12C. As

arrangement of the wafer processing apparatus;
Fig. 6 is a perspective view showing the third
arrangement of the wafer processing apparatus;
Fig. 72 is a view showing operation of the wafer
5 processing apparatus shown in Fig. 6;
Fig. 7B is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
Fig. 7C is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
10 Fig. 7D is a view showing operation of the wafer
processing apparatus shown in Fig. 6;
Fig. 7E is a view showing operation of the wafexr
processing apparatus shown in Fig. 6;
Fig. 8 is a perspective view of a swing assist member
15 in the wafer processing apparatus shown in Fig. 6;
Fig. 9 is a view showing the fourth arrangement of the
wafer processing apparatus;
Fig. 10 is a view showing the fifth arrangement of the
wafer processing apparatus;
20 Figs. 112 and 11B are views showing a modificatien of
the wafer processing apparatus shown in Fig. 5 or 6; and
Figs. 12A to 12C are views showing the seventh

arrangement of the wafer processing apparatus.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



a‘result,
substrate surface was forned.

above coul d be forned usi ng the apparat us shovpn in Fi g. BT" 6 ‘or 9.
15 ° (Exanpl e 2) Afilmof a naterlalfhaV|ng aﬁHFumﬁsastance was
f ormed on the surface of a single- &rystal Sii substrate andfpatterned
to forma maskpattern having an openi né,_ The singl e- cryst“‘aiw s f B

substrate exposed in the opening portion was anodi-zed_in

solution to forma porous |ayer reaching the | ower

:

.20 an F
Su'r.bfmahéﬂeu-wmq-hen’ t he

mask pattern was renoved. |nstead of formng a mask pattern on the

single-crystal Si substrate, t he single-crystal

substrate nmay be

set in a hol der withPe PresgRtc inVRREIED sk (AUiSH éﬁnfﬁﬁrﬂdﬁt}kﬂﬂ? t he regi on
where the 25 por o lal is.to be for rregayand ubj ected to apodi zi ng.

quen fomlng a porous

er an a’'non-porous layer

on a first substrate, bonding the first substrate to a

separately prepared second substrate, separating the bonded

5 substrate stack into two substrates at the porous layer to

transfer the non-porous layer formed on the first substrate

side to the second substrate side, and removing the porous

layer remaining on the surface on the second substrate side,

thereby manufacturing an SOI substrate.

10 As the first substrate, a single-crystal Si substrate

can be used. In this case, the porous layer is a porous Si

layer. On the porous Si layer, a single-crystal Si layer can

be epitaxially grown as a non-porous layer.

An insulating

layer such as an Si0, layer may be formed on the single-crystal

15 8si layer.

In the embodiment, the first substrate on which the

porous Si layer and the non-porous layer are sequentially

formed is bonded to the separately prepared second substrate

to form a bonded substrate stack. After the bonded substrate

20 stack is separated into two substrates at the porous Si layer,

the porous Si layer remaining on the second substrate side

is removed by, e.g., wet etching.

In etching the porous Si layer, break of the porous Si

layer can be prompted by supplying an ultrasonic wave to the

25 etching tank. More specifically, when an ultrasonic wave is

supplied into the etching tank, and more specifically, to



Subsequent | y,
37 - t
substrate
resuftant subs

a single-crystal Si layer having a

hi ckness of 1 [err]mwas fornmed on;the sur ﬁaegfeﬁqghe
as a resultant structure by eplta%ual" ST The
trate was set in the processing | g apparatus’iUD shown in

Fi'g. 4. The wafer processing tank 110 5 of the prqcess gg@pplarjat us 100
4 was filled wth a Hﬂxed sohuﬂlon (e chhﬁt) gf fluoric
peroxi de, and pure water |n,adv&nee -+ [{r ocessi ng

shown in Fig.
aci d, hydrogen

10

15

20

25

the bonded substrate stack during etching, pore walls in the
porous Si layer can be broken before they become thin. Since
the time from the start to the end of break of pore walls
in the porous Si layer can be greatly shortened, the etching
selectivity ratio between the porous layer and the underlying
second substrate (e.g., a single-crystal Si substrate) can
be increased. Hence, SOI thickness variations in surface of
the second substrate and SOI thickness variations between
the substrates after removal of the porous layer are
suppressed, and a high-quality SOI substrate .having a
single-crystal Si layer with high film thickness uniformity
can be obtained.

However, if the porous layer on the substrate to be
etched has variations in thickness, it may be difficult to
ensure higi‘l film thickness uniformity of the surface layer
(single~-crystal Si layer) of the second substrate after
removal of the porous Si layer. Especially in mass
production, this problem may result in a low yield.

In this embodiment, a method of more properly ensuring
high film thickness uniformity of the surface layer
(single-crystal Si layer) of the second substrate after
removal of the porous Si layer is provided.

Figs. 1A to 1C are views for explaining the principle
of a porous layer removing method according to a preferred
embodiment of the present invention. Referring to Figs. 1A

to 1C, reference numeral 201 denotes an underlying substrate



apparatus 100, the substrate was rotated for abput-6:hr:
.same tine, an ultrasonic wave near 0.25 Mz wasi"10 - apphi editd fill pores
in the porous Si layer with the etchant. 1 1+ The opéiatiion of the
ultrasoni ¢ source 131 was stopped, and the subst nate:asas 1 eft to stand
in the wafer processing tank 110 for about 2 hrs. "WtHh“thi s process,
the pore walls of the porous Si T&yer thihned. -~15--wIiThe

ul trasonic source 131 was operated again for about 5 mnto conpletely
remove the porous Si layer. As a result, a singlre-crystat Si nenbrane
I ncluding the epitaxial |ayer (single-crystal Si layer) forned on the
porous Si | ayer was formed. The epitaxial layer had a virtually

uni form 20 ~t{feceRessukitaate) e (4.ea Porpaedayer; and 203, Anceffthandver

structure of single-crystal Si. may be formed,. as shown in_ Fig. 2C, by
partial |y renoving g. 1A, the pores of the porous layer 202 are filled

-and at the

with the etchant 203 to the deepest portions. At this time,
anultrasonic wave is preferably supplied to the object (e.g.,

5 a bonded substrate stack) to be processed. When an
ultrasonic wave is supplied, the speed at which the pores
are filled with the etchant increases.

In Fig. 1B, the pores grow by the etching function. At
this time, preferably, no ultrasonic wave is supplied to the

10 object tobe processed, or the ultrasonic strength is reduced.
If an ultrasonic wave is supplied, the porous layer starts
to break as soon as the walls between adjacent pores become
thin to some degree as the pores grow. Since the porous layer
breaks first at thin portions, the surface of the underlying

15 substrate -201 is etched in these portions. In this case,
obviously ﬁilm thickness uniformity of the surface layer of
the substrate 201 degrades. However, when no ultrasonic wave
is supplied, the pores do not break unless they become much
thinner than in a case wherein an ultrasonic wave is supplied.

20 In this case, therefore etching can be prevented from locally
excessively progressing.

Even when no ultrasonic wave is supplied to the object
to be processed, etching progresses not only in the
horizontal direction (planar direction) but also in the

25 wvertical direction. However, the influence on etching is

negligible compared to the case wherein an ultrasonic wave



epi‘of axi al | ayer -

result as descr ﬁmm@f

Fig. 5, 6, or 9 j—=--

stal Si layer) in advance. The sane

e obtained 25 by the apparatus shown in

-38 ?ta Si n% rystal Si substrate was prepared. The
surface | ayer wa a éd #8d38 F solution to forma porous Si |ayer.

The anodi zi ng dondi.tions .hwere as follo Current density:
7 (mvcnferr]) | SR

is supplied.

In Fig. 1C, the porous layer 202 with thin pore walls
is removed. Not only etching but also polishing, scrubbing,
or the water jet method can be applied to this step. In this

5 step, the porous layer having a fragile structure upon
etching is removed at once.

When etching is applied to the step shown in Fig. 1C,
the steps in Figs. 1A to 1C can be executed using the same
etching tank. In this case, the step shown in Fig. 1B is

10 executed until pore walls at the deepest portion of the porous
layer are thinned to immediately break in the entire region
upon resupply of an ultrasonic wave, and then, the step in
Fig. 1C is executed (supply of an ultrasonic wave). With
this process, the porous layer can be removed at once, and

15 almost simultaneously, the underlying substrate 201 can be
exposed in the entire region of the object to be processed.
For this reason, variations in etching can be reduced, and
a given planarity of the underlying substrate 201 can be
maintained.

20 The above porous layer removing method can be eawily
applied to batch processing of a number of substrates. More
specifically, for each of a number of objects to be processed,
after the pore walls at the deepest portion of the porous
layer are thinned to allow immediate break in the entire

25 region in the step shown in Fig. 1B, the step shown in Fig. 1C

is executed.



5* Anodi zing solution: HF : Herr]0 : (err]Herr]OH 1

Ti ne:

(Lerrlm
at nosphere

of 10 each pore of the porous Si |ayer was covered Wi 1 hiAR tih

1

11 (mn) Thi ckness of pargEs B LAY
This substrate was then oxidizeé%iifgzﬁ%£$£¢g@
at 400[err]C for 1 hr. Upon this oXidation, the inn

oxide film A single-crystal Si layer having a thic¢kpess of .

[err]mwas epitaxially grown on the porous Si |ayef by CVD T€h
Vapor Deposition). The growi ng conditions were as follows. 15
Sour ce gas: SiHerr]CJ[err]/Herr] Gas flow rat
0.5/180 (1/ mn) Gas_pressure: 80 (Torr

Tenper at ur e:
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Thisgperepsr Fxgr removing method is preferably
practiced while completely dipping the object to be processed
in the etchant. In this case, particles canbe prevented from
sticking to the object. to be processed near the interface
between the etchant and air.

According to this porous layer removing method, by
supplying an ultrasonic wave, etching is prompted to break
the porous layer, and particles can be efficiently removed
from the object to be processed.

