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TITLE OF THE INVENTION
\SAMPLE SEPARATING APPARATUS AND METHOD, AND

SUBSTRATE MANUFACTURING METHOD{\//
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

‘The present invention relates to a sample
separating apparatus and method, and a substrate
manufacturing method and, for example, to an apparatus
and method of separating a plate-like sample having an
internal fragile layver at the fragile layer, a sample
support apparatus used in the separating apparatus, and
a substrate manufacturing method using the separating

apparatus.

DESCRIPTION OF THE RELATED ART

A substrate (SOI substrate) having an SOI (Silicon
On Insulator) structure is known as a substrate having a
single-crystal Si layer on an insulating layer. .A device
using this SOI substrate has many advantages that cannot
be achieved by ordinary Si substrates. Examples of the
advantages are as follows.

(1) The integration degree can be increased
because dielectric isolation is easy.

(2) The radiation resistance can be increased.
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(3) The operating speed of the device can be
increased because the stray capacitance is small.

(4) No well step is necessary.

(5) Latch-up can be prevented. S

5 (6) A completely depleted field-effect transistor
cah be formed by thin film formation.

Since an SOI structure has the above ﬁarious
advantages, researches have been made on its formation
method for several decades.

10 As one SOI technology, an SOS (Silicon On Sapphire)
technology by which Si is heteroepitaxially grown on a
single-crystal sapphire substrate by CVD (Chemical Vapor
Deposition) has been known for a long time. This SOS‘
technology was once recognized as the most matured SOI

15 technology. However, the SOS technology has not been put
into practical use to date because, e.g., a large amount
of crystal defects are produced by lattice mismatch in
the interface between the Si layer and the underlying
sapphire substrate, aluminum that forms the sapphire

20 substrate mixes in the Si layer, the substrate is
expensive, and it is_difficult to obtain a large area.

) Various SOI technology appeared following the SOS
technology. For these SOI technologies, wvarious methods
have been examined aiming at reducing crystal defects or

25 manufacturing cost. There are a method of implanting

.oxygen ions into a substrate to form a buried oxide
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layer, a method of bonding two wafers via an oxide film
and polishing or etching one of the.wafers to leave a
thin single-crystal Si layer on the oxide fiim, and a
method of implanting hydrogen ions to a predetermined
depth from the surface of an Si substrate having an
oxide film, bonding the Si substrate to the other
substrate, and peeling the latter substrate (the other
substrate) by a heat treatment while leaving a thin
single-crystal Si layer on the oxide film.

The present applicant has disclosed a new SOI
technology in Japanese Patent Laid-Open No. 5-21338. 1In
this technology, a first substrate obtained by forming a
non-porous single-crystal layer (including a
single-crystal Si layer) on a single-crystal
seniconductor substrate having a_pbrous layer is bonded
to a second substrate via an ihsulating layer (SiO,), and
the two substrates are separated from the porous layer
to transfer the non-porous single-crystal layer to the
second substrate. This technology is advantageous in
that the SOI layer has high film thickness uniformity,
the crystal defect density in the SOI layer can be
decreased, the SOI layver has high surface planarity, no
expensive special fabricétion apparatus is necessary,
and SOI substrates having SOI films about a few hundred

to 10 um thick can be fabricated by the same

fabrication apparatus. ———

B ————
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In addition, the present applicant has disclosed
another technology in Japanese Patent Laid-Open No.
7-302889 in which, after the first and second substrates
described above are bonded, the first substrate.is-
separated from the second substrate without breaking,
and the separated first substrate is reused by
smoothening the surface and again forming a porous
layer. Since the first substrate can be economically
used, this technology has the advantages that the
fabrication cost can be largely reduced and the
fabrication process is also simple.

In the above technologies,-however, when the two
bonaed substrates ére separated it is necessary to
prevent damages to the substrates and protect the
fabrication apparatus and the like from co@tamination

caused by the generation of particles.

SUMMARY OF THE INVENTION

The present invention has been made in
consideration of the above situation, and has as its
object to provide a separating apparatus and method
suitable to separate a sample such as a substrate, a
sample support apparatus used in.this sepérating
apparatus, and a substrate manufacturing method using
the separating apparatus.

According to the present invention, there is
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provided a separating apparatus for separating a
plate-like sample having an internal fragile layer at
the fragile layer, characterized by comprising a jet
unit for ejecting a fluid to the sample, and a pair of
5 holding portions opposing each other to sandwich and
hold the sample, wherein the pair of holding portions
hold the sample to allow the_sample to expand at a
vicinity of a central portion due to a pressure of the
fluid ejected from the jet unit and injected into the
10 sample.

According to the present invention, there is also
provided a separating apparatus for separating a
plate-like sample having an internal fragile layer at
the fragile layer, characterized by comprising a jet

15 unit for ejecting a fluid to the sample, and a pair of
holding portions opposing each other to sandwich and
hold the sample, wherein the pair of holding portions
hold the sample which can corrugate due to a pressure of
.the fluid ejected from the jet unit and injected into

20 the sample.

In the separating apparatus, preferably, at least
one of the pair of holding portions has a hollow contact
portion, and the sample is held by bringing the contact
portion into contact with the sample. The contact

25 portion may comprise a multiple of contact portions.

In the separating apparatus, preferably, at least
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one of the pair of holding portions has an annular
contact portion, and the sample is held by bringing the
contact portion into contact with the sample. The
contact portion may comprise a multiplé of contact-
portions. _

In the separating apparatus, preferably, at least
one.of the pair of holding portions has one or a
plurality of stripe-shaped contact portions, and the
sample is held by bringing the contact portion into
contact with the sample.

In the separating apparatus, preferably, at least
one of the pair of holding portions has one or a
plurality of arcuated contact portions, and the sample .
is held by bringing the contact portion into contact
with the sampiel

In the separating apparatus, preferably, at least
one of the pair of holding portions has one or a
plurality of projecting contact portions on a main body
surface, and the sample is held by bringing the contact
portion into contact with the sample.

In the separating apparatus, preferably, at least
one of the pair of holding portions has a radial contact
portion, and the sample is held by bringing the contact
portion into contact with the sample.

In the separating apparatus, preferably, at least

one of the pair of holding portions has a contact-

Sheet Has Been Replaced

THIS SHEET HAS BEEN | T e H“‘I“ ll““ “\l m “‘\

REPLACED




10

15

20

25

pqrtion which comes inté contact with a peripheral
portion of the sample, and the sample is held by
bringing the contact portion into contact with the
sample; Preferably, the contact portion can contact the
whole peripheral portion of the sample.

The separating apparatus preferably further

comprises a rotary mechanism for fotating the holding

portion about a shaft perpendiculaf to a surface of the
sample.

The separating apparatus preferably further
comprises an adjustment mechanism for adjusting an
interval between the pair of holding portions.

In the separating apparatus, preferably, in
separating the sample by the fluid, the adjustment
mechanism presses the sample to adjust the interval
between the pair of holding portions.

In the separating apparatus, preferably, in
separating the sample by the f£luid, the adjﬁstment
mechanism maintains a substantially constant interval
between the pair of holding portions.

In the separating apparatus, preferably, each of

the pair of holding portions has a chuck mechanism for

'vacuum—chucking the sample.

The separating apparatus is suitable for processing
of separating a substrate having a porous layer as the

fragile layer.
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According to the present invention, there is also
provided a support apparatus for supporting a sample,
which is used in a separating apparatus for separating a
plate-like sample having an internal fragile layer-at
the fragile layer, characterized by comprising a pair of
holding portions opposing each other to sandwich and
hold the sample, wherein the pair of holding portions
hold the sample to allow the sample to expand at a
vicinity of a central portion due to a pressure of a
fluid ejected from a jet unit arranged in the separating
apparatus and injected into the sample.

According to the present invention, there is also
provided a support apparatus for supporting a sample,
which is used in a separating apparatus for separating a
plate-like sample having an internal fragile layer at
the fragile layer, characterized by comprising a pair of
holding portions opposing each other to sandwich and
hold the sample, wherein the pair of holding portions
hold the sample to allow the sample to corrugate due to
a pressure of a fluid ejected from a jet unit arranged
in the separating apparatus and injected ihto the
sample.

In the support apparatus, preferably, at least one
of the pair of holding portions has a hollow contact
portion, and the sample is held by bringing the contact

portion into contact with the sample. The contact
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portion may comprisé a multiple of contact portions.

In the support apparatus,_preferably, at least one
of the pair of holding portions has an annular contact
portion, and the sample is held by bringing the -contact

5 portion into contact with the sample. The contact
portion may comprise a multiple of contact portions.

In the support apparatus, preferably, at least one
of the pair of holding portions has one or a plurality
of stripe-shaped contact portions, and the sample is

10 held by bringing the contact portion into contact with
the sample.

In the support apparatus, preferably, at least one
of the pair of holding portions has one or a plurality
of arcuated contact portions, and the sample is held by

15 bringing the contact portion into contact with the
sample.

In the support apparatus, preferably, at least one
of the pair of holding portions has one or a plurality
of projecting contact portions on a main body surface,

20 and the sample is held by bringing the contact portion
into contact with the sample.

In the support apparatus, preferably, at least one
of the pair of holding'portions has a radial contact
portion, and the sample is held by bringing the contact

25 ©portion into contact with the sample.

In the support apparatus, preferably, at least one

This Sheet Has Been Replaced

-9 =
TS SHEE S B | AR

REPLACED




of the pair of holding portions has a contact portion
which comes into contact with a peripheral portion of
the sample, and the sample is held by bringing the
contact portion into contact with the sample.

9 Preferably, the contact portion can contact the whole
peripheral portion of the sample.

The support apparatus preferably further comprises
a rotary mechanism for rotating the holding portion
about a shaft perpendicular to a surface of the sample.

10 The support apparatus preferably further comprises
an adjustmént mechanism for adjusting an interval
between the pair of holding portions.

In the support apparatus, preferably, in separating
the sample by the fluid{ the adjustment mechanism

15 presses the sample to adjust the interval between the
pair of holding portions.

In the support apparatus, preferably, in separating
the sample by the fluid, the adjustment mechanism
maintains a'substantially constant interval between the

20 pair of holding portioﬁs.