When the porous layer is removed while changing the
relative positional relationship between the ultrasonic
source (e.g., an ultrasonic vibrator) and the object to be
processed and, more specifically, the positional
relationship between the substrate and a standing wave
generated between the ultrasonic vibration surface and the
liquid surface of the etchant, processing can be uniformly
performed in all regions of the substrate surface. Todo this,
for example, the substrate is rotated, the substrate is swung,
a carrier holding the substrate is swung, or the ultrasonic
source is moved. i

Application examples of the porous layer removing
method will be described below.

(First Application Example)

The first application example is associated with an

object fabrication method. Figs. 2A to 2C are views showing

the fabrication method of this application example. In

wal |

0
m cal

e:



G owt h rate 0.3 ([err]mMmn) 20 Subsequently, an Sierr]
Jayer having a thickness of 200 nm was fornmed on the epltaX|aI S
layer by thermal oxidation. The surfacg, (e .. -ayar of the
fi'rst substrate was ‘bonded to the surface of .‘ﬁ”{eﬁ;& substrat e
(second substrate). 25 first substrate si de was renoved
by grlndlng pol i shing, or etcthé to expose the‘pdﬁgb§w8| Iayer I n

t he

i
i
b e e
Fig. 2A, an Si substrate 401 locally having porous Si
portions 402 is prepared. The Si substrate 401 is obtained
by, e.g., forming a resist film on the $1 substrate,
patterning the resist £ilm by lithography, and anodizing the
5 resultant structure. In place of the resist film, a
patterned Si,N, film or wax may be employed. As this wax,
wax having fluoric acid resistance, e.g., Apizoen wax (trade
name) can be used.
In Fig. 2B, a non-porous layer (pattern) 403 is formed
10 on the surface of the Si substrate shown in Fig. 2A.

In Fig. 2C, the porous Si portions 402 are removed.
More specifically, first, the substrate shown in Fig. 2B,
with the porous Si portions 402 exposed, is set in an etching
apparatus having an etching tank filled with an etchant for

15 porous Si, and etching is performed while supplying an
ultrasonic wave.

When the pores of the porous Si portions 402 are
sufficiently filled with the etchant, supply of the
ultrasonic wave is stopped, and etching is continued. In

20 this process, the pore walls in the porous Si portions 402
gradually thin. The color of porous Si portions 402 also
gradually becomes lighter when viewed from the surface (lower
side of the drawing). When the pore walls have sufficiently
thinned, the underlying non-porous layer (pattern) 403 can

25 be seen through the porous Si portions 402.

In this state, the remaining porous Si portions are



entire regi on on the second substrate. The second substrate was

set in the wafer processing appar at us 100 shown..in-Fi-g=—4— The waf er
processing tank 110 of the processing appég THERRCE o] 1oFlg. 4 was
filled wwth 5 a mxed solution (etchant) of flUﬂTT‘C"'aCI d‘" “‘”ﬁ){dr ogen

per oxi de, and pure water in advance. In thei {qce§sn; R@qappar at us 100,
t he second substrate was rotated for a!&)ut 1. 5 hrs and®at-- t he sane
time, an ultrasonic wave near 0.25 M1z was app| ibd e —t-0--f4-H| {pores in
the porous Si layer with the etchant. 10 The operation gf the

ul trasoni c source 131 was stopped, and th tratewas Teft to stand

I n the wafer proces ngq talné1 110 for gbout Wth thi s process
the pore wall Femovad h&EPEYBUS SPOF Ay RSt HPﬁFné‘ans for examplepnd)

ul t rasoni rce.l131, r in for
asoni ¢ sourc, lng’ 1 S GRS dhalgearesu]gpl@:l?ng an ultrasonic wave,

or 2) etching is performed using an etchant with high Si
etching rate.
5 To leave a hard structure, the porous Si portions may
be removed by a jet of water.
When the entire Si substrate 401 is made of porous Si,
only the non-porous layer formed on the substrate can be left.
In addition, when the non-porous layer 403 is patterned, as
10 described above, various structures including a cantilever
shown in Fig. 2C can be formed.
(Second Application Example)
The second application example is associated with a
semiconductor substrate manufacturing method. Figs. 3A to
15 3F show the semiconductor substrate manufacturing method of
this application example. In Fig. 3A, a first single-
crystal Si substrate 501 is prepared, and a porous Si layer
502 is formed on one surface of the first single-crystal Si
substrate 501. InFig. 3B, at least one non-porous layer 503
20 is formed on the porous Si layer S02. As the non-porous layer
503, a single-crystal Si layer, a polycrystalline Si layer,
an amorphous Si layer, a metal layer, a compound
semiconductor layer, or a superconductor layer is suitable.
As the non-porous layer 503, a layer including a device
25 structure such as a MOSFET may be formed. An SiO, layer 504

is preferably formed on the surface layer, thus completing



15 5 mnto conpletely renove the porous Si

£y: , when
the etchant is appropriately circul ated, as i MRV Jfﬁf 10, surface
uniformty of the processed substrate i ncrea The
ultrasonic wave is applied to the etchant fof 4h4 | ayer, the
substrate is rotated, and S|nultaneousI¥ 'the etchant iJsjcirculated to
fill the pores in the por ous Iaye on t he SUbsStTat th [t he etchant.
After this, application of the ultrasoni.c_wave is stopped, and the
substrate is left to stand for an appropriate time. WIRThs' 25 process,
for each of all substrates, the pore walls in the porous Si |ayer can

be sufficiently thinned in the entire
the first substrate. This Si0, layer 504 is useful also

because when the first substrate is bonded to a second
substrate 505, the interface states of the bonding interface
can be separated from the active layer.

5 Subsequently, as shown in Fig. 3D, the separately
prepared second substrate 505 is brought into contact with
the first substrate shown in Fig. 3C at room temperature via
the Si0, layer 504. After this, anode bonding, pressing, a
heat treatment as needed, or a combination thereof is

10 performed to firmly bond the substrates.

When a single-crystal Si layer is formed as the
rnon-porous layer 503, the first substrate is preferably
bonded to the second substrate 505 after the SJ’.&)2 layer 504
is formed on the surface of the single-crystal Si layer by,

15 e.g., thefrnal oxidation.

As the second substrate 505, an Si substrate, a
substrate obtained by forming an Si0, layer on an Si substrate,
a transparent substrate consisting of silica glass or quartz,
or a sapphire substrate is suitable. Any other substratecan

20 be used as far as the second substrate 505 has a sufficieﬁtly
flat surface to be bonded.

Fig. 3D shows a state wherein the first substrate and
the second substrate are bonded via the SiO, layer 504. If
the non-porous layer 503 or the second substrate does not

25 consist of Si, the SiO, layer 504 need not be formed.

In bonding, an insulating thin plate may be inserted



R N -
40 * region on the surface. For this reasdn nalp’ g-.por ous

Si layer can be renoved at once uniformly on the: tffélr ﬂ o:iz-i ) of each
substrate. The same result as descrlbed ébove coul d be dbtalned
5 "Dby the apparatus shown in Fig. 5, 6, or 9. I B ﬁ&eﬁ%mhén ‘one of

the follow ng nethods is enpl oyed Ei‘nstead qf the‘nethod of?applylng an
ul trasoni c wave again after applicalion of {the uItrason1c-maVe S

st opped, the remai ni ng porous Si |ayer can be~ rerpved Wi th hlgh
quality. 10 (1) The resultant structure is dipped in a niXed*sol ution
of fluoric acid, nitric acid, and pure water for about 5 sec

between the first and the second substrates.

In Fig. 3E, the first Si substrate 501 is removed from
the second substrate side at the porous Si layer 502. To
remove the first substrate, either the first substrate side

5 1is discarded by grinding, polishing, or etching, or the
bonded substrate stack is separated into the first substrate
side and the second substrate at the porous Si layer 502.

In Fig. 3F, the porous Si layer 502 remaining on the

surface on the second substrate side is removed. More

10 specifically, first, the second substrate side is set in an
etching tank filled with a porous Si etchant, and etching
is performed while supplying an ultrasonic wave.

When the pores of the porous Si portions are
sufficiently filled with the etchant, supply of the

15 ultrasonic wave is stopped, and etching is continued. In
this process, the pore walls in the porous Si layer 502
gradually thin. The color of porous Si layer 502 also
gradually becomes lighter when viewed from the surface. When
the pore walls have sufficiently thinned, the underlying

20 non-porous laver (e.g., a single-crystal Si layer) 503%can
be seen through the porous Si layer 502.

In this state, the remaining porous Si layer 502 is
removed. To remove the porous Si layer, for example, 1)
etching is performed while resupplying an ultrasonic wave,

25 2) etching is performed using an etchant with high Si etching

rate, 3) the porous Si layer 502 is removed by a jet of water,



to-renove the porous | ayer. (2) The porous Si layer is renoved by

pol i shi ng. (3) The porous Si layer is renoved by scrubbing. 15 (4)

The porous Si layer is renoved by scanning the substrate whi | e

spraying a water jet at a pressure of, e.g., 1,000 kg/cnierr].

In the step of renoving the porous Si |ayer, the single-crystal S

| ayer functioned as an etch stop layer;1920 so the porous Si |ayer was

selectively etched and conpletely renmoved. The etching rate

of the non-porous Si single crystal for the above etchant is very | ow

The selectivity ratio to the etching rate of the non-porous Si single

crystal to that 25 of the porous layer is 10[err] or nore. The etching

amount of 4) the porous Si layer 502 is polished, or 5) scrubbing is
performed.

Fig. 3F is aview schematically showing a semiconductor
substrate (SOI substrate) obtained by the above method. The

5 non-porous layer (e.g., a single-crystal Si layer) 503 with
a flat surface and uniform film thickness is formed on the
second substrate 505 via the insulating layer (e.g., an Sio,
layer) 504. According to this method, a large-area
semiconductor substrate having high quality can be

10 manufactured.

When an insulating substrate is employed as the second
substrate 505, the semiconductor substrate obtained by the
above manufacturing method is very useful to form an
insulated electronic device.

15 When- the bonded substrate stack shown in Fig. 3D is
divided at the porous Si layer 502, the first substrate can
be reused after the porous Si layer 502 remaining on the first
substrate 501 is removed, and the surface is planarized, as
needed.

20 Specific examples of a wafer processing apparatés
suitable to remove a porous layer will be listed below.
(First Arrangement of Processing Apparatus)

Fig. 4 is a perspective view showing the schematic
arrangement of a wafer processing apparatus suitable to

25 remove a porous layer.

In a wafer processing apparatus 100, members which may



t te- non- porous | ayer (about several ten A) is.allowable-

-41- practical use. Wt h thREHd: s!ﬁ"ﬁﬁcé’sﬁg n SO
substrate having a 0.2-[err]m thi ck sing f-”CTY’St at S Tayer on the Si
oxide filmwas forned. The t hi ckness of gsul am‘nSQn | e-crystal
Si | ayer was 5 measured at 100 poi ntfo on: the bn Ire” ur‘““f ace. {The

t hi ckness was 201 nm 4 nm The tesultant—strdcture was
subj ected to a heat treatment in hydrogeE at 1, 1OOC for ihr, and t he
surface T

come into contact with the process solution are preferably
made of silica glass or a plastic in accordance with their
application purposes. As the plastic, a fluoroplastic,
vinyl chloride, polyethylene, polypropylene, polybutylene

5 terephthalate (PBT), or polyether ether ketone (PEEK) can
be used. BAs the fluoroplastic, PVDF, PFA, or PTFE is
suitable.

The wafer processing apparatus 100 comprises a wafer
processing tank 110, an overflow tank 120, an ultrasonic tank

10 130, and a wafer rotating mechanism (111 to 119) for
.. supporting wafers 140 while rotating them.

Before processing wafers, the wafer processing tank 110
is filled with a procéss solution (etchant). The overflow
tank 120 for temporarily storing the process solution

15 overflowiﬁg from the wafer processing tank 110 is mounted
on the upper portion the wafer processing tank 110 to surround
it. The process solution temporarily stored in the overflow
tank 120 is discharged from the bottom portion of the overflow
tank 120 to a circulator 121 through a discharge pipe 121a.

20 The circulator 121 filters the discharged process solutEion
to remove particles and sends the process solution to the
bottom portion of the wafer processing tank 110 through a
supply pipe 121b. With this arrangement, particles in the
wafer processing tank 110 are efficiently removed.

25 The wafer processing tank 110 preferably has a depth

with which the wafers 140 can be completely immersed. With



roughness was evaluatedmnthanaton1c forcen1croscope The 10 mean square
Jroughness in a 5-[err] msquare area was about 0.2 .-~

equal s that of a comrercially avail able Si wai i.' :
observation with a transm ssion el ectron n1droscope reveéTeﬁ i hat no
new crystal defects were formed 15 ip the S|ngle crystgl ayer and
satisfactory crystallinity was tained. ; | The sane result
as descri bed above was obtai ned even when the ‘oxide~fitm (S Jerr])
was formed not on the surface of the epitaxial |ayer but on the
surface of the second substrate 20 or on both these surtfaces:

A satisfactory result was obtai ned even when a transparent substrate

of silica g|a§§y§ragﬁ@ngemgpgwﬁpqp;ygles in the air or near the liquid
surface can be prevented from adhering to the wafers 140.
The ultrasonic tank 130 is located under the wafer
processing tank 110. Inside the ultrasonic tank 130, an
5 ultrdsonic source 131 is supported by an adjustment mechanism
132. The adjustment mechanism 132 has, as mechanisms for
adjusting the relative positional relationship between the
ultrasonic source 131 and the wafer processing tank 110 has
a mechanism, a mechanism for adjusting the vertical position
10 of the ultrasonic source 131 and a mechanism for adjusting
the horizontal position. With this mechanism, the
ultrasonic wave to be supplied into the wafer processing tank
110 and, more specifically, to thewafers 140 can be optimized.
The ultrasonic source 131 preferably has a function of
15 adjusting-fhe frequency or strength of the generated
ultrasonic wave. With this arrangement, supply of an
ultrasonic wave can be further optimized. By imparting the
function of optimizing supply of an ultrasonic wave to the
wafers 140, the ultrasonic wave can be supplied individually
20 to a variety of types of wafers. The ultrasonic tank 136‘is
filled with an ultrasonic transmission medium (e.g., water),
so the ultrasonic wave is transmitted to the wafer processing
tank 110 through the ultrasonic transmission medium.
The wafer processing apparatus 100 has a control section
25 for ON/OFF-controlling the ultrasonic source 131. With this

control section, porous layer removing processing can be
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controlled.

The wafers 140 are held to be almost perpendicular to
the bottom surface of the wafer processing tank 110 by four
wafer rotary rods 111 each having grooves llla engaging with
the wafers 140. The wafer rotary rods 111 have a function
of supporting the wafers 140 while rotating them and
constitute part of the wafer rotating mechanism. Each wafer
rotary rod 111 is pivotally supported by a pair of rod support
members 118 opposite to each other, so the wafer rotary rods
111 rotate in the same direction upon receiving a driving
torque generated by a motor 119. Each wafer rotary rod 111
preferably has a small diameter not to impede transmission
of the ultrasonic wave.

The number of wafer rotary rods 111 is preferably as
small as pdssible. To ensure a desired frictional forcewith
respect to the wafers 140, preferably, two wafer rotary rods
111 fbr. limiting movement in the rolling direction (X-axis

direction) of the wafers 140, and two wafer rotary rods 111

for supporting the wafers 140 from the lower side are provided.

When two wafer rotary rods 111 are disposed at an appropniﬂate
interval below the wafers, the driving torque can be

efficiently transmitted to the wafers having an orientation
flat. If only one wafer rotary rod 111 is placed underneath
the wafers, and the orientation flat is positioned above this
wafer rotary rod 111, the wafers cannot be rotated by the

wafer rotary rod 111.



coridi t i ohs were as foll ows. <Anodi zi ng of Iil r-sf:iSt:ép'ﬁ

Current density: 7 (mMdcnferr]) Anédl zi ng sol utlo ;. HF
Herr]0O Cerr]Herr]OH=1 1 1 10 Time:t § MAR 1688 5(mn)
Thickness of porous Si layer: 5.5 ([err]m <Anodi 2| _ng of Seicond St ep>
Current density: 30 (mdcnferr]) ;Anodl zing “sol ut’ on HF
Herr]O0 : JerrJ]Herr]OH=1: 1 1-235 LTl < 110 (sec)
Thi ckness of porous Si layer: 3 ([err]m Subsequently, this
substrate was oxidized in an oxygen at nosphere at 400[err]C for 1 hr.
Upon this oxidation, the inner wal | of each pore of the porous Si

| ayer was covered with

Normally, a standing wave, i.e., an ultrasonic wave
having a high-strength portion and a low-strength portion
is formed between the bottom surface of the wafer processing
tank 110 and the liquid surface. However, since this wafer

5 processing apparatus 100 can process the wafers 140 while
rotating them, nonuniformity in processing due to the
standing wave can be reduced.

In the wafer processing apparatus 100, the number of
members on the bottom portion of the wafer processing tank

10 110 or around the wafers 140 is decreased as small as possible.
For this reason, the ultrasonic wave can be efficiently and
uniformly supplied to thewafers 140. Inaddition, with this
arrangement, since the process solution can freely flow
around the wafers 140, the wafers can be uniformly processed,

15 and proceésing defects can be prevented.

(Second Arrangement of Wafer Processing Apparatus)

Fig. 5 is a view showing the schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer.

20 In a wafer processing apparatus 10, members whicl%‘fnay
come into contact with the process solution are preferably
made of silica glass or a plastic in accordance with their
application purposes. As the plastic, a fluoroplastic,
vinyl chloride, polyethylene, polypropylene, polybutylene

25 terephthalate (PBT), or polyether ether ketone (PEEK) can

be used. As the fluoroplastic, PVDF, PFA, or PTFE is
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suitable.

The wafer pfocessing apparatus 10 comprises a wafer
processing tank 11, and a holder driving mechanism 31 for
swinging a wafer holder 21 in the wafer rocéssing tank 11,
The wafer processing apparatus 10 preferably has an
ultrasonic tank 61.

Before processing wafers, the wafer processing tank 11
is filledwith a process solution. Thewafer processing tank
11 has a four-side overflow tank 12. The process solution
is supplied by a circulator 71 with a filter from the bottom
portion of the wafer processing tank 11 into the wafer
processing tank 11. The process solution overflowing from
the wafer processing tank 11 is stored in the four-side
overflow tank 12 and discharged from the bottom portion of
the four-side overflow tank 12 to the circulator 71. Inthis
wafer processing apparatus 10, the wafer holder 21 is swung
by the holder driving mechanism 31, and simultanecusly, the
process solution is stirred. For this reason, the
circulating system including the four-side overflow tank 12
is extremely effective to maintain a constant liquid sur«g'ace
of the process solution.

As the wafer holder 21, a commercially available product
can be used. The wafer holder 21 is preferably made of silica
glass or a plastic. As the plastic, a fluoroplastic, vinyl
chloride, polyethylene, polypropylene, polybutylene

terephthalate (PBT), or polyether ether ketone (PEEK) can



Af-t'er that, an.S.O2 layer having a thickness of 100 nm was formed on
the epitaxial #Spi ha byctherimal oxidation. 5 The surface of the
Sigerr] Iayérkbﬁlﬁ-ewffpﬁﬂis@bstrate was bonded to the surface of a
prepared Si éuﬁstratg}(sggo@dg substrate). The bonded
substrate stack was dfvildid iinto two substrates by the porous Si |ayer
formed at a ¢utrent density ! 10 of 362% cnferr] (anodizing of second
step) to expése the porous § Si layer to the entire surface on the
second subst tat-e Si-d@...T0 di vide the bonded substrate stack, the
substrates are mechanically pulled, tw sted, or pressed, a wedge is
driven into the edge of the bonded substrate stack, the bonded 15
substrat e stadle usedxi dhzethd ridmcrbelastid acerory peal, bhepTFE isubstrates,

thermal stress is used, an ultrasonic wave is
suitable.