In the support apparatus, preferably, each of the
*pai:_of holding portions has a chuck mechanism for
vacuum-chucking the sample.

The support apparatus is suitable as a support

25 apparatus for supporting a. substrate having a porous

layer as the fragile layer during separation processing.
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According to the present invention, there is also
provided a sample separating method characterized by
comprising separating a sample having a fragile layer
using the above separating apparatus. |

5 In the separating method, preferably, water is used
as the fluid to be ejected.from the jet unit.

According to the present invention, there is also
provided a separating method of separating a substrate
at a porous layer, the substrate being formed by bonding

10 a non-porous layer sidg of a first substrate, in which
the porous layer and the non-porous layer are
sequentially formed on one surface, to a second
substrate, characterized in that the above separating
apparatus is used for separation.

15 According to the present invention, there is also
provided a substrate manufacturing method characterized
by'comprising the step of bonding a non-porous layer
side of a first substrate, in which a porous laver and
the non-porous layer are sequentially formed on one

20 surface, to a second §ubstrate, and separating the
bonded substrates at the porous layer, wherein the above
separating apparatus is used in the separation step.

According to the present invention, there is also
provided a separating apparatus for separating a

25 plate-like sample having an internal fragile layer at

the fragile layer, characterized by comprising a jet
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unit for ejecting a fluid to the sample, and a pair of
holding portions opposing each other to sandwich and
hold the sample, wherein the pair of holding portions
allow the sample to warp as the sample is divided into
two parts by a pressure of the fluid ejected from the -
jet unit and injected into the sample and simultaneously
limit a warp amount.

In the separating apparatus, preferably, at least
one of the pair of holding portions has a smooth convex
support surface, and the sample is held by the support
surface.

In the separating apparatus, the support surface
preferably substantially comprises part of a spherical
surface.

In the separating apparatus, the support surface
preferably comprises a surface formed by a cone with a
convex vertex.

In the separating apparatus, the support surface
preferably substantially comprises a surface formed by a
frustum of a cone.

In the separating apparatus, the support surface
preferably comprises a smooth convex surface formed by a
stack of several frustums.

In the separating apparatus, the support surface

preferably comprises a convex surface formed by a stack

of several columns.
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In

the separating apparatus, at least one of the

pair of holding portions preferably includes an elastic

member and deforms due to a force inflicted by the

sample.

In the separating apparatus, preferably, at least

one of the holding portions has a support portion

partially consisting of an elastic material, and the

sample is held by the support portion.

In
holding
portion

In
holding
portion

In
holding

coupled

the separating apparatus, at least one of the

portions preferably has an elastic member at a

which can contact the sample.

the separating apparatus, at least one of the

portions preferably has an annular support

consisting of an elastic member.

the separating apparatus, at least one of the

portions preferably has a support portion

to a main body via an elastic member.

The separating apparatus preferably further

comprises a rotary mechanism for rotating the holding

portion about a shaft perpendicular to a surface of the

sample.

The separating apparatus preferably further

comprises an adjustment mechanism for adjusting an

interval between the pair of holding portions.

In

the separating apparatus, preferably,

in

separating the sample by the fluid, the adjustment
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mechanism presses the sample to adjust the interval
between the pair of holding portions.

In the separating apparatus{ preferably, in
separating the sample by the fluid, the adjustment-
mechanism maintains a substantially constant intérval
between the pair of holding portions.

In the separating apparatus, each of the pair of
holding portions preferably has a chuck mechanism for
vacuum-chucking the sample.

The separating apparatus is suitable for processing
of separating a substrate having a porous layer as the
fragile layer.

According to the present invention, there is also
provided a support apparatus for supporting a sample,
which is used in a separating apparatus for separating a
plate-like sample having arn internal fragile layer at
the fragile layer, characterized by comprising a pair of
holding portions for sandwiching and holding the sample;
wherein the pair of holding portions allow the sample to
warp as the sample.is divided into two parts by a
pressure of the fluid ejected from a jet unit arranged
in the separating apparatus and injected into the sample
and simultaneously limit a warp amount.

In the support apparatus, preferably, at least one
of the pair of holding portions has a smooth convex

support surface, and the sample is held by the support
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surface.

In the support apparatus, the support surface
preferably substantially comprises part of a spherical
surface. o

5 In the support apparatus, the support surface
preferably comprises a surface formed by a cone with a
convex vertex.

In the sﬁpport apparatus,.the support surface
preferably substantially comprises a surface formed by a

10 frustum of a cone.

In the support apparatus, the support surface
preferably comprises a smooth convex surface formed by a
stack of several frustums.

In the support apparatus, the support surface

15 preferably comprises a convex surface formed by a stack
of several columns.

In the support apparatus, at least one of the pair
of holding-portions preferably includes an elastic
member and deforms due to é force inflicted by the

20 sample.

In the support apparatus, preferably, at least one
of the holding portions has a support portion partially
consisting of an elastic material, and the sample is
held by the support portion.

25 In the support apparatus, at least one of the

holding portions preferably has an elastic member at a

———————
———
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portion which can contact the sample.

In the support apparatus, at least one of the
holding portions preferably has an_annular support
portion consisting of an elastic member.

5 In the support apparatus, at least one of the
holding portions preferably has a support portion
coupled to a main body via an elastic member.

The support apparatus preferably further comprises
a rotary mechanism for rotating the holding portion

10 about a shaft perpendicular to a surface of the sample.

.The support apparatus preferably further comprises
an adjustment mechanism for adjusting an interval -
between the pair of holding portions.

In the support apparatus, preferably, in separating

15 the sample by the fluid, the adjustment mechanism
presses the sample to adjust the interval between the
pair of holding portions.

In the support apparatus, preferably, in separating
the sample by the fluid, the adjustment mechanism

20 maintains a substantially constant interval between the
pair of holding portions.

Iq the support apparatus, each of the pair of
holding portions preferably has a chuck mechanism for
vacuum-chucking the sample.

25 The support apparatus is suitable as a support

apparatus for supporting a substrate having a porous
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layer as the fragile layer during separation processing.

According to the present invention, there is also
provided a sample separating method characterized by
comprising separating a sample having a.fragile-layér
using the %bove separating apparatus.

In the separating method, water is preferably used
as the fluid to be ejected from the jet unit.

According to the present invention, there is also
provided a separating method of separating a substrate
at a porous laver, the substrate being formed by bonding
a non-porous layer side of a first substrate, in which
the porous layer and the non-porous layer are
sequentially formed on one surface, to a second
substrate, characterized in that the above separating
apparatus is used for separation.

According to the present invention, there is also
provided a substrate manufacturing method characterized
by comprising the step of bonding a non-porous layer
side of a first substrate,-in which a porous layer and
thé non-porous layer are sequentially formed on one
surface, to a second substrate, and separating the
bonded substrates at the porous layer, wherein the above
separating apparatus is used in the separation step.

The present invention has been made in
consideration of the above situation, and has as its
object to provide a separating apparatus and method

—
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suitable to separate a plate-like sample represented by
a substrate such as a bonded substrate stack, and a
substrate manufacturing method to which the apparatus or
method is applied. _ -

According to the present invention, there is
provided a separating apparatus for separating a
plate-like sample, characterized by comprising a jet
unit for ejecting a fluid for separating the sample to
the sample, and first and second holding portions for
sandwiching and holding the sample, wherein the first
and second holding portions have holding surfaces with
different shapes.

In the separating apparatus, preferably, the first
holding portion holds one surface of the sample to make
a deflection amount of the one surface due to a pressure
of the fluid injected into the sample relatively small,
and the second holding portion holds the other surface
of the sample to make a deflection amount of the other
surface due to the pressure of the fluid relatively
large.

In the separating.apparatus, preferably, the first
holdigg portion holds one surface of the sample not to
cause the one surface to deflect due to a preséure of

the fluid injected into the sample, and the second

holding portion holds the other surface of the sample to

cause the other surface to deflect due to the pressure
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of the fluid.

In the separating apparatus, the holding surface of
the first holding portion and the holding surface of the
second holding portion preferably have.different areas.

In the separating apparatus, preferably, the first
holding portion has a holding surface for wholly holding
one surface of the sample, and the second holding
portion has a holding surface for partially holding the
other surface of the sample.

In the separating apparatus, the holding surface of
the first holding portion preferably comprises a flat
surface.

In the separating apparatus, the holding surface of
the first holding portion preferably comprises a curved
surface. |

In the separating apparatus, the holding surface.of
the second holding portion is preferably annular.

In the separating apparatus, preferably, the second
holding portion has a plurality of projecting members,
and the sample is held by tips of the plurality of
projecting members.

In the separating apparatus, the second holding
portion preferably has a shape allowing the sample to
deflect while expanding at a central portion on a side
of the second holding portion due to the pressure of the

fluid injected into the sample.
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In the separating apparatus, the second holding
portion preferably has a shape allpwing the sample to
deflect and corrugate on a side of the second holding
portion due to the pressure of the fluid injected into
the sample.

The separating apparatus preferably further
comprises a rotary mechanism for rotating at least one
of the first and second holding portions about a shaft
perpendicular to the holding surface to rotate the
sample.

In the separating apparatus, preferably, the sample
to be processed comprises a substrate formed by bonding
first and second substrates, and the first and second
substrates have different strengthé.

According to the.present invention, there is also
provided a separating method of separating a plate-like
sample, characterized by comprising holding the sample
by sandwiching the sample by a paif of holding portions
having holding surfaces with different shapes, and
ejecting a fluid to a predetérmined position in a
direction of thickness of the sample, thereby separating
the sample.

In the separating method, preferably, the sample to
be separated has an internal fragile layer, and in
separating the sample, the fluid is ejected to the

fragile layer.
S —

Sheet Has Been Replaced

o i
THIS SHEET HAS BEEN
REPLAGED

0




According to the present invention, theré is also
provided a separating method of separating a plate-like
sample having an internal fragile layer at the fragile
layer, éharacterized by comprising the separation step

5 of ejecting a fluid to the fragile layer of the sample
to separate the sample, wherein in‘the separation step,
one surface of the sample is held to make a deflection
amount due to a pressure of the fluid injected into the
sample relatively small and the other surface of the

10 sample is held to make a deflection amount due to the
pressure of the fluid injected into the sample
relatively large.

According to the present invention, the;e is also
provided a separating method of separating a plate-like

15 sample having an internal fragile layer at the fragile
layer, characterized by comprising the separation step
of ejecting a fluid to the fragile layer of the sample

- to separate the sample, wherein in.the separation step,

one surface of the sample is held to limit deflection

20 due to a pressure of the fluid injected into the sample
and the other surface of the sample is held to allow
deflection due to the pressure of the fluid injected -
into the sample.

The separating method preferably further comprises

25 rotating the sample about a shaft perpendicular to a

major surface of the sample in separating the sample by
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the fluid.

In the separating method, preferably, the sample to
be processed comprises a sample formed by bonding first
and second substrates, and the first and second = -

5 substrates have different strengths.

According to the present invention, there is also
provided a separating method of separating a composite
substrate which has a fragile layer between a first
substrate having a relatively low strength and a second

10- substrate having a relatively high strength, at the
fragile layer, characterized by comprising the
separation step of ejecting a fluid to the fragile layer
to separate the composite substrate, wherein in the
separation step, the first substrate is held to make a

15 deflection amount due to a pressure of the fluid
injected into the composite substrate relatively small
and the second substrate is held to make a deflection
amount due to the pressure of the fluid injected into
the cbmposite substrate relatively large.

20 According to the present invention, there is also
provided a separating method-of separating a composite
substrate which has a fragile layer between a first
substrate having a relatively low strength and a second
substrate having a relatively high strength, at the

25 fragile layer, characterized by comprising the

separation step of ejecting a fluid to the fragile layer
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to separate the composite substrate, wherein in the
separation step, the first substrate is held to limit
deflection due to a pressure of the fluid injected into
the composite substrate and the second substrate is held
to allow deflection due to the pressure of the fluid
injected into the composite substrate.

According to the present invention, there is also
provided a substrate manufacturing method characterized
by comprising the step of bonding a non-porous layer
side of a first substrate, in which a porous layer and
the non-porous layer are sequentially formed on one
surface, to a second substrate, and separating the
bonded substrates at the porous layér, wherein any one
of the above separating apparatuses is used in the
separaﬁion step.

According to the present invention, there is also
provided a substrate manufacturing method characterized
by comprising bonding a non-porous layer side of a first
substrate, in which a porous layer and the non-porous
layer are sequentially formed on one surface, to a
second substrate, and separating the bonded substrates
at the porous layer, wherein the separation step is
executed using any one of the above methods.

According to the present invention, there is also
provided a holding apparatus for holding a sample in

ejecting a fluid to a predetermined position in a
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direction of thickness of the sample to separate the
sample, characterized in that the sample is held by a
pair of holding portions whose holding surfaces for
holding the sample have different shapes. -
Further objects, features and advantages of the
present invention will become apparent from the
following detailed description of embodiments of the
present invention with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1lE are views for explaining a method of
manufacturing an SOI substrate according to the first
embodiment of the presenf invention;

Fig. 2 is a view showing the schematic arrangement
of a separating apparatus according to the first
embodiment of the present invention;

Fig. 3 is a perspective view of substrate holding
portions according to the first example of the first
embodiment;

Fig. 4 is a front view of the substrate holding
portion according to the firét example of the first
embodiment ;

Fig. 5 is a sectional view of the substrate holding
portions according to the first example of the first

embodiment ;
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Fig. 6 is a view showing a modification of the
substrate holding portion according to the first example
of the first embodiment;

Fig. 7 is a view showing another modification of

5 the substrate holding portion according to the first
example of the first embodiment;

Fig. 8 is a view showing still another modification
of the substrate holding portion according to the first
example of the first embodiment;

10 Fig. 9 is a view shoWing still another modification
of the substrate holding portion aécording to the first
example of the first embodiment;

Fig. 10 is a front view of a substrate holding
portion according to the second example of the first

15 embodiment;

Fig. 11 is a sectional view of the substrate
holding portions according to the second example of the
first embodiment;

Fig. 12 is a perspective view of substrate holding

20 portions according to the third example of the first
embodiment ;

Fig. 13 is a perspective view showing a
modification of the substrate holding portions according
to the third example of the first embodiment;

25 Fig. 14 is a perspective view of substrate holding

portions according ‘to the fourth example of the first
R
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embodiment;

Fig. 15 is a perspective view showing a
modification of the substrate holding portioﬁs according
to the fourth example of the first embodiment; - -

Fig. 16 is a perspective view of substrate holding
portions according to the fifth example of the first
embodiment;

Fig. 17 is a front view of the substrate holding
portion according to the fifth example of the first
embodiment;

Fig. 18 is a perspective view of substrate holding
portions according to the sixth example of the first
embodiment;

| Fig. 19 is a front view of the substrate holding
portion according to the sixth exaﬁple of the first
embodiment ; |

Fig. 20 is a perspective view showing a
modification of the substrate holding portions according
to the sixth example of the first embodiment;

Fig. 21 is a perspective view showing another
modification of the substrate holding portions according
to the sixth example of the first embodiment;

. Fig. 22 is a perspective view showing still another
modification of the substrate holding portions according
to the sixth example of the first embodiment;

Fig. 23 is a perspective view showing still another

—
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modification of the substrate holding portions according
to the sixth example of the first embodiment;

Fig. 24 is a perspective view showing still another
modification of the substrate holding portions according

5 to the sixth example of the first embodiment;.

Fig. 25 is a sectional view of substrate holdiﬁg
portions according to the seventh example of the first
embodiment;

Fig. 26 is a sectional view of the substrate

10 holding portions according to the seventh example of the
first embodiment;

Figs. 27A and 27B afe views showing a force acting
on a bonded substrate stack in the presence and absence
of a V-shaped groove;

15 Fig. 28 1is a.view showing the schematic arrangement
of a separating apparatus according to the second
embodiment of the present invention;

Fig. 29 is a perspective view of substrate holding
portions according to the first exémple of the second

20 embodiment;

Fig. 30 is a sectional view of the substrate
holding portions according to the first example of the
second embodiment;

Fig. 31 is a sectional.view of the suﬁstrate

25 holding portions according to the first ekample of the

second embodiment;
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Fig. 32 is a sectional view showing a modification
of the substrate holding portions according to the first
example of the second embodiment;

Fig. 33 is a sectional view showing another

5 modification of the substrate holding portions according
to the first example of the second embodimént;

Fig. 34 is a sectional view showing still another
modification of the substrate holding portions according
to the first example of the second embodiment;

10 Fig. 35 is a sectional view showing still another
modification of the substrate holding portions according
to the first example of the second embodiment;

Fig. 36 is a sectional view showing a modification
of substrate holding portions according to the second

15 example of the second embodiment;

Fig. 37 is a sectional view showinq another
modification of the substrate holding portions according
to the second example of the second embodiment;

Fig. 38 is a sectional view showing still another

20 modification of the substrate holding portions according
to the second example of the second embodiment;

Fig. 39 is a sectional view showing still another
modificatioﬁ of the substrate holding portions according
to the second example of the second embodiment;

25 Fig. 40 is a sectional view showing still another

modification of the substrate holding portions according

Sheet Has Been Replaced

s ST 7 e |||I|I|||I|I|l|\||||\l|||

REPLACED




to the second example of the second embodiment;

Figs. 41A to 41E are views showing for explaining
another method of manufacturing an SOI substrate
according to the preferred embodiment of the present

5 invention;

Fig. 42 is a view showing the schematic arrangement
of a separating apparatus according to the third
embodiment of the present invention;

Fig. 43 is a perspective view of part of the

10 separating apparatus shown in Fig. 42;

Fig. 44 is a view échematically showing separation
processing;

Fig. 45 is a view showing the schematic arrangement
of a separating apparatus of the first modification;

15 Fig. 46 is a view showing the schematic arrangement
of substrate holding portions of a separating apparatus
‘of the second modification;

Fig. 47 is a view showing the schematic arrangement

of a substrate holding portion (on the first substrate
20 side) of the third modification; and

Fig. 48 is a view showing the schematic arrangement

of the other substrate holding portion {on the second .

substrate side) of the third modification.

25 - DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
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be described below with reference to the accompanying
drawings. |

Figs. 1A to 1E are views for explaining a method of
manufacturing.an SOI substrate according to a preferred
embodiment of the present invention.

Referring to Fig. 1A, a single-crystal Si substrate
11 is prepared, and a porous Si layer 12 is formed on
the surface of the single-crystal Si substrate 11 by
anodizing. Referring to Fig. 1B, a non-porous
single-crystal Si layer 13 is. epitaxially grown on the
porous Si layer 12. With this process, a first substrate
10 is formed.

Referring to Fig. 1C, a second substrate 20 having
an insulating layer (e.g., an Si0O, layer) 15 formed on
the surface of a sihgle—crystal Si substrate 14 is
prepared. The first substrate 10 and the second
substrate 20 are brought into contact with each other at
room temperature such that the non-porous single-crystal
Si layer 13 opposes the insulating layer 15. After this,
the firét substrate 10 and the second substrate 20 are
bonded by anode bonding, pressing, heating, or a
combination thereof. With this process, the non-porous
single—crystalisi 1ayer”l3 and the insulating layer 15
are firmly bonded. The insulating layer 15 may be formed
on the single-crystal Si substrate 14 side, as described

above, on the non-porous single-crystal Si layer 13 as
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will be described later, or on both the single-crystal
Si substrate 14 and the non-porous single-crustal Si
layer 13 sides as far as the state shown in Fig. 1C is
obtained by bringing the first and second substrates

5 into contact.

Referring to Fig. 1D, the two substrates bonded to
each other are separated at the porous Si layer 12. The
second substrate side (10" + 20) has a multilayered
structure of a porous Si layer 12", single-crystal Si

10 layer 13, insulating layer 15, and single-crystal Si
substrate 14. On the first substrate side (10‘'), a
porous Si layer 12' is formed on the single-crystal Si
substrate il.