The holder driving mechanism 31 has a pair of holding
portions 3la for holding the wafer holder 21. The wafer
5 holdef 21 is held by the pair of holding portion 3la and dipped
in the wafer processing tank 11. Desired processing can be
performed for a wafer 40 while swinging the wafer holder 21
in the wafer processing tank 11. The holder driving
mechanism 31 has a function of conveying the wafer holder
10 21 storing wafers 40 which have been processed in the
.‘ preceding step to the wafer processing tank 11 or to the next
step. The holder driving mechanism 31 also has a function
as part of the wafer processing apparatus 10.
In this embodiment, the holding portions 3la hold the
15 wafer holdér 21, so thewafer 40 is indirecf:ly held. However,
the holding portions 3la may be replaced with, e.g., chuck
pads to directly hold the wafer 40. The direction in which
the wafer 40 is held is not limited to the direction
perpendicular to the bottom surface of the wafer processing
20 tank 11 and may be parallel to the bottom surface. -
The ultrasonic tank 61 has an ultrasonic source 51 and
is filled with an ultrasonic transmission medium (e.qg.,
water). The ultrasonic source 51 is fixed on an adjustment
mechanism 62 for adjusting the vertical and/or horizontal
25 position of the ultrasonic source 51. When the positional

relationship between the ultrasonic source 51 and the wafer



applied, or a water jet is injected into the edge of the bonded

substrate st ack The second substrate was set in the wafer
processi ng 20(%Eﬁkﬁﬁgwﬂgﬂlgyﬂgmqwn in Fig. 4. The wafer processing tank 110
of t*he process npmappara S--SHOWN i N Fig. 4 was filled with a m xed
solution (etchpant) 'u gr a¢i d, hydrogen peroxide, and pure water

I n advance. | n| the1§ 50%55% g aparatus@ﬁﬂo, the second substrate was
rotated for abput_1.5_hrs angl at 25 the sane tine, an ultrasonic wave
near 0.25 MHz s applied to fill pores in the porous Si layer with

t he etchant. -44 -

processing tank 11 is adjusted by the adjustment mechanism
62, theultrasonic wave to be supplied to the wafer processing
tank 11 and, more specifically, to the wafer 40 can be
optimized. The ultrasonic source 51 preferably has a

5 function of adjusting the frequency or strength of the
generated ultrasonicwave. With this arrangement, supply of
an ultrasonic wave can be further optimized. By imparting
the function of optimizing supply of an ultrasonic wave to
the wafer 40, the ultrasonic wave can be supplied

10 individually to a variety of types of wafers.

) The Qafer-processing apparatus 10 has a control section
for ON/OFF-controlling the ultrasonic source 51. With this
control section, porous layer removing processing can be
controlled.

15 (Third Arr'angement of Wafer Processing Apparatus)

Fig. 6 is a view showing the schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer. Figs. 7A to 7E are views showing operation of the
wafer processing apparatus shown in Fig. 6. Fig. 8 is a

20 perspective view of a swing assist member in the wafer
processing apparatus shown in Fig. 6.

The wafer processing tank 11 preferably has, on the
bottom surface, a swing assist member 13 for increasing the
efficiency of swing of the wafer 40 by the holder driving

25 mechanism 31. The swing assist member 13 comes into contact

with the side surface of the wafer 40 held by the wafer holder



The operatlon of the ultrasonic source 131 was stopped, and the

Substrate was left to stand in the wafer processing~-- ”tﬂﬂk”li@:f@r about
1 hr. Wth this process, the pore walls of th ¢ |: bayefr

thirnned. 5 The ul trasonic source 131 was operat ed agaln for about

5 mn to conpletely renove the porous Sllayer At twistlnevg*@ when the
etchant is appropriately circul ated, a& shown in Flg 10 surface
uniformty of the processed substrat e | mpr oves. =10~ The
ultrasonic wave is applied to the etchant for the ! porous Si | ayer, the
substrate is rotated, and sinmultaneously, t he™ét¢hant i's circulated to
fill the pores in the porous | ayer on the substrate with the etchant.

After this, 21 when the wafer holder 21 moves, thereby rotating and
vertically moving the wafer 40 in the wafer holder 21 by the
frictional force. The swing assist member 13 is useful to
improve the surface uniformity of the processed wafer.

5 It is also effective to use a driving mechanism for
vertically (Y-axis direction) and/or horizontally (X-axis
direction) moving the swing assist member 13. In this case,
the swing assist member 13 itself moves to rotate the wafer
40 and'vertically'move the wafer 40 in the wafer holder 21.

10 Therefore, the range in which the holder driving mechanism
| 31 moves thewafer holder 21 can bemade small. Inother woxrds,
the wafer processing tank 11 can be made compact.
The ultrasonic tank 61 has the ultrasonic source 51 and
is filled with an ultrasonic transmission medium (e.g.,
15 water). The ultrasonic source 51 is fixed on the adjustment
mechanism 62 for adjusting the vertical and/or horizontal
position of the ultrasonic source 51. When the positional
relationship between the ultrasonic source 51 and the wafer
processing tank 11 is adjusted by the adjustment mechanism
20 62, theultrasonic wave to be supplied to the wafer proces&ing
tank 11 and, more specifically, to the wafer 40 can be
optimized. The ultrasonic source 51 preferably has a
function of adjusting the frequency or strength of the
generated ultrasonicwave. With this arrangement, supply of
25 an ultrasonic wave can be further optimized. By imparting

the function of optimizing supply of an ultrasonic wave to
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'"ébdlication of the ultrasonic wave is stopped, and the 15 substrate was

Jleft to stand for an appropriate tine. Wth this process, for each of
all substrates, the pore walls in the porous Si |ayer can be
sufficiently thinned in the entire region on the surface. For this
reason, the remaining porous Si | ayer can be renoved at once uniformy
on the entire region 20 of each subs#¥ate. The sane result as
descri bed above coul d be obtai ned "Dy the apparatus shown in Fig. 5, 6,
or 9. Even when one of the follow ng nethods is enpl oyed

I nstead of the nethod of applying an ultrasonic wave again 25 after
application of the ultrasonic wave is stopped, the remai ni ng porous S

| ayer can be r@mwafen ¢R, hthé wiktasopic wave can be supplied
individually to a variety of types of wafers.

The wafer processing apparatus 10 has a control section
for ON/OFF-controlling the ultrasonic source 51. With this

5 control section, porous layer removing processing can be
controlled.

Figs. 7A to 7E are views for explaining a wafer swing
method. In these drawings, arrows indicate the moving
directions of the wafer holder 21. Fig. 7A shows a state

10 immediately before the wafer starts to be swung. When the
) start of wafer swing operation is instructed, the holder
driving mechanism 31 presses the holding portions 3la

downward under computer control, as shown in Fig. 7B. The

side surface of the wafer 40 comes into contact with the swing
15 assist member 13 midway this pressing. The wafer 40 is

supported by the swing assist member 13 at its lower portion.

When the swing assist member 13 comes into contact with
the wafer 40, particles may be produced albeit in a small
amount. To prevent this, the distal end portion of the swing

20 assist member 13 is preferably has a round shape, as s¥own
in Fig. 8, for smooth contact with the wafer 40.

The swing assist member 13 only need to assist swing
of the wafer 40 énd therefore can have a shape not to impede
transmission of the ultrasonic wave, e.g., a thin plate-

25 1like shape. With this arrangement, the ultrasonic wave can

be uniformly supplied to the wafer 40, and the wafer 40 can



45-~ (1) The resultant structure is dipped in a m xed solution
d, nitric acid, and pure water for about 5 sec to

o iy .

of fluoric aci

renove the porous |ayer. (2) The porous Si Iay
pol 1 shi ng. 5 (3) The porous Si layer is renoyéd. byvs )|
(4) The porous Si layer is renoved by scanning the Tubstrate

spraying a wat
In the step of

| ayer functioned as an etch stop | ayer,
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er jet at a pressure of ~28-g., 1,000

11 kol ont

e e ek .

renovi ng the porous Si layer, the [h?_ si ngl e-¢rydt al

be uniformly processed.

In this wafer processing apparatus 10, the wafer 40 is
processed while changing the relative positional
relationship between the wafer 40 and the swing assist member
13, i.e., the relative positional relationship between the
wafer 40 and the wafer processing tank 11. For this reason,
slight nonuniformity of the ultrasonic wave due to the swing
assist member 13 poses no problem.

When the press amount of the wafer holder 21 is large
to some extent, the contact pressure between the wafer 40
and the swing assist member 13 can be increased. Hence,
sliding movement between the swing assist member 13 and the
wafer 40 is eliminated to prevent operation failures. If the
press amount is small, the gravity against the wafer 40 acts
more large.ly on the wafer holder 21 than on the distal end
portion of the swing assist member 13. When the swing assist
member 13 having the shape of this embodiment is used, the
press amount is preferably set to be about 30 mm after the
wafer 40 comes into contact with the swing assist member 13.

When the opera{:ion of pressing the wafer holder &i‘.is
ended, the holder driving mechanism 31 moves the holding
portions 3la to the right (positive X-axis direction) under
conputer control, as shown in Fig. 7C. The wafer 40
substantially horizontally moves to the right (positive
X-axis direction) in the wafer processing tank 11 while

rotating clockwise. The moving amount of the holding




'soc‘{he porous SI Iayer was sel ectively etched and conpletely  renoved.
The etching rate of the non-porous Si single crys“tva-r-,, -

etchant is very low. The selectivity ratio to 15 " t:1 "C] fe of the
noh=porous Si single crystal to that of the >p0rous Iayer I S 10[err] or
nore. The etching amount of t he ngn- porous Iay'er (iab‘i;iut?»ssevéral ten A
Is all owabl e for practical use. -30 - Wth the above proCess an
SO substrate having a 0.1-m 20 thick single- crysta1 SiTTayer onithe Si
oxi de filmwas formed. The thickness of the resultant. singl. e_crystal

Si |ayer was measured at 100 points on the entire surface. The

t hi ckness was 101 nm 3 nm The resultant structure was

subj ected to @9rEOns2Ela musstheenet Wi thidrtdgeranme in vodfbritethdloting hr, and
the surface portions 3la donot collide against the lower opening portion
of the wafer holder 21.
When movement of the wafer holder 21 to the right
5 (positive X-axis direction) is ended, the holder driving
mechanism 31 moves the holding portions 3la upward under
computer control, as shown in Fig. 7D. The moving amount of
the holding portions 3la is preferably set within the range
in which the wafer 40 does not come close to a liquid surface
10 14 of the process solution. If the wafer 40 comes close to
the liquid surface 14, particles may adhere to the surface
of the wafer 40.