After separation, the remaining porous Si layer 12

15 is removed from the substrate 10'. The surface of the
substrate 10' is planarized, as needed, so the substrate
10*' is used again as a single-crystal Si substrate 11
for forming a first substrate 10.

After the bonded substrate stack is separated, in

20 Fig. 1E, the porous laver 12" on the second substrate
side (10" + 20) is selectively removed. With this
process, a substrate having a multilayered structure of
the single-crystal Si layer 13, insulating layer 15, and
single-crystal Si substrate 14, i.e., an SOI structure

25 is obtained.

Figs. 41A to 41E are views for explaining another
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method of manufacturing an SOI substrate according to
the preferred embodiment of the present invention.

Referring to Fig. 41A, a single-crystal Si
substrate 11 is prepared, and a porous Si layer-12 is
formed on the surface of the single-crystal Si substrate’
11 by anodizing. Referring to Fig. 41B, a single-crystal
Si layer 13 as a non-porous layer is epitaxially grown
on the porous Si layer 12. After this, the surface of
the single-crystal Si layer 13 is oxidized to form an
Sibz layer 15. With this process, a first substrate 10
is formed.

Referring to Fig. 41C, a single-crystal Si
substrgte 14 is prepared as a second substrate 20. The
first substrate 10 and the second substrate 20 are
brought into contact with each other at room temperature
such that the $i0, layer 15 of the first substrate 10
opposes the second substrate 20. The first substrate 10
and the second substrate 20 are bonded by anode bonding,
pressing, heating, or a combination thereof. With this
process, the sécond substrate 20 and the Si0O, layer 15
are firmly bonded. The SiO, layer 15 may be formed on
the single-crystal Si substrate 11 side, on the second
substrate 20, as deécribed above, or on both the
single-crystal Si substrate.ll and the second substrate
20 sides as far as the state shown in Fig. 41C is

obtained by bringing the first and second substrates

———
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into contact.

Referring to Fig. 41D, the two substrates bonded to
each other are separated at the porous Si layer 12. The
second substrate side has a multilayered structure of a
porous Si layer 12", single-crystal Si layer 13, sio,
layer 15, and single—cryétal Si substrate 14.. On the
first substrate 10' side, the porous Si layer 12' is
formed on the single-crystal Si substrate 11.

After separation, the remaining porous Si layer 12
is removed from the substrate 10'. The surface of the
substrate 10' is planarized, as needed, so the substrate
10*' is used again as a single-crystal Si substrate 11
for forming a first substrate 10.

After the bonded substrate stack is separated, in
Fig. 41E, the porous layer 12" on the second substrate
side (10" + 20) is selectively removed. With this
process, a substrate having a multilayered structure of
the single-crystal Si layer 13, insulating layer 15, and
single-crystal Si substrate 14, i.e., an SOI structure
is obtéined.

As the second substrate, in addition to a
single~crystal Si substrate, én insﬁlating substrate
(e.g., a substrate of silica glass) or a transparent
substrate (e.g., a substrate of silica glass) can be
used.

In this embodiment, to facilitate processing of
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bonding two substrates and sepérating them, a porous Si
layer 12 having a fragile structure is formed in the
separation region. In place of the porous layer, a
microcavity layer may be formed. A microcavity layer can

5 be formed by, e.g., implanting ions into a semiconductor
substrate.

The substrate manﬁfactured by the above
manufacturing method can be appliéd ﬁot only to
manufacture a semiconductor device but also to

10 manufacture a microstructure.

In this embodiment, in the step shown in Fig. 1D or
41D, i.e., in the step of separating the two substrates
bonded to each other (to be referred to as a bonded
.substrate stack hereinafter), a separating apparatus for

15 selectively ejecting a high-pressure liquid or gas
(fluid) to the porous Si layer as a separation region is
used to separaté the substrate stack into two substrates
at the separation region.

[First Embodiment]

20 [Basic Arrangement of Separating Apparatus]

This separating apparatus uses the water jet
method. Generally, the water jet method ejects a
high-speed, high-pressure stream of water (when a hard
object is to be cut, an abrasive is added to water) upon

25 an object to, e.g., cut or process a ceramic, a metal, a

concrete, a resin, a rubber, or a wood member, remove a

[ ———
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coating film froﬁ the surface, or clean the surface
("Water Jet*, Vol. 1, No. 1, page 4, (1984)).
Conventionally, the water jet method is used to perform
the above-described cutting, procéssing, remove a -

5 coating film, or clean the surface'mainly by partially
removing the material.

This separating apparatus ejects a high-speed,
high-pressure stream of fluid to the porous layer
(separation region) of the bonded substrate stack as a

10 fragile structure portion in the direction of substrate
surface to selectively break the porous laver, thereby
separating the substrate at the porous layer. The stream
will be referred to as a "jet" hereinafter. The fluid
forming a jet will be referred to as a "jet medium“. As

15 the jet medium, it is possible to use an organic solvent
such as water or alcochol, an acid such'as fluoric acid
or nitric acid, an alkali such as potassium hydroxide, a
gas such as air, nitfogen gas, carbonic acid gas, rare
gas, or an etching gas, or a plasma.

20 When this separating apparatus is to be applied to
manufacture a semiconductor device, e.g., separate a
bonded substrate stack, pure water with minimum impurity
metals or particles is preferably used as the jet’
medium. However, since separation processing is a’

25 perfect low-temperature process, water with high purity

need not always be used as the jet medium, and the

N
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substrate may be cleaned after completion of separation
processing.

In this separating apparatus, a jet is ejected to
the porous layer (separation région) exposed to the side
surface of the bonded substrate stack, thereby removing
the pofous layer from the peripheral portion to the
central portion. With this process, the bonded substrate
stack is separated into two substfates by removing only
the separation region with low mechaniéal strehgth
without damaging the main body. Even when the side
surface of the bonded substrate stack is covered with
some thin layer, and the porous layer is not exposed,
the thin layer can be removed by the jet, so the bonded
substrate stack can be separated by the above-described
method.

To separate the bonded substrate stack only by the
cutting force of jet, a high pressure of several
thousand kgf/cm® or more must be applied to the jet
medium. In this case, the outer peripheral portion of
the bonded substrate stack may be damaged, or the
internal pressure of the separation region may increase
to break the bonded substrate stack.

To avoid this situation, the pressure to be applied
to the jet medium is preferably set to be as low as
about 500 kgf/cm’. When such a low-pressure jet is

employed, the bonded substrate stack is separated by

—
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injecting the jet medium into the bonded substrate stack
to expand and split it into two substrates rather than
by.colliding the jet against the porous layer to cut the
porous layer by'impact. Therefore, offcut is rarely
produced, and damages to substrates decrease. 1In
addition, the jet medium need contain no abrasive.

At the peripheral poftion of the bonded substrate
stack, the effect for splitting the bonded substrate
stack into two substrates effectively acts when a
V-shaped {(concave) groove is formed in the bonded
substrate stack along the side surface. Figs. 27A and
27B are views showing a force acting on the bonded
substrate stack in the presence and absence of a
V-shaped groove. Fig. 27A shows a bqnded substrate stack
having a V-shaped groove 22. Fig. 27B shows a bonded
substrate stack having no V-shaped groove.

As shown in Fig. 27A, in the bonded substrate stack
having the V-shaped groove 22, a force (to be referred
to as a separation force hereinafter) is applied outward
from the center of the bonded substrate stack, as

indicated by an arrow 23. On the other hand, as shown in

Fig. 27B, in the bonded substrate stack with a convex

side surface, a force is applied inward from the side
surface of the bonded substrate stack, as indicated by
an arrow 24. In the bonded substrate stack having a

convex side surface, the separation force does not act
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unless the side surface of the porous layer 12 as the
separation region is removed by a jet 21.

Even when a thin film is formed on the side surface
of the bonded substrate stack, the separation force acts
on the bonded substrate stack as far as the bonded
subst:ate stack has the V-shaped groove 22, as shown in
Fig. 277, so the thin layer can be éasily broken.

To prevent damages to the substrates, the
separation force in the axial direction of the bonded
substrate stack is preferably set to be several hundred
gf/cm®.

To effectively use the jet, a width Wl of the
V-shaped groove 22 is preferably equal to or.larger than
a diameter d of the jet 21. For example, assume that
each of the first substrate (10) and the second
substrate (20) has a thickness of about 1 mm, and the
bonded substrate stack has a thickness of about 2 mm.
Since the width Wl of the V-shaped groove 22 is normally

around 1 mm, the diameter of the jet is preferably 1 mm

"or less. Since a general water jet apparatus uses a jet

with a diameter of approximately 0.1 to 0.5 mm, such a
general water jet apparatus (e.g., a water jet nozzle)
can be used.

The nozzle for ejecting a jet can have not only a
circular shape but any other shapes. For example, wﬁen a

slit-like nozzle is employed to eject a jet having a
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long rectangular section, the jet can be efficiently
injected into the separation region (inserted between
the two substrates).
The jet ejection conditions are determined- in

5 accordance with the type of separation region (e.g., a
porous layer) or the shape of the side surface of the
bonded substrate stack. Important parameters as the jet
ejection conditions are the pressure applied to the jet
medium, the jet scanning speed, the width or diameter of

10 the nozzle (the mozzle diameter is almost the same as
the jet diameter), the nozzle shape, the distance
between the nozzle and the separation region, and the
flow rate of the jet medium.

| The following techniques are used to separate the

15 bonded substrate stack. 1) The jet is injected into the
bonding interface parallel to the bondiﬁg interface
while the nozzle is scanned along the bonding interface.
2) The jet is injected into the bonding interface
parallel to the bonding inﬁerface while the bonded

20 substrate stack is scanned. 3) The jet is injected into
the bonding interface parallel to the bonding interface
and simultaneously scanne@lin é fan shape at a pivot
near the nozzle. ‘4) The jet is injected into the
bonding interface parallel to the bonding interface

25 while_the bonded substrate stack is rotated about nearly

the center of the bonded substrate stack (this technigue
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is particularly effective when the bonded substrate
stack has a disk shape). The jet need not alWays be
ejected to be perfectly parallel to the bonding
interface.

5 Fig. 2 is a view showing the schematic arrangement
of a separating apparatus according to the first
embodiment of the present invention. To separate a
bonded substrate stack by é low-pressure jet, a
separating apparatus 100 supports the bonded substrate

10 stack such that the sepération force efficiently acts on
the bonded substrate stack. As a specific example, the
separating apparatus 100 supports a bonded substrate
stack such that the bonded substrate stack can expand at
its central portion by the pressure of the jet medium

15 injected into the bonded substrate stack. As énother
example, the separating apparatus 100 supports a bonded
substrate stack such that the bonded substrate stack can
corrugate by the pressure of the jet medium injected
into the bonded substrate stack.

20 The separating apparatus 100 has substrate holding
portions 120 and 150 having vacuum chuck mechanisms. A
bonded substrate stack 101 is sandwiched by the
substrate holding portions 120 and 150 and held. The
bonded substrate stack 101 has a porous layer 10lb as an

25 internal fragile structure and is separated into two

substrates 10la and 101lc at the porous layer 101b by the
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separating aéparatus 100. In this separating apparatus
100, the bonded substrate stack is set such that the
substrate 10la is placed on the first substrate (10')
side in Fig. 1D or 41D and the substrate 10lc is placed

5 on the second substrate (10" + 20) side in Fig. 1D or
41D.

The substrate holding portions 120 and 150 are
present on the same rotary axis. The substrate holding
portion 120 is coupled to one end of a rotary shaft 104

10 which is rotatably axially supported by a-support base
109 through a bearing 108. The other end of the rotary
shaft 104 is coupled to the rotary shaft of a motor 110.
The rotational force generated by the motor 110 rotates
the bonded substrate stack 101 vacuum-chucked by the

15 substrate holding portion 120. In separating the bonded
substrate stack 101, the motor 110 rotates the rotary
shaft 104 at a designated rotation speed in accordance
with an instruction from a controller (not shown).

The substrate holding portion 150 is coupled Eo one

20 end of a rotary shaft 103 which is rotatably and
slidably axially supported by the support base 109
through a bearing 111. The other end of theﬂrotary shaft
103 is Coﬁpled to an air cylinder 112 fixed on the
support base 109. When the air cylinder 112 pushes the

25 rotary shaft 103, the bonded substrate stack 101 is

pressed by the substrate holding portion 150.
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The substrate holding'portions 120 and 150 can be
detached from the rotary shafts 104 and 103,
respectively. The substrate holding portiénsflzo and 150
have one or a plurality of suction holes 181 and 182 as

5 wacuum chuck mechanism, respectively. The suction holes
181 and 182 communicate with rotary-seal portions 104a
and 103a through the rotary shafts 104 and 103,
respectively. The rotary seal portions 104a and 103a are
coupled to vacuum lines 104b and 103b, respectively.

10 These vacuum lines 104b and 103b have solenoid valves.
By controlling the solenoid valves, setting/removal of
the bonded substrate stack 101 can be controlled.

The substrate holding portions 120 and 150 hold the
bonded substrate stack 101 such that the separation

15 force efficiently acts on the bonded substrate stack 101
in separation processing. Specific arrangements of the
substrate holding portions 120 and 150 will be described
later.

Substrate sepération processing using this

20 separating apparatus 100 will be described below.

To set the bonded substrate stack 101 in the
separating apparatus 100, first, the rotary shaft 103 is
retracted by the air cylinder 112 to set a predetermined
interval between the chucking surfaces of the substrate

25 Tholding portions 120 and 150. After the bonded substrate

stack 101 is mounted on an alignment shaft 113, the air
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_cyliﬁder 112 pushes the rotary shaft 103, so the bonded

substrate stack 101 is pressed and_held {the state shown

in Fig. 2). The alignment shaft 113 is rotatably axially

supported by the support base 109 through bearings 105

5 and 107.

In this embodiment, the bonded substrate stack 101

is held not by vacuum chucking but by the pressing force

of the air cylinder 112.

preferably about 100 to 2000gf.

The pressing force is

The bonded substrate

'10 stack 101 may be vacuum-chucked, as a matter of course.

In separation processing,

the air cylinder 112 is

preferably controlled to maintain a predetermined

interval between the substrate holding portions 120 and

A jet medium (e.g., water) is sent from a pump 114

to a nozzle 102, and processing wailts until the jet

ejected from the nozzle 102 stabilizes. When the jet

stabilizes, a shutter 106 is opened to inject the jet

into the separation region of the bonded substrate stack

rotated by the motor 110.

At this time, the bonded substrate stack 101 is

The rotary shaft 104,

substrate holding portion 120, bonded substrate stack

substrate holding portion 150, and rotary shaft 103

integrally rotate.

150.
15
20 101.
101,
25

When the jet is injected, a separation force due to

- the pressure of the jet medium continuously injected.
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into the porous layer 10lb as a fragile structure écts

on the bonded substrate stack.101 to break the porous

layer 101b which connects the substrates 10la and 10lc.

With this processing, the bonded substrate stack 101 is
5 separated into two substrates in about 2 min.

When the bonded substrate stack 101 is separated
into two substrates, the shutter 106 is closed, and the
operation of pump 114 is stopped. By stopping rotation
of the motor 110 and controlling the above-described

10 electromagnetic valves, the separated substrates are
vacuum-chucked by the substrate holding portions 120 and
150.

When the air cylinder 112 retracts the rotary shaft

103, the surface tension of the jet medium (e.g., water)
15 is cut off to split the two physically separated
substrates to both sides.

When the separation force is to efficiently act on
the bonded substrate stack 101, the structure of the
.substrate holding portions 120 and 150 must be

20 optimized. In this embodiment, the separation force is
efficiently used by ensuring a space in which the bonded
substrate s;ack deflects in separation processing.
Preferable arrangements of substrate holding portions
will be listed below. In the following examples, the

25 substrate holding portions 120 and 150 have a

symmetrical structure. However, the substrate holding
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portions 120 and 150 may have independent structurés.
[First Example of Substrate Holding Portion]

Figs. 3 to 5 are views showing the arrangement of
substrate holding portions according to the first ~
example of the preéent invention. Fig. 3 is a
perspective view, Fig. 4 is a front view, and Fig. 5 is:
a sectional view. Substrate holding portions 121 and 151
shown in Figs. 3 to 5 are examples of the substrate
holding portions 120 and 150 shown in Fig. 2,
respectively.

The substrate holding portions 121 and 151 of the
first example have annular contact portions 12la and
151a which come into contact with the bonded substrate
stack 101. With this structure, the bonded substrate
stack 101 can deflect having "nodes" at a portion
sandwiched by the contact portions 12la and 15la and
"antinodes" near the central and peripheral portions of
the bonded substrate stack 101. In other words, the
substrate holding portions 121 and 151 have a structure
in which the central portion of the bonded substrate

stack 101 can expand in separation processing or a

structure in which the bonded substrate stack 101 can -

corrugate in separation processing. When the substrate
holding portions 121 and 151 having this structure are
employed, the separation force can efficiently act

inside the bonded substrate stack 101.
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Wwith the use of the substrate holding portions 121
and 151, separation progresses from the side surface
portion of the bonded substrate stack 101 to the
vicinity of the contact portions 12la and 15la in about
30 sec after the start of jet injection into the bonded
substrate stack 101 (separation proéessing). In about 2
min after the start of separation processing, the bonded
substrate stack 101 warps outward at its central portion
to form "antinodes" and is completely separated.

The outer diameter of each of the contact portions
121a and 15l1a is preferably, e.g., 30 to 50 mm. The
inner diameter of each of the contact portions 12l1a and
151a can be smaller than the outer diameter by, e.g.,
approximately 10 mm. However, for easy deflectibn of the
substrate stack to be separated, the inner diameter of
each of the contact portions 12la and 15la is preferably
close to the outer diameter.

Any other substrate holding portion can provide the

" same effect as described above as far as it allows the

bonded substrate stack 101 to deflect forming “"nodes"
and "antinodes". Figs. 6 to 9 are froqt views showing
modificationé of the substrate holding portion..according
to the first example. Reference numerals 122a, 152a,
123a, 153a, 124a, 154a, 125a, and 155a denote contact
portions at which the substrate holding portions are in

contact with the bonded substrate stack 101. Figs. 6 to

i
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8 show examples of a contact portion having a polygonal
shape with a hollow center. Fig. 9 shows an example of
contact portion whose center is éhifted from the center
of the bonded substrate stack 101. These are examples of
a stripe-shaped contact portion. |

[Second Example of Substrate Holding Portion]

Fig. 10 and 11 are views shoﬁing the arrangement of
substrate holding portiéns according to the second
example of the present invention. Fig. 10 is a front
view, and Fig; 11 is a sectional view. Substrate holding
portions 126 and 156 shown in Figs. 10 and 11 are
examples of the substrate holding portions 120 and 150
shown in Fig. 2, respectively.

The substrate holding portion 126 of this example
has two annular contact portions 126a and 126b which
come into contact with the bonded substrate stack 101.
The substrate holding portion 156 has two annular
contact portions 156a and 156b which come into contact
with the bonded substrate stack 101. The substrate
holding portions 126 and 156 of this example are
particularly suitable to process a substrate stack with
a large size (e.g., -8 inches or more).

With these substrate holding portions 126 and 156,
the bonded substrate stack 101 can deflect having
'nodes" at a circumferential portion sandwiched by the

contact portions 126a and 1l56a and a portion sandwiched
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by the contact portions 126b and 156b, and “antinodes"
near the intermediate portion between the contact
portions and the peripheral portion of the bonded
substrate stack 101.

5 ' When the substrate holding portions 126 and 156
having a structure in which the bonded substrate stack
101 deflects while corrugating or expanding near_the
central portioﬁ are employed, the separation force can
efficiently act inside the bonded substrate stack 101.

10 With the use of the substrate holding portions 126
and 156, separation progresses from the side surface of
the bonded substrate stack 101 to the vicinity of the
outer contact portions 126a and 156a in about 30 sec
after the start of jet injection into the bonded

15 substrate stack 101 (separation processing). In about 30
sec after this, the bonded substrate stack 101 is
separated to the outer contact portions 126b and 156b.