When movement of the wafer holder 21 upward is ended,

the holder driving mechanism 31 moves the holding portions

15 3la to the left (negative X-axis direction) under computer
control, as shown in Fig. 7E, so the initial state is restored
(Fig. 7A}.

By repeating the above operation (Fig. 7A — Fig. 7B
— Fig. 7C — Fig. 7D — Fig. 7E), the wafer 40 can be

20 appropriately swung and uniformly processed.

According to the wafer processing apparatus 10, since
the wafer 40 is swung in the region where supply of an
ultrasonic wave is optimized by adjusting the ultrasonic tank
61, the ultrasonic wave acting on the wafer 40 can be

25 optimized.

As is known, the standing wave of an ultrasonic wave
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has antinodes and nodes at a predetermined interval.
Therefore, it is difficult to uniform the ultrasonic wave
in the wafer processing tank 11.

However, in this wafer processing apparatus 10,
processing for the wafer 40 can be uniformed independently
of the nonuniform strength distribution of the ultrasonic
wave because the holder driving mechanism 31 swings the wafer
40. Even when the wafer 40 is simply moved only in the
horizontal direction, vertical direction, or obligque
direction, processing for the wafer 40 can be uniformed.
When the wafer 40 is also swung in the axial direction (Z-axis
direction), nonuniformity in prbcessing'between wafers due
to the high-strength portion of the ultrasonic wave in the
horizontal plane can also be corrected.

Since the wafer processing apparatus 10 has the swing
assist member 13, the swing amount of the wafer 40 can be
efficiently increased. The fixed position of the swing
assist member 13 is not limited to the bottom portion of the
wafer processing tank 11. As far as the swing assist member
13 can contact all wafers 40 in the wafer holder 21, the sWing
assist member 13 may be fixed on the inner wall of the wafer
processing tank 11 or on the holder driving mechanism 31 (in
this case, a mechanism for changing the relative positional
relationship between the holding portions 31la and the swing
assist member 13 is required).

In addition, according to the wafer processing

aI ed



Theﬂsane result as descri bed above was obtained _even.. .. .. . mhen_the oxi de
filmwas formed not on the surface of the 10 eputa% '

surface of the second substrate or on both ‘Thesg s &
satisfactory result was obtained even when a : | trans arent substrate of
silica glass or the |ike was used as the $econdf§hgsﬁf"te ‘However ,
since a slip may be formed 15 in the33ingle- erstal Si | ayer due to sone
difference in t hermal expansi on coefficient between silica’ igl ass and
t he Si layer, the temperature of the heat treatnent-in-hydrdogen

was decreased from1,100[err]Cto 1,000[err]C or |ess. Section

observation with a transm ssion electron 20 mcroscope indicated that no
new crystal defepasaiis d&.osipde no driyingemethajlisrcigsprdsesit Layehe and
satisfactory

wafer processing tank 11, particles are not produced due to

operation of the driving mechanism.

(Fourth Arrangement of Wafer Processing Apparatus)

) Fig. 9 is a view showing the schematic arrangement of

a wafer processing apparatus suitable to remove a porous

layer.

In a wafer processing apparatus 300, the wafer 40 is
held almost parallel to the bottom surface of the wafer

10 processing tank 11 (i.e., almost parallel to the vibration
plane of the ultrasonic wave) and completely dipped in the
process solution (etchant)} in the wafer processing tank 11,
and in this state, swung by a wafer moving mechanism 80,
thereby dniformly processing the wafer 40 and prevent

15 contamination by particles.

The wafer moving mechanism 80 holds the wafer 40 with
an arm 81 and swings the wafer 40 in the wafer processing
tank 11. The wafer 40 is preferably swung in a direction
crossing the vibration plane of the ultrasonic wave (i.e.,

20 in the vertical direction) and a direction parallel ta the
vibration plane (i.e., in the horizontal direction).

In this wafer processing apparatus 300 as well,
preferably, the wafer 40 completely dipped in the process
solution is processed. In this case, particles can be

25 prevented from adhering to the wafer 40 near the interface

between the process solution and gas.
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According to the wafer processing apparatus 300, the
wafer 40 can be uniformly processed by swinging the wafer
40 in the wafer processing tank 11.

(Fifth Arrangement of Wafer Processing Apparatus)

Fig. 10 is a view showing the‘ schematic arrangement of
a wafer processing apparatus suitable to remove a porous
layer. 1In the wafer processing apparatuses of the second to
fourth arrangements, wafers are processed while being swung.
In a wafer processing apparatus 500 of the fifth arrangement,
the speed of flow of the process solution (etchant) is
increased instead of swinging wafers.

In the wafer proceSsing apparatus 500, a support portion
73 for supporting the wafer holder 21 is placed at the lower
portion of the wafer processing tank 11. The process
solution supplied from the circulator 71 spouts from spout
ports 72 under the support portion 73 at a high speed. The
support portion 73 has a plurality of opening portions. The
process solution spouted from the spout ports 72 moves upward
through the opening portions.

When the process solution is circulated at a high spe’ed,
the wafer 40 can be uniformly processed.

It is also effective to assemble the above-described
circulating mechanism (71 .to 73) in the wafer processing
apparatus 10 shown in Fig. 5.

(Sixth Arrangement of Wafer Processing Apparatus)

In the above-described wafer processing apparatuses,



5 -tthermal expansion coefficient between silica gJa nd the
single-crystal Si layer, the tenperature of the!F
hydrogen was decreased from1, 100[err]C to 1, 000feis]:

s

When the porous Si layer left on the first substrate

sel ectively etched and subjected to a su‘{face i tr’eé@ﬁ%ﬁjt&, ack

hydr ogen anneal i ng or surface polishin thel. substrate coul d be
recycled as the first or second substrate “r~Almbst the same
result as described above was obtained 15 even when a. por ous layer with a
singl e-l1ayered structure was formed by anodi zi ng. T In the
above exanpl es, as_the epitaxial grow ng nethod of formng a

si ngl e- cryst al SSPPLYyaRd FPRFHPRIaT 6fisthe ph§kasonic wave to the wafer

processing tank are switched by controlling the ultrasonic

source. Instead, a mechanism for shielding the ultrasocnic

wave as needed may be inserted between the ultrasonic source
5 and the wafer.

A modification of the wafer processing apparatus shown
in Fig. 5 or 6 will be described. Figs. 11A and 11B show a
moc.lification of the wafer processing apparatus shown in
Fig. S or 6. InFigs. 112 and 11B, the overflow tank and the

10 circulator are omitted.

The wafer processing apparatus of this modification has
shutters 91 and 92 for shielding the ultrasonic wave, as
needed, between the ultrasonic source 51 and the bottom
surface of the wafer processing tank 11. To transmit the

15 ultrasonic wave to the wafer processing tank 11, the shutters
91 and 92 are opened by a driving section (not shown), as
shown inFig. 11A. Toshield theultrasonicwave to thewafer
processing tank 11, the shutters 91 and 92 are closed by the
driving section (not shown), as shown in Fig. 11B. As the

20 material of the shutters 91 and 92, a material which hazdly
transmits the ultrasonic wave, e.qg., PFA or PTFE is suitable.
(Seventh Arr_angement of Wafer Processing Apparatus) -

Figs. 12A to 12C are views showing the schematic
arrangement of a wafer processing apparatus suitable to

25 remove a porous layer. Fig. 12A is a front view, Fig. 12B

is a side view, and Fig. 1C is a plan view.



not -only CVD but also MBE, sputtering, or liquid phase growing 20 can be
used. A single-crystal conpound sem conductor | or InP

may be epitaxially grown on the porous Si |ayer. 'LAGEMEMTQN , a

hi gh-frequency device such as GaAs on Si or As”"'6’ﬁ"’“"‘(’3l““ass~€ artz) or
a substrate suitable for CEIC can be manufaftpur. 48Pinan | |AS the
etchant used to selectively etch the polous Si sol ution

of 49% fluoric acid, 30% hydrogen
48

In awafer processing apparatus 700, a jet of f£luid (e.qg.,
water) 701 is sprayed from the spray nozzle 700, and the porous
layer of the wafer 40 is removed by the sprayed fluid.

In the example shown in Figs. 12A to 12C, the spray

5 nozzle 700 is scanned in the Z-axis direction while spraying
the fluid 701 from the spray nozzle 700 perpendicularly to-
the wafer 40, thereby removing a porous layer 40a on the entire
surface.

Examples to which the above porous layer removing method

10 is applied will be described below.

) {Example 1)

A film of a material having a HF resistance was formed
on the surface of a single-crystal Si substrate and patterned
to form a mask pattern having an opening. The single-crystal

15 Si substrate exposed in the opening portion was anodized in
an HF solution to form a porous layer. With this process,
a 50-um thick porous layer was formed on the single-crystal
Si substrate. Next, the mask pattern was removed. Instead
of forming a mask pattern on the single-crystal Si substrate,
20 the single-crystal Si substrate may be set in a holder with
which the HF solution can contact only the region where the
porous layver is to be formed, and subjected to anodizing.

The resultant substrate was set in the processing

apparatus 100 shown inFig. 4. The wafer processing tank 110
25 of the processing apparatus 100 shown in Fig. 4 was filled

with a mixed solution (etchant) of fluoric acid, hydrogen



peroxi de and H20 is suitable. However, the foll ow f t.chants can al so

be used. Since the porous Si |layer has a | ar ge'is ea,—sel ective
etching is easy. (a) Fluoric acid 5 (b) Mixed solutidn=prepared by
addi ng at | east one of an al cohol and hydrogen/peroxide to F}ubric

aci d (c) Buffered fluoric acid (d) M xed solutioh fidpar ed by
addi ng at | east one of an al cohof 3&nd hydrogkn@peLQngg to éuﬁfered
fluoric.acid 10 (e) Mxed solution of fluoric acid, nitric actd,:and
acetic aci d. In the above exanples, tostep..application of

t he ultrasonic wave, the operation of the ultrasonic sourcé i’s

st opped. However, use of shutters is also effective, as 15 shown in Figs.
11A and 11B. peroxide, and pure water in advance. In the processing

apparatus 100, the substrate was rotated for about 2 hrs,
and at the same time, anultrasonic wave near 1 MHz was applied
to fill pores in the porous Si layer with the etchant.