In about 3 min after the start of separation processing,
the bonded substrate stack 101 warps to form "nodes" and

20 r"antinodes" and is completely separated.

The widths of the contact portions (diameter
difference) can be érbitrarily determined. However, for
easy deflection of the substrate stack to be separated,
the width of each contact portion is preferably small.

25 In this example, two sets of contact portions are

formed. However, three or more sets of contact portions
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may be arranged.
[Third Example of Substrate Holding Portion]

Fig. 12 is a perspective view showing the
arrangement of substrate holding portions according to

the third example of the present invention. Substrate

'holding portions 127 and 157 shown in Fig. 12 are

examples of the substrate holding portions.lzo and 150
shown in Fig. 2, respectively.

The substrate holding portions 127 and 157 of this
example have a plurality of contact portions 127a and
157a which come into contact with the bonded substrate
stack 101, respectively. Stated differently, this
structure has annular contact portions 12la and 15l1a of
the first example with grooves 127b and 157b which
divide the contact portions 12la and 15la, respectively.

The grooves 127b and 157b prevent the separation
force from excessively ééting in the vicinity of the
central portion of the bonded substrate stack 101. More
specifically, when the grooves 127b and 157b are formed,
the jet medium injected into the central portion of the
bonded substrate stack 101 can be_appropriately
discharged, so the jet medium pressure can be prevented:-
from excessively increasing near the vicinity of the
central portion. Therefore, the bonded substrate stack
101 can be prevented from breaking because of a portion

of the porous layer, where the mechanical strength is

This Sheet Has Been Replaced

"THIS SHEET HAS BEEN - 49 - l l"m
REPLACED :

M




10

15

20

25

locally high and separation progresses slowly.

With the use of the substrate holding portions 127
and 157, separation progresses from the side surface of
the bonded substrate stack 101 to the vicinity of the
contact portions 127a and 157a in about 30 sec after the
start of jet injection into the bénded substrate stack
101 (separation processing). In about 2 min after the
start of separation processing, the bonded substrate
stack 101 warps outward at its central portion to form
"antinodes" and is completely separated.

Fig. 13 is a perspective view showing a
modification of the substrate holding portions shown in
Fig. 12. Substrate holding portions 128 and 158 shown in
Fig. 13 are examples of the substréte holding portions
120 and 150 shown in Fig. 2, respectively.

The substrate holding portion 128 of this

‘modification has a plurality of columnar contact

portions 128a forming a circle on a main body 128b. The
substrate holding portion 158 has the same arrangement
as that of the substrate holding portion 128. With the
substrate holding portions 128 and 158 as well, the jet
medium pressure can be prevented from excessively
increasing inside the bonded substrate stack 101, so the
bonded substrate stack 101 can be prevented from
breaking.

[Fourth Example of Substrate Holding Portion]
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Fig. 14 is a perspective view showing the
arrangement of substrate holding portions accordiﬁg to
the fourth example of the present invention. Substrate
holding portions 129 and 159 shown in Fig. 14 are -~

5 examples of the substrate holding portions 120 and 150
shown.in Fig. 2, respectively.

The substrate holding. portion 129 of this example
has two types of arcuated contact portions 129%9a and 129c¢
which come into contact with the bonded substratehstack

10 101. To put it differently, the structure has the
annular contact portions 126a and 126b of the second
example with grooves 128b and 1284 which divide the
contact portions 126a and 126b, respectively. The
substrate holding portion 159 has the same arrangement

15 as that of the substrate holding portion 129.

With the use of the substrate holding portions 129
and 159, separation progresses from the side surface of
the bonded substrate stack 101 tb the vicinity of the
outer contact portion 129a in about 30 sec after the

20 start of jét ipjection into the bonded substrate stack
101 (separation processing). In about 30 sec after this,
the bonded substrate stack 101 is separated to the
vicinity of the inner contact portion 129c. In about 3
min after the start of separation processing, the bonded

25 substrate stack 101 is completely separated while

corrugating to form "nodes" and "antinodes".
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By forming grooves 129b and 1294 in the arcuated
contact portions 129a and 129c, respectively (this also
applies to the substrate holding portion .159), the jet
medium pressure can be prevented from excessivély'
increasing inside the bonded substrate stack 10l1. Hence,

the bonded substrate stack 101 can be prevented from

breaking because of a portion of the porous layer, where

the mechanical strength is locally high and separation
progresses slowly.

Fig. 15 is a perspective view showing a
modification of the substrate holding portions shown in
Fig. 1l4. Substrate holding portions 130 and 160 shown in
Fig. 15 are examples of the substrate holding portions
120 and 150 shown in Fig. 2, respectively.

The substrate holding portion 130 of this
modification has a plurality of columnar contact
portions 130a forming double circles on a main body
130b. The substrate holding portion 160 has the .same
arrangement as that of the substrate holding portion
130. With the substrate holding portions 130 and 160 as
well, the jet medium pressure can be prevented from
excessively increasing inside the bonded substrate stack
101, so the bonded substrate stack 101 éan be prevented
from breaking.

[Fifth Example of Substrate Holding Portion]

Figs. 16 and 17 are views showing the arrangement
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of substrate holding portions according to the fifth
example of the present invention. Fig. 16 is a
perspective view, and Fig. 17 is a front view. Substrate
holding portions 131 and 161 shown in Figs. 16 and 17

5 are examples of the éubstrate holding portions 120 and
150 shown in Fig. 2, respectively.

The substrate holding portions 131 and 161 of this
modification has a plurality of columnar contact
portions 13la and 16la on main bodies 131b and 161b,

10 respectively. With the substfate.hdlding_portions 131
and 161, the bonded substrate stack 101 can deflect and
corrugate having "nodes" at é pbrtion sandwiched by the
contact portions 131la and 16la, so the separation force
can efficiently act inside the bonded substrate stack

15 101. In addition, since the jet medium discharge path is
ensured, the jet medium pressure can be prevented from
excessively increasing inside the bonded substrate stack
101. As a consequence, the bonded substrate stack 101
can be prevented from breaking because of a portion of

20 the porous layer, where the mechanical strength-is
locally high and separation progresses slowly.

With the use of the substrate holding portieons- 131
and 161, the bonded substrate stack 101 is completely
separated in about 2 min after the start of jet

25 injection into the bonded substrate stack 101

(separation processing).
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[Sixth Example of Substrate Holding Portion]

Figs. .18 and 19 are views showing the arrangement
of substrate holding portions according to the sixth
example of the_present invention. Fig. 18 is a’
perspective view, and Fig. 19 is a front view. Substrate
holding portions 132 and 162 shown in Figs. 18 and 19
are examples of the substrate holding portions 120 and
150 shown in Fig. 2, respectively.

The substrate holding portions 132 and 162 of this
example have cross-shaped (radial) contact portions 132a
and 162a which come into contact with the bonded
substrate stack 101, on main bodies 132b and 162b,
respectively. With the substrate holding portions 132
and 162, the bonded substrate stack 101 can deflect and
corrugate forming "nodes" at a portion sandwiched by the
contact portions 132a and 162a, so the separation force
efficiently acts on the bonded substrate stack 101. 1In
addition, since the jet medium discharge path is
ensured, the jet medium pressure can be prevented from
excessively increasing inside the bonded substrate stack
101. Therefore, the bonded substrate stack 101 can be
prevented from breaking because of a portion of the
porous layer, where the mechanical strength is locally
high and separation progresses slowly.

With the use of the substrate holding portions 132

and 162, the bonded substrate stack 101 is completely
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separated in about 80 sec aféer the start of jet
injection into the bonded substrate stack 101
.(sepération processing).
Figs. 20 to 24 are'perspective views showing
5 modifications'of the substrate holding portions shown in
Fig. 19. These substrate holding portions are examples
of the substrate holding portions 120 and 150 shown in
Fig. 2. |
Substrate holding portions 133 and 163 shown in
10 Fig. 20 have star-shaped contact portions 133a and 163a
which come into contact with the bonded substrate stack
101, on main bodies 133b and 163b, respectively.
Substrate holding portions 134 and 164 shown in Fig. 21
also have star-shaped contact portions 134a and 164a
15 which come into contact with the bonded substrate stack
101, on main bodies 134b and 164b,.respectively.
Substrate holding portions 135 and 165 shown in Fig. 22
have, on main bodies 135b and 165b, contact portions
.135a and 165a which come into contact with the bonded
20 substrate stack 101, respectively. Each of the contact
portions 135a and 165a is separated into four parts at
ips central portion and form a cross. A subsﬁrate
holding portion 136 shown in Fig. 23 has columnar
contact portions 136a which come into contact with the
25 Dbonded substrate stack 101, on a main body 136b. A

substrate holding portion 166 has the same arrangement
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as that of the substrate holding portion 136. Substrate
holding portions 137 and 167 shown in Fig. 24 have
radial contact portions 137a and 167a which come into
contact with the bonded substrate stack 101, on main
bodies 137b and 167b, respectively. |

[Seventh Example of Substrate Holding Portion]

Figs. 25 and 26 are segtional views showing the
arrangemént of substrate holding portions according to
the seventh example of the present invention. Fig. 25
shows a state before the bonded substrate stack 101 is
separated. Fig. 26 shows a state after the bonded
substrate stack 101 is separated. Substrate holding
portibns 138 and 168 shown in Figs. 25 and 26 are
examples of the substrate holding pertions 120 and 150
shown in Fig. 2, fespectively.

. The substrate holding portions 138 and 168 of this
example have, as contact portions to the bonded
substrate stack 101, contact portions 138a and 168a
which come into contact with the peripheral portions of
the bonded substrate stack 101, respectively. With the
substrate holding portions 138 and 168, the bonded
substrate stack 101 can deflect while expanding at its
central portion having "nodes" at a portion sandwiched
by the contact ?ortions 138a and 168a and "antinodes"
near the central portion of the bonded substrate stack

101, so the separation force can efficiently act on the
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bénded substrate stack 101.

The substrate holding portions 138 and 168 have, at
their central portions, limit portions 137b and 167b for
limiting the deflection amount of the bonded substrate

5+ stack 101. Since the deflection amounts of the separated
substrates are limited by the limit portions.137b and
167b, the substrates can be prevented from breaking.

In the first.to sixth examples, the surface of the
main body of each substrate holding portion can also

10 function as a deflection ambunt limit portion. In each
example, the projection height of the contact portion to
the bonded substrate stack is determined in accordance
with the diameter and thickness of the bonded substrate
stack and the jet medium pressure.

15 The above separating apparatus can be used to
separate not only a semiconductor substrate such as a
bonded substrate stack but also various samples.

According to the preferred embodiment of the
present invention, the efficiency of separation

20 processing can be increased while preventing damages to
the sample to be separaﬁed.

In additionh_aqcording to the preferred embodiment
of the present invention, a satisfactory substrate can
be manufactured.

25 [Second Embodiment]

Fig. 28 is a view showing the schematic arrangement
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of a separating apparatus according to the second
enbodiment of the present invention. In a separating
apparatus 1000, the separation force is efficiently
applied to a bonded substrate stack to separate theé
bonded substrate stack using a 1ow¥pressure jet. At the
same time, the bonded substrate stack is supported to
prevent the bonded subs;rate stack from breaking due to
the separation force. More specifically, the separating
apparatus 1000 supports the bonded substrate stack while
allowing it to warp due to the pressure of the jet
medium injected into the bonded substrate stack, and
also limiting the warp amount.

The separating apparatus 1000 has substrate holding
portions 1120 and 1150 having vacuum chuck mechanisms. A
bonded substrate stack 101 is sandwiched by the
substrate hélding portions 1120 and 1150 and held. The
bonded substrate stack 101 has a porous layer 101b as.an
internal fragile structure and is separated into two

substrates 10la and 101lc at the porous layer 101lb by the

. separating apparatus 1000. In this separating apparatus

1000, the bonded substrate stack is set such that the
substrate 10la is placed on the first substrate .(101). ......
side in Fig. 1D or 41D and the substrate 10l1lc is placed
on the second substrate (10" + 20) side in Fig. 1D or
41D.

The substrate holding portions 1120 and 1150 are
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present on the same rotary axis. The substrate holding
portion 1120 is coupled to one end of a rotary shaft 104
which is rotatably axially supported by a support base
109 through a bearing 108. The other end of the rdtary
shaft 104 is coupled to the rotary shaft of a motor 110.
The rotational force generated by the motor 110 rotates
the bonded substrate stack 101 vacuum—chuckéd by the
substrate holding portion 1120. In separating the bonded
substrate stack 101, the motor 110'rotates the rotary
shaft 104 at a designated rotation speed in accordance
with an instruction from a controller (not shown).

The substrate holding portion 1150 is coupled to
one end of a rotary shaft 103 which is rotatably and
slidably axially supported by the support base 109
through a bearing 111. The other end of the rotary shaft
103 is coupled to an éir cylinder 112 fixed on the
support base 109. When the air cylinder 112 pushes the
rotary shaft 103, the bonded substrate stack 101 is
pressed by the substrate holding portion 1150.

The substrate holding portions 1120 and 1150 can be
detached from the rotary shafts 104 and 103,
reépectively. The substrate thding portions 1120 and
1150 have one or a plurality of-suction portions (e.qg.,
annular grooves) 1181 and 1182 as vacuum chuck
mechanisms, respectively. The suction portions 1181 and

1182 communicate with rotary seal'portions 104a and 103a
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through the rotary shafts 104 and 103, respectively. The
rotary seal portions 104a and 103a are coupled to vacuum
lines 104b and 103b, respectively. These vacuum lines
- 104b and 103b have solenoid valves. By controlling the
5 solenoid valves, setting/removal of the bonded substrate
stack 101 can be controlled.

The substrate holding portions 1120 and 1150 hold
the bonded substrate stack 101 such that the separation
force efficiently acts on the bonded substrate stack 101

10  in separation processing. Specific arrangements of the
substrate holding portions 1120 and 1150 will be
described later.

Substrate separation processing using this
separating apparatus 1000 will be described below.

15 To set the bonded substrate stack 101 in the
separating apparatus 1000, first, the rotary shaft 103
is retracted by the air cylinder 112 to set a
predetermined interval between the chucking surfaces of
the substrate holding portions 1120 and 1150. After the

20 bonded substrate stack 101 is mounted on an alignment
shaft 113, the air cylinder 112 pushes the rotary shaft
103, so the bonded substrate stack 101 is pressed and
held (the state shown in Fig. 28). The alignment shaft
113 is rotatably axially supported by the support base

25 109 through bearings 105 and 107.

In this embodiment, the bonded substrate stack 101
i
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is held not by vacuum chucking but by the pressing force
of the air cylinder 112. The pressing force is
preferably about 100 to 2000gf. The bonded substrate
stack 101 may be vacuum-chucked, as a matter of -course.
In seﬁaration processing, the air cylinder 112 is
preferably controlled to maintain a predetermined
interval between the substrate holding portions 1120 and
1150. |

A jet medium (e.g., water) is sent from a pump 114
to a nozzle 102, and processing waits until the jet
ejected from the nozzle 102 stabilizes. When the jet
stabilizes, a shutter 106 is opened to inject the jet
into the separation region of the bonded substrate stack
101. At this time, the bonded substrate stack 101 is
rotated by the motor 110. The rotary shaft 104,
substrate holding portion 1120, bonded substrate stack
101, substrate holding portion 1150, and rotary shaft
103 integrally rotate.

When the jet is injected, a separation force due to
the pressure of the jet medium continuously injected
into the porous layer 101b as a fragile structure acts
on the bonded substrate stack 101 to break the porous
layer 101b which connects the substrates 10la and 10lc.
With this processing, the bonded substrate stack 101 is
separated into two substrates in about 2 min.

When the bonded substrate stack 101 is separated

This Sheet Has Been R eplaced

S ST S o T

REPLACED




into two substrates, the shutter 106 is closed, and the
operation of pump 114 is stopped. By stopping rotation
of the motor 110 and controlling the above-described
electromagnetic valves, the separated substrates are

5 +wacuum-chucked by the substrate holding portions 1120
and 1150.

When the air cylinder 112 retracts the rotary shaft
'103, the surface tension of the jet medium (e.g., water)
is cut off to split the two physically separated

10 substrates to both sides.

When the separation force is to efficiently act on
the bonded substrate stack 101 while preventing the
bonded substrate stack 101 from breaking, the structure
of the substrate holding portions 1120 and 1150 must be

15 obtimized. In this embodiment, the separation force is
efficiently applied by ensuring a space in which the
bonded substrate stack warps in separation processing,
ana simultaneously, the warp amount is limited to
prevent the bonded substrate stack 101 from breaking.

20 Preferable arrangements of thg substrate holding
portions will be listed below. In the following
examples, a pair of substrate holding portions that
6bpose each other have a symmetrical structure. However,
the substrate holding portions may have independent

25 structures.

[First Example of Substrate Holding Portion]
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Figs. 29 to 31 are views showing the arrangement of
the substrate holding portions 1120 and 1150 according
to the first example of the second embodiment of the
present invention. Fig. 29 is a perspective view, Fig.
30 is a sectional view showing a state before separation
processing, and Fig. 31 is a sectional view showing a
state during separation processing.

The substrate holding portions 1120 and 1150 of
this example have convex support surfaces 1120a and
1150a each formed from part of a spherical surface. The
support surfaces 1120a and 1150a support the bonded
substrate stack 101 while allowing it to warp and also
limit excessive warp of the bonded substrate stack 101
in separation processing. A warp amount h is preferably
set to be around 0.1 to 0.5 mm.

With the use of the separating apparatus 1000
having the substrate holding portions 1120 and 1150,
separation progress from the side surface of the bonded
substrate stack 101 to the vicinity of the center of the
support surfaces 1120a and 1150a in about 30 sec after
the start of jet injection into the bonded substrate
stack 101 (separation processing). Two portions
separated from the bonded substrate stack 101 are
pressed against the support surfaces 1120a and 1150a by
the pressure (separation force) of the jet medium

injected into the bonded substrate stack 101, as shown
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in Fig. 31. As separation processing further progresses,
the bonded substrate stack 101 is completely separated
in about 2 min after the start of separation processing.

When the bonded substrate stack 101 is held as it

5 1is capable of warping, the separation force can be
efficiently applied, so separation processing can be
efficiently performed. In addition, when the warp amount
of the bonded substrate stack 101 is limited, the
separated substrates can be prevented from excessively

10 warping, and the bonded substrate stack 101 can be
prevented from breaking.

To distribute stress acting on the bonded substrate
stack 101, the support surfaces 1120a and 1150a are
preferably spherical. However, the contact surfaces need

15 not always be spherical. As a modification of the
éubstrate holding portions 1120 and 1150 of fhe first
example, substrate holding portions each having a smooth
convex surface will be described.

Figs. 32 to 35 are sectional views showing

20 modifications of the substrate holding portions 1120 and
1150. Substrate holding portions 1121 and 1151 shown in
Fig. 32 have support surfaces 112la and 115la each made
of a cone having a convex vertex. Subétrate holding
portions 1122 and 1152 shown in Fig. 33 have support

25 surfaces 1122a and 1152a each made of a frustum of a

cone. Substrate holding portions 1123 and 1153 shown in

——

_—
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Fig. 34 have support surfaces 1123a and 1153a each'made
of several frustums forming a convex surface as a whole.
Substrate holding portions 1124 and 1154 shown in Fig.
35 have support surfaces 1124a and 1154a each made of
several columns forming a convex surface as a whole.

As shown in Figs. 29 to 35, the substrate holding
portion preferably has a diameter with which it can
support the entire surface of thé bonded substrate stack
101. When the diameter of the substrate holding portion
is 2/1 that of the bonded substrate stack 101 or more, a
satisfactory effect can be obtained. However, the
present invention does not e#clude a substrate holding
portion having a diameter smaller than 1/2 that of the
bonded substrate stack.

The substrate holding portion preferably has a disk
shape. However, any other shape such as a radial or
matrix shape may be used.