5 The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. With this process, the pore walls
of the porous Si layer thinned.

Subsequently, the porous Si layer was completely

10 removed using the apparatus shown in Figs. 12A to 12C. As
) a result, a structure having a 50-um deep recessed portion
on the substrate surface was formed.

The same structure as described above could be formed
using the apparatus shown in Fig. 5, 6, or 9.

15 (Example 2')

A film of a material having a HF resistance was formed
on the surface of a single-crystal Si substrate and patterned -
to form a mask pattern having an opening. The single-crystal
Si substrate exposed in the opening portion was anodized in

20 an HF solution to form a porous layer reaching the lower
surface. Then, the mask pattern was removed. Instead of
forming a mask pattern on the single-crystal Si substrate,
the single-crystal Si substrate may be set in a holder with
which the HF solution can contact only the region where the

25 porous layer is to be formed, and subjected to anodizing.

Subsequently, a single-crystal Si layer having a
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layer of the porous region can be mai nt ai ned. ___ The present
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thickness of 1 um was formed on the surface of the substrate

as a resultant structure by epitaxial growth.
The resultant substrate was set in the processing
apparatus 100 shown inFig. 4. The wafer processing tank 110
5 of the processing apparatus 100 shown in Fig. 4 was filled
with a mixed solution (etchant) of fluoric acid, hydrogen
peroxide, and pure water in advance. In the processing
apparatus 100, the substrate was rotated for about 6 hrs,
and at the same time, an ultrasonic wave near 0.25 MHz was
10 applied to £ill pores in the porous Si layer with the etchant.

The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 2 hrs. With this process, the pore walls
of the porous Si layer thinned.

15 The ultrasonic source 131 was operated again for about
5 min to completely remove the porous Si layer. As a result,
a single-crystal Si membrane including the epitaxial layer
(single-crystal Si layer) formed on the porous Si layer was
formed. The epitaxial layer had a virtually uniform
20 thickness on the ent;ire surface.

A cantilever structure of single-crystal Si may be
formed, as shown in Fig. 2C, by partially removing the
epitaxial layer (single-crystal Si layer) in advance.

The same result as described above could be obtained

25 Dby the apparatus shown in Fig. 5, 6, or 9.

(Example 3)



VWHAT IS CLAIMED | S: 1. A porous region renmoving nethod of renoving

a porous region froma substrate having th n 5
characterized by conpri sing: the firgft H_AﬁEME[\p‘rSHE ng the
pofous region by an et chant while supplyin f){'ri"”UT"t"r e to the
et chant; t he second step of _processi g{tge_ pﬁg!gltﬁ rejgijon by the
et chant wi thout supplying any ultrasoict “wave t Ill_h zet chant®dd 10 | or while
supplying an ultrasoni c wave weaker than the “tH-t-rasani.c_wgve supplied
in the first step to the etchant; and the thir tep of
renovi ng the porous region remaining on t he SUbstTate-

A first single-crystal Si substrate was prepared. The
surface layer was anodized in a HF solution to form a porous

Si layer. The anodizing conditions were as follows.

Current density: 7 (mA/cn?)
5 Anodizing solution: HF : H,0 : C,HOH =1 : 1 : 1
Time: 11 {min)

Thickness of porous Si layer: 12 (um)
This substrate was then oxidized in an oxygen atmosphere
at 400°C for 1 hr. Upon this oxidation, the inner wall of
10 each pore of the porous Si layer was covered with a thermal
oxide film. A single-crystal Si layer having a thickness of

0.30 um was epitaxially grown on the porous Si layer by CVD

(Chemical Vapor Deposition). The growing conditions were as
follows.
15 Source gas: SiH,Cl,/H,
Gas flow rate: 0.5/180 (1/min)
Gas pressure: 80 (Torr)
Temperature: 950 (°C)
Growth rate: 0.3 (pum/min)
20 Subsequently, an SiO, layer having a thickness oﬁ:'.ZOO

nm was formed on the epitaxial Si layer by thermal oxidation.
The surface of the Si0, layer of the first substrate was
bonded to the surface of a prepared Si substrate (second
substrate) .
25 The first substrate side was removed by grinding,

polishing, or etching to expose the porous Si layer in the



2ri The nethod accordlng to claim1, characterized in that the first

Step conprises filling pores in the porous region: wl h.t.he etchant to
a deep portion. 20 3. The net hod accordi ng; b
cHaracterized in that the second step. conpji§&&s th1ﬂﬂ4ng ore wal |l s
in the porous region to not nore an a predetermlned thkckness by

an etching function. 25 4, The Tthod according 't 6* 7é1 & 3
characterized in that t he second step corrprl ses-thi.oning ther por e

walls in the i

e,
HET RSN

entire region on the second substrate.

The second substrate was set in the wafer processing
apparatus 100 shown inFig. 4. The wafer processing tank 110
of the processing apparatus shown in Fig. 4 was filled with

5 amixed solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. In the processing apparatus 100,
the second substrate was rotated for about 1.5 hrs, and at
the same time, an ultrasonic wave near 0.25 MHz was applied
to f£ill pores in the porous Si layer with the etchant.

10 The operation of the ultrasonic sourxce 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. With this process, the pore walls
of the poroﬁs Si layer thinned.

The ultrasonic source 131 was operated again for about

15 Sminto corhplet:ely remove the porous $i layer. At this tine,
"when the etchant is appropriately circulated, as shown in
Fig. 10, surface uniformity of the processed substrate
increases.

The ultrasonic wave is applied to the etchant for the

20 porousSilayer,thesubstrateisrotated,andsimultaneoésly,
the etchant is circulated to £ill the pores in the porous
layer on the substrate with the etchant. After this,
application of the ultrasonic wave is stopped, and the
substrateislefttostandforaﬁappropriatetime. With this

25 process, for each of all substrates, the pore walls in the

porous Si layer can be sufficiently thinned in the entire
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por-ous region to a thickness that allows renoval %

e i ng
_porous region at once in the third step. P @Fﬁﬁﬁﬁm@fﬁﬁkordi ng
to any one of clains 1 to 4, 5 characterized |n t ffat™the [nllu tiep
corfpri ses renoving the por ous region renaini hg on iﬁﬁ@ﬁ ate by the
et chant . 6. The net hod according to clai , charact” izec I n that
the third step conprises renoving the'ﬁﬁbrous r egi ntrepai-ping—10 fon the
substrate by the etchant while supplying the tul trasoni c wave fo t he
et chant . R

region on the surface. For this reason, the remaining porous
Si layer can be removed at once uniformly on the entire region
of each substrate.

The same result as described above could be obtained
by the apparatus shown in Fig. 5, 6, or 9.

Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave again
after application of the ultrasonic wave is stopped, the
remaining porous Si layer can be removed with high quality.
(1) The resultant structure is dipped in a mixed solution
of fluoric acid, nitric acid, and pure water for about 5 sec
to remove the porous layer.

{2) The porous Si layer is removed by polishing.

(3) The porous Si layer is removed by scrubbing.

(4) The po.rous Si layer is removed by scanning the substrate
while spraying a water jet at a pressure of, e.g., 1,000
kg/cm?.

In the step of removing the porous Si layer, the
single-crystal Si layer functioned as an etch stop layer,
so the porous Si la-lyer was selectively etched and compleg‘ély
removed.

The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
the etching rate of the non-porous Si single crystal to that
of the porous layer is 10° or more. The etching amount of

the non-porous layer (about several ten A) is allowable for



7.-> The nmethod according to claim5 or 6, characterized I n that the

first to third steps are executed while dipping the

processed in t

or ‘6, characterized in that the third step co
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he sane etchant. 8. The net
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remai ning on the substrate by a t chant™

9. The met hod according tlo jany o
ed i
practical use.

With the above process, an SOI substrate having a 0.2-um
thick single-crystal Si layer on the Si oxide filmwas formed.
The thickness of the resultant single-crystal Si layer was
measured at 100 points on the entire surface. The thickness
was 201 nmm *+ 4 nm.

The resultant structure was subjected to a heat
treatment in hydrogen at 1,100°C for 1 hr, and the surface
roughness was evaluated with an atomic force microscope. The
mean square roughness in a S-pUm square area was about 0.2
nm. This nearly equals that of a commercially available Si
wafer.

Section observation with a transmission electron
microscope revealed that no new crystal defects were formed
in the single—crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide f£ilm (SiO,) was formed not on the surface of
the epitaxial layer but on the surface of the second substrate
or on both these surfaces.

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was used
as the second substrate. In this case, however, since a slip
may be formed in the single-crystal Si layer due to some
difference in thermal expansion coefficient between silica

glass and the single-crystal Si layer, the temperature of

substrate to be
o claimbs

t he jet chant.



10+ The nethod accordlng to any one of clains 1 to 4, characterized in

that the first and/or second steps is execut ed mh1|e=ﬁﬁﬂp+ebeh s
di pping the substrate to be 5 processed in the etchan B¢ he
nmet’hod according to any one of claims 1 to 4, charad?@TTzéd'Tn“that
the third step conprises renoving the42 I

the heat treatment in hydrogen was decreased from 1,100°C to
1,000°C or less.
(Example 4)
A second substrate was subjected to two-step anodizing
S in an HF solution to form two porous layers. The anodizing
conditions were as follows.
<Anodizing of First Step>
Current density: 7 (mA/cm?)
Anodizing solution: HF : H,O : CCGHOH = 1 : 1 : 1
10 Time: 5 (min)
' Thickness of porous Si layer: 5.5 (Um)
<Anodizing of Second Step>
Current density: 30 (mA/cm?)
Anodizing solution: HF : HO : CGHOH =1 : 1 : 1
15 . Time: 110 (sec)

Thickness of porous Si layer: 3 (um)

Subsequently, this substrate was oxidized in an oxygen
atmosphere at 400°C for 1 hr. Upon this oxidation, the inner
wall of each pore of the porous Si layer was covered with

20 a thermal oxide film. A single-crystal Si layer havin% a
thickness of 0.15 Um was epitaxially grown on the porous Si
layer by CVD (Chemical Vapor Deposition). The growing
conditions were as follows.

Source gas: SiH,C1,/H,

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

Gas pressure: 80 (Torr)



10 fluid.
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per-ous regi on renmaining on the substrate by a hi gh-pressure
12. The nethod according to any one of clains 1 to 4jiEH

that the third step conprises renoving the por ous;~+8giD;
t he substrate by scrubbing. 15 13. The met hod accordlng to anZ ne of
claims 1 to 12, characterized in that in procei5|nd tihgis subggr t
whi | e supplying the ultrasonic waf®-to the etchadt, a relative
positional relationship between an ultrasonic sourcé}and T he™
I s changed. 14. The method according to claim 13, characterizgd in
t hat
Temperature: 950 (°C)
Growth rate: 0.3 (pm/min)

After that, an SiO, layer having a thickness of 100 nm
was formed on the epitaxial Si layer by thermal oxidation.
5 The surface of the Si0, layer of the first substrate was
bonded to the surface of a prepared Si substrate (second
substrate) .
The bonded substrate stack was divided into two
substrates by the porous Si layer formed at a current density
10 of 30 mA/cm® (anodizing of second step) to expose the porous
Si layer to the entire surface on the second substrate side.
To divide the bonded substrate stack, the substrates are
mechanically pulled, twisted, or pressed, a wedge is driven
into the.edge of the bonded substrate stack, the bonded
15 substrate -stack is oxidized from the end face to peel the
substrates, thermal stress is used, an ultrasonic wave is
applied, or awater jet is injected into the edge of the bonded
substrate stack.
The second substrate was set in the wafer processing
20 apparatus 100 shown inFig. 4. The wafer processing tank 110
of the processing apparatus shown in Fig. 4 was filled with
amixed solution (etchant) of fluoric acid, hydrogen peroxide,
and pure water in advance. 1In the processing apparatus 100,
the second substrate was rotated for about 1.5 hrs, and at
25 the same time, an ultrasonic wave near 0.25 MHz was applied

to f£ill pores in the porous Si layer with the etchant.
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etchant, the substrate is swng in the etchant.

accordlng to claim 13, characterized in that b b
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The operation of the ultrasonic source 131 was stopped,
and the substrate was left to stand in the wafer processing
tank 110 for about 1 hr. With this process, the pore walls
of the porous Si layer thinned.

5 The ultrasonic source 131 was operated again for about
5 min to completely remove the porous Si layer. At this time,
when the etchant is appropriately circulated, as shown in
Fig. 10, surface uniformity of the processed substrate
improves.

10 The ultrasonic wave is applied to the etchant for the
porous Si layer, the substrate is rotated, and simultaneously,
the etchant is circulated to fill the pores in the porous
layer on the substrate with the etchant. After this,
application of the ultrasonic wave is stopped, and the

15 substrate was left to stand for an appropriate time. With
this process, for each of all substrates, the pore walls in
the porous Si layer can be sufficiently thinned in the entire
region on the surface. For this reason, the remaining porous
Si layer can be removed at once uniformly on the entire region

20 of each substrate. v

The same result as described above could be obtained
by the apparatus shown in Fig. 5, 6, or 9.

Even when one of the following methods is employed
instead of the method of applying an ultrasonic wave again

25 after application of the ultrasonic wave 1s stopped, the

remaining porous Si layer can be removed with high quality.



weve to the etchant, a position of at |east one of the substrate and

the ultrasonic source is changed substantially in a direction parallel
or perpendicular to a vibration plane of the ' ve. 10

17.° The nmethod according to any one of clainms 1 tqE L CEMEW%@Q?@H zed
in that in processing the substrate by the efjc an‘t‘,“‘r‘h‘e%ﬁt’rgate S
swung or rotated. 15 18. The nethdd-accordin oiagwwr %o f fcliainms 1
to 12, - characterized in that in processing the]subSt'rat é®y ;t he
etchant, the etchant is circulated to forma flow o ehant ____ { fear the

substrate.

e —

— ]

(1) The resultant structure is dipped in a mixed solution
of fluoric acid, nitric acid, and pure water for about 5 sec
to remove the porous layer.
(2) The porous Si layer is removed by polishing.
5 (3) The porous Si layer is removed by scrubbing.
(4) The porous Si layer is removed by scanning the substrate
while spraying a water jet at a pressure of, e.g., 1,000
kg/cm?.
In the step of removing the porous Si layer, the
10 single-crystal Si layer functioned as an etch stop layer,
) so the porlous Si layer was selectively etched and completely
removed.
The etching rate of the non-porous Si single crystal
for the above etchant is very low. The selectivity ratio to
15 the etchiné rate of the non-porous Si single crystal to that
of the porous layer is 10° or more. The etching amount of
the non-porous layer (about several ten A) is allowable for
practical use.
With the above process, an SOI substrate having a 0.1-Um
20 thick single-crystal Si layer on the Si oxide filmwas foméd.
The thickness of the resultant single-crystal Si layer was
measured at 100 points on the entire surface. The thickness
was 101 nm % 3 nm.
The resultant structure was subjected to a heat
25 treatment in hydrogen at 1,100°C for 1 hr, and the surface

roughness was evaluated with an atomic force microscope. The



20 *49. The nmethod according to any one of clains 1 to 18,
characterized in that the first and second steps are.ex
dlpplng the substrate in the sanme etching tank, the
conprlses operating the ultrasonic source, and i he- ong. :
conpri ses stopping operation of the 25 ultrasonig¢ $ource ] l

- b3 - 20. The nethod accordi ndt-o any onp of ' ci ailifs 1L t¢
characterized in that the first and second steps aﬂe _execut ed i {
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mean square roughness in a 5-Um square area was about 0.2

nm. This nearly equals that of a commercially available Si
wafer.

Section observation with a transmission electron

5 microscope revealed that no new crystal defects were formed
in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide film was formed not on the surface of the

10 epitaxial layer but on the surface of the second substrate
) or on both these surfaces.

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was used
as the second substrate. However, since a slip may be formed

15 1in the single—crystal Si layer due to some difference in
thermal expansion coefficient between silica glass and the
Si layer, the temperature of the heat treatment in hydrogen
was decreased from 1,100°C to 1,000°C or less.

Section observation with a transmission electron

20 microscope indicated that no new crystal defects were fo;med
in the single-crystal Si layer, and satisfactory
crystallinity was maintained.

The same result as described above was obtained even
when the oxide film (Si0,) was formed not on the surface of

25 the epitaxial layer but on the surface of the second substrate

or on both these surfaces.



whwle dlpplng the substrate in the same etching tank, the first and

second steps conprise continuously operating the 5—uLLLaqon|c source, and
the second step conprises inserting an ul t r asofi}
bet'ween the ultrasonic source and the substrater

according to any one of clains 1 to 20,,_ 10 charazteri q“gnmghé
substrate to be processed essentlé_ry consi stjs {of Si Hgheio]
22. The et hod accordlng to any one of clains 1 tQ 20,-. .....char aft

in that the porous region essentially consists 13 of porous SI
23. The nmethod according to claim 22, characterizéd-inthat—

A satisfactory result was obtained even when a
transparent substrate of silica glass or the like was used
as the second substrate. However, since a slip may be formed
in the single-crystal Si layer due to any difference in

5 thermal expansion coefficient between silica glass and the
single-crystal Si layer, the temperature of the heat
treatment in hydrogen was decreased from 1,100°C to 1,000°C
or less.

When the porous Si layer left on the first substrate

10 side was selectively etched and subjected to a surface
treatment such as hydrogen annealing or surface polishing,
the substrate could be recycled as the first or second
substrate.
Almost the same result as described above was obtained
15 even when a porous layer with a single-layered structure was
formed by anodizing.

In the above examples, as the epitaxial growing method
of forming a single-crystal Si layer on the porous Si layer,
not only CVD but also MBE, sputtering, or liquid phase growing

20 can be used. A single-crystal compound semiconductor layer
of GaAs or InP may be epitaxially grown on the porous Si layer.
In this case, a high-frequency device such as GaAs on Si or
GaAs on Glass (Quartz) or a substrate suitable for OEIC can
be manufactured.

25 As the etchant used to selectively etch the porous Si

layer, a mixed solution of 49% fluoric acid, 30% hydrogen



the porous region is formed by anodi zing a single-crystal Si
Substrate. 20 24. The net hod accordi ngrt-6--any Qnemof clainms 1 to 23,
characterized in that as the etchant, any onémdfﬂf ay: fldoric acid,
(b) a m xed sol ution prepared by add| ng at ledst-one-of

dn’-25  al cohol and
hydr ogen peroxide to fluoric acid, 48(c) "-:buffered ‘__‘_f’I uor| ﬂc aC| d, and

peroxide and H20 is suitable. However, the following
etchants can also be used. Since the porous Si layer has a
large surface area, selective etching is easy.
(a) Fluoric acid
5 (b) Mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to fluoric acid
(c) Buffered fluoric acid
(d) Mixed solution prepared by adding at least one of an
alcohol and hydrogen peroxide to buffered fluoric acid
10 (e} Mixed solution of fluoric acid, nitrié acid, and acetic
acid.

In the above examples, to stop application of the
ultrasonic wave, the operation of the ultrasonic source is
stopped. However, use of shutters is also effective, as

15 shown in Figs. 11A and 11B.

According to the present invention, a high planarity
of the underlying layer of the porous region can be
maintained.

The present invention is not limited to the above

20 embodimentsandvariouschangesandnwdificationscanbenéde
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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(d) a n1xed solutlon prepared by addi ng at | east on alcoho
and hydrogen peroxide to buffered fluoric acid m ’"ﬂﬂmgm 25. A
'sem conduct or substrate manufacturing method

cofpri sing the steps of: form ng a porous | ayer and *at *l east one
non- por ous | ayer on a first substrate; bondi ng a second
substrate to the non-porous | ayer S|de4910 of the Jfi++st—substrat-e;

removing the first substrate fromthe bonded subst r®RECLAGEMENT f"“'
the porous |ayer on a surface of the second sybgtratesang
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expose

WHAT IS CLAIMED IS:

1. A porous region removing method of removing a porous
region from a substrate having the porous region,
5 characterized by comprising:
the first step of processing the porous region by an
etchant while supplying an ultrasonic wave to the etchant;
the second step of processing the porous region by the
etchant without supplying any ultrasonic wave to the etchant
10 or while supplying an ultrasonic wave weaker than the
ultrasonic wave supplied in the first step to the etchant;
and
the third step of removing the porous region remaining
on the substrate.
15
2. The method according to claim 1, characterized in that
the first step comprises £illing pores in the porous region

with the etchant to a deep portion.

20 3, The method according to claim 1 or 2, characterized in
that the second step comprises thinning pore walls in the
porous region to not more than a predetermined thickness by

an etching function.

25 4, The method according to ¢laim 3, characterized in that

the second step comprises thinning the pore walls in the



renDV|ng the porous_| ayer nn.the-second substrate 15 —usingany—one-of-—-the
et hods of clalnta T“TLth] SHEET:26. The method according to claim 25,
characterized in T e ?p of exposing the por 'ﬁl WEI Eﬂm”m;es
grindi ng, 11 shing,, Oka- j hiing the first substrat

surface 20 sid Lfﬁthg“fiws gulstrate of the bonded substrate stack

t her eby exp05|ng the _Ror.ous.. Iayér‘to t A®-surface of the second

substrat e. 27. The method according to claim25, characterized in
that 25 the st —expestng—t porous | ayer conprises dividing the
bonded substrate stack at the porous |ayer, thereby exposing

porous region to a thickness that allows removal of the

remaining porous region at once in the third step.

5. The method according to any one of claims 1 to 4,
5 characterized in that the third step comprises removing the

porous region remaining on the substrate by the etchant.

6. The method according to claim 5, characterized in that
the third step comprises removing the porous region remaining
10 on the substrate by the etchant while supplying the

ultrasonic wave to the etchant.

7. The method according to claim 5 or 6, characterized in
that the first to third steps are executed while dipping the

15 substrate to be processed in the same etchant.

8. The method according to claim 5 or 6, characterized in
that the third step comprises removing the porous region
remaining on the substrate by an etchant whose etching rate
20 for the porous region is higher than that of the firséfor

second etchant.

9. The method according to any one of claims 5 to 8,
characterized in that the first to third steps are executed

25 while completely dipping the substrate to be processed in

the etchant.



55< t he porous |layer on the surface of the second

.28. The nmethod according to any one of clainms 25 to 27, Uﬁ; ﬂwji
in that the ~poLous—t-ayer—i ncludes a 5 single-crystal m'f lmﬂm

29" The met Rgpmﬂmmgﬁ}{ﬁfﬂny one of claims 25 to 27, charact'er fzeli
I n that thei Srrr por-ous—t I ncl udes a - single- crystal Si |l ayer and an
Si oxide |aye 1%0” | - 51 -

10. The method according to any one of claims 1 to 4,
characterized in that the first and/or second steps is
executed while completely dipping the substrate to be

5 processed in the etchant.

11. The method according to any one of claims 1 to 4,
characterized in that the third step comprises removing the
porous region remaining on the substrate by a high-pressure

10  fluid.

12. The method according to any one of claims 1 to 4,
characterized in that the third step comprises removing the
porous region remaining on the substrate by scrubbing.
15

13. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate while
supplying the ultrasonic wave to the etchant, a relative
positional relationship between anultrasonic source and the

20 substrate is changed.

14. The method according to claim 13, characterized in that
in processing the substrate while supplying the ultrasonic

wave to the etchant, the substrate is swung in the etchant.

25

15. The method according to ¢laim 13, characterized in that



'3® The rret hoél~ accord| ng to claim28 or 29, characterized in that the

:singl e-crystal taxially grown on ; ~ENE NoTgus—Hayes on
the first sub iﬁglltﬂﬂ i"“ EIEHII The nethod accordi ng ‘tg 'dr e Stikeliai ms 25
tg"27, cterr ze hat the non-porous |ayer includés a1

si ngl e-cryst aI conpound sem conductor |ayer. 1329 'th;ai,xme;*lg%df
according to any one of clains 25 to 33° 20 charactierized I n thal }he
second substrate essentially consi sts of an Sij meteri-at—-— 33.
The nethod according to any one of clainms 25 to 32, characterized in

that the second substrate has an Si oxi de

in processing the substrate while supplying the ultrasonic

wave to the etchant, the substrate is rotated.

16. The method according to claim 13, characterized in that
5 1in processing the substrate while supplying the ultrasonic
wave to the etchant, a position of at least one of the
substrate and the ultrasonic source is changed substantially
in a directionparallel or perpendicular to a vibrationplane
of the ultrasonic wave.
10
17. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate by the

etchant, the substrate is swung or rotated.

15 18. The method according to any one of claims 1 to 12,
characterized in that in processing the substrate by the
etchant, the etchant is circulated to form a flow of etchant

near the substrate.

20 19. The method according to any one of claims 1 to 1‘6,
characterized in that the first and second steps are executed
while dipping the substrate in the same etching tank, the
first step comprises operating the ultrasonic source, and
the second step comprises stopping operation of the

25 ultrasonic source.



25 Iayer on a surface to be bonded to the first subst+ate—-—_—_

.- 56- 34. The nmethod according to any one of claims 25 to 31,
characterized i rath@t, @Hsubst rate conpri ses“m" mwm

substrat e. 5 PO oustregi onr enovi ngappar at f' g ous
region froma SLbs}trate havi ng L he porqus region, ¢hatacters z

conpri si ng: '- i { IR Sy jj@rie ecufcng the first step of processing the
: {

O

20. The method according to any one of claims 1 to 18,
characterized in that the first and second steps are executed
while dipping the substrate in the same etcﬁing tank, the
first and second steps comprise continuously operating the
5 ultrasonic source, and the second step comprises inserting
an ultrasonic shielding plate between the ultrasonic source

and the substrate.

21. The method according to any one of claims 1 to 20,
10 characterized in that the substrate to be processed

essentially consists of single-crystal Si.

22. The method according to any one of claims 1 to 20,
characterized in that the porous region essentially consists

15 of porous Si.

23. The method according to claim 22, characterized in that
the porous region is formed by anodizing a single-crystal
Si substrate.
20
24. The method according to any one of claims 1 to 23,
characterized in that as the etchant, any one of
(a) fluoric acid,
(b) a mixed solution prepared by adding at least one of an
25 alcohol and hydrogen peroxide to fluoric acid,

(c) buffered fluoric acid, and



prous reglon by an etchant while supplying an ultrasonic

10 wave to the

.etthant; means for executing the second step of proceSS|ng t he
porous region by the etchant w thout supplying any ulj] ﬁ SO~ —wave to
t hé etchant or whi | e—supptytng—am ul trasonic mave fﬁ@ﬁhsupbp'

ultrasonic wave supplied in the first step to tHe [eTChamt aﬁd
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(d) a mixed solution prepared by adding at least one of an

alcohol and hydrogen peroxide to buffered fluoric acid

is used.

25. A semiconductor substrate manufacturing method
characterized by comprising the steps of:

forming a porous layer and at least one non-porous layer
on a first substrate;

bonding a second substrate to the non-porous layer side
of the first substrate;

removing the first substrate from the bonded substrate
stack to expose the porous layer on a surface of the second
substrate; and

removing the porous layer on the second substrate

using any one of the methods of claims 1 to 24.

26. The method according to claim 25, characterized in that
the step of exposing the porous layer comprises grinding,
polishing, or etching the first substrate from a back surface
side of the first substrate of the bonded substrate st;ck,

thereby exposing the porous layer to the surface of the second

substrate.

27. The method according to c¢laim 25, characterized in that
the step of exposing the porous layer comprises dividing the

bonded substrate stack at the porous layer, thereby exposing

|
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the porous layer on the surface of the second substrate.

28. The method according to any one of claims 25 to 27,
characterized in that the non-porous layer includes a

single-crystal Si laver.

29. The method according to any one of claims 25 to 27,
characterized in that the non-porous layer includes a

single-crystal Si layer and an Si oxide layer.

30. The method according to claim 28 or 29, characterized
in that the single-crystal Si layer is epitaxially grown on

the porous layer on the first substrate.

31. The method according to any one of claims 25 to 27,

characterized in that the non-porous layer includes a

single-crystal compound semiconductor layer.

32. The method according to any one of claims 25 to 31,
characterized in that the second substrate essentiallf'

consists of an Si material.

33. The method according to any one of claims 25 to 32,
characterized in that the second substrate has an Si oxide

layer on a surface to be bonded to the first substrate.



10

15

e

- 56 - t 1 MAR 1993

34. The method according to any one of claims 25 to 31,
characterized in that the second substrate comprises a

transparent substrate.

35. A porous region removing apparatus for removing a porous
region from a substrate having the porous region,
characterized by comprising:

means for executing the first step of processing the
porous region by an etchant while supplying an.ultrasonic
wave to the etchant;

meané for executing the second step of processing the
porous region by the etchant without supplying any ultrasonic
wave to the etchant or while supplying an ultrasonic wave
weaker than the ultrasonic wave supplied in the first step
to the etchant; and

means for executing the third step of removing the

porous region remaining on the substrate.
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POROUS REGION REMOVING METHOD AND
'SEMICONDUCTOR SUBSTRATE MANUFACTURING METHOD

ABSTRACT OF THE DISCLOSURE

This invention is to ensure a high planarity of an
underlying layer after a porous layer is removed. A
5 substrate to be processed is dipped in an etchant. In the
first step, pores in the porous Si layer are filled with the
etchant by supplying anultrasonic wave. In the second step,
supply of the ultrasonic wave is stopped, and the pore walls
are thinned by the etching function. In the third step, the
10 ultrasonic wave is supplied again to break the porous layer
at once. |

Figure 1