[Second Example of Substrate Holding Portion]

Figs. 36 and 37 are sectional views showing the
arrangement of substrate holding portions according to
the second example of the second embodiment of the
present invention. Fig. 36 shows a state before
separation processing. Fig. 37 shows a state during
separation.processing. Substratg holding portions 1125
and 1155 shown in Figs. 36 and 37 replace the substrate

holding portions 1120 and 1150 shown in Fig. 28,

—
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respectively.

In the substrate holding portions 1125 and ;155 of
this example, disk-like support portions 1125b and 1155b
of an elastic material (e.g., a.rubber) are bonded to
disk-like main bodies 1125a and 1155a, respectively. The
support portions 1125b and 1155b suppoft the bonded
substrate stack 101 while alloWing it to warp and also
limit excessive warp of the bonded substrate stack 101
in separation processing. The warp amount h is
preferably set to be around 0.1 to 0.5 mm.

With the use of the separating apparatus 1000
having the substrate holding portions 1125 and 1155,
separation progress from the side surface of the bonded
substrate stack 101 to the vicinity of the central
portion in about 30 sec after the start of jet injection
into the bonded substrate stack 101 (separation
processing). Two pdrtions separated from the bonded
substrate stack 101 open to form a V shape due to the
pressure (séparation force) of the jet medium injected
into the bonded substrate stack 101, as shown in Fig.
37. At this time, the separation force and the drag of
the support portions 1125b and 1155b balance with the
warp amount of the bonded substrate stack 101. A§
separation processing further progresses, the bonded
substrate stack 101 is completely separated in about 2

min after the start of separation pfocessing.
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When the bonded substrate stack 101 is held as it

is capable of warping, the separation force can be

.efficiently applied, so separation processing can be

efficiently performed. In addition, when the warp amount
of the bonded substrate stack 101 is limited, the
separated substrates can be prevented from excessively
warping, and the bonded substrate stack 101 can be
prevented from breaking.

To distribute stress acting on the bonded spbstrate
stack 101, the entire surfaces of the support portions
1125k and 1155b afe preferably formed from an elastic
material. However, the entire surfaces of the support
portions need not always be made of an elastic material.
In addition, the substrate holding portion preferably
has a diameter with which it can support the entire
surface of the bonded substrate stack 101. When the
diameter of the substrate holding portion is 2/1 that of
the bonded substrate stack 101 or more, a satisfactory
effect can be obtained. Modifications of the substrate

holding portions 1125 and 1155 of this example will be

.listed below.

Figs. 38 to 40 are sectional views showing
modifications of the substrate holding portions 1125 and
1155. In substrate holding portions 1126 and 1156 shown
in Fig. 38, annular second support portions 1126b and

1156b each consisting of an elastic material (e.g., a

——

—
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rubber) are fitted on disk-like first support portions
1126a and 1156a each having a convex section. In
substrate holding portions 1127 and 1157 shown in Fig.
39, O-ring-like second support portions 1127b and 1157b
5 each consisting. of an elastic material (e.g., a rubber)
are fitted on disk-like first support portions 1127a and
1157a each having a convex section. In substrate holding
portions 1128 and 1158 shown in Fig. 40, coil springs
1128b and 1158b eaéh having one end coupled to a
10 corresponding one of main bodies 1128a and 1158a are
fitted on the main bodies 1128a and 1158a each having a
convex section, and annular support portions 1128c and
1158¢c each coupled to the other end of a corresponding
one of the coil springs 1128b and 1158b are also fitted
15 on the main bodies 1128a and 1158a. |
The above separating apparatus can be used to
separate not only a semiconductor substrate such as a
bonded substrate stack but also various samples.
According to the pfeferred embodiment of the
20 present invention, the efficiency of separation
processing can be increased while preventing damages to
the sample to be separated.
In addition, according to the preferred embodiment
of the present invention, a satisfactory substrate can
25 be manufactured.

[Third Embodiment]
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When this separating apparatus is to be applied to
‘manufacture a semiconductor substrate such as the
above-described SOI substrate, pur¢ water or ultrapure
water with minimum impurity metals or particles'is-

5 preferably used as a jet medium. However, if the
substrate is to be cleaned after separation, water
having low purity may be used as a jet medium.

The jet medium is not limited to water. It is
possible to use an organic solvent such as an alcohol,

10 an acid such as fluoric acid or nitric acid, an alkali
such as potassium hydroxide, a gas such as air, nitrogen
gas, carbonic acid gas, rare gas, or an etching gas, or
a plasma.

In this separating apparatus, a jet is ejected to

15 the porous layer (separation region) exposed to the side
surface of the bonded substrate stack, thereby removing
the porous laver from the peripheral portion to the
central portion. With this process, the bonded substrate
stack is separated into two substrates by removing only

20 the separation region with low mechanical strength
without damaging the main body. Even when the side
surface of the bonded substrate stack is covered with
some thin layer, and the porous layer is not exposed,
the thin layer can be removed by the jet, so the bonded

25 substrate stack can be separated by the above-described

method.
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At the outer peripheral portion of the bonded
substrate stack, a V-shaped (concave) groove is
preferably formed along the side'surface. Figs. 27A and
27B are views showing a force acting on the bonded’

5 substrate stack. Fig. 27A shows a bonded substrate stack
having a V-shaped groove 22. Fig. 27B shows a bonded
substrate stack having no V-shaped groove.

As shown in Fig. 27A, in the bonded substrate stack
having the V-shaped groove 22, a force (to be referred

10 to as a separation force hereinafter) is applied outward
from the center of the bonded substrate stack, as
indicated by an arrow 23. On the other hand, as shown in
Fig. 27B, in the bonded substrate stack with a convex
side surface, a force is applied inward from the side

15 surface of the bonded substrate stack, as indicated by
an arrow 24. In the bonded substrate stack having a
convex side surface, the saparation force does not act
unless the side surface of a porous layer 12 as the
separation region is removed by a jet 21.

20 Even when a thin film is formed on the side surface
of the bonded substrate stack, the separation force acts
on the bonded substrate stack as far as the bonded
substrate stack has the V-shaped groove 22, as shown in
Fig. 27A, so the thin layer can be easily broken.

25 To effectively use the jet, a width W1l of the

V-shaped groove 22 is preferably equal to or larger than
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a diameter d of the jet 21. For example, assume that
each of a first substrate (10) and a second substrate
(20) has a thickness of about 1 mm, and the_bonded
substrate stack has a thickness of about 2 mm. Since the
5 width W1l of the V—shaped groove 22 is normally around 1
mm, the diameter of the jet is preferably 1 mm or less.
Since a general water jet apparatus uses a jet with a
diameter around 0.1 to 0.5 mm, such a general water jet
apparatus (e.g., a water jet nozzle) cén be used.

10 The nozzle for ejecting a jet can have not only a
circular shape but any othér shapeé. For example, when a
slit-like nozzle is emploved to eject a jet having a
long rectangular section, the jet can be efficiently
injected into the separation region (inserted between

15 the two substrates).

The jet ejection conditions are determined in
accordance with the type of separation region (e.g., a -
porous layer) or the shape of the side surface of the
bonded substrate stack. Important parameters as the jet

20 ejection conditions are the pressure applied to the jet
medium, the jet scanning speed, the width or diameter of
the nozzle (the nozzle diameter is almost the same as
the jet diameter), the nozzle shape, the distance
between the nozzle and the separation region, and the

25 flow rate of the jet medium.

The following techniques are used to separate the
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bonded substrate stack. 1) The jet is injected into. the

bonding interface parallel to the bonding interface

while the nozzle is scanned along the bonding interface.

2) The jet is injected into the bonding interface

5 parallel to the bonding interface while the bonded

substrate stack is scanned. 3)

The jet is injected into

the bonding interface parallel to the bonding interface

and simultaneously scanned in a fan shape at a pivot

near the nozzle. 4) The jet is

injected into the

10 bonding interface parallel to the bonding interface

while the bonded substrate stack is rotated about nearly

the center of the bonded substrate stack (this technique

is particularly effective when the bonded substrate

stack has a disk shape).

The jet need not always be

15 ejected to be perfectly parallel to the bonding

interface.

The bonded substrate stack is separated not only

when the pore walls break by the cutting force, i.e.,

the impact force of the jet colliding against the pore

20 walls in the porous layer but also when the pore walls

break by the pressure of jet medium injected into the

porous layer.

To prevent damages to the substrate, the. .

separation force acting in the axial direction of the

bonded substrate stack is preferably set to be several

25 hundred gf/cm?®.

To separate the bonded substrate stack using only
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the cutting force of jet, the jet must be ejected at a
high pressure of 1,000 kg/cm® or more. If the bonded
substrate stack is separated by such a high-pressure
jet, the substrate may be damaged. The thickness of the

5 bonded substrate stack is preferably about 0.5 to 1.0
mm. However, when such a thin bonded substrate stack is
to be separated by a high-pressure jet, and the porous
layer locally has portions with high strength, the jet
pressure (separation force) may abruptly increase to

10 break the substrate because the discharge path of the
jet medium is not ensured.

Preferably, a jet with a low pressure of
approximately 500 kgf/cm®? is used, and the shortage of
cutting forxrce is coﬁpensated for by the separation

_15 force. With this method, Qaméges_to the substrate can be
prevented at a relatively high ratio.

However, to prevent damages to the substrate, the
shape or characteristics of the member to be separated
is preferably taken into consideration. For example,

20 when the bonded substrate stack is to be separated to
the first substrate (10') side and the second substrate
(10" + 20) side, the bonded substrate stack holding
method in separétion processing is preferably optimized
in consideration of the shape or characteristics

25 (especially, the strength) of the substrates. More

specifically, the first substrate (10) is formed through
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various processes (including high-temperature process)
such as anodizing, formation of an épitaxial layer, and
oxidation and therefore readily breaks as compared to
the second substrate k20). If the substrate is useq
5 again as the first substrate (10) by removing the porous

layer remaining on the surface of the first substrate
after separation, the first substrate becomes thinner by
about 30 um every time an SOI substrate is manufactured.
For this reason, as the number of times of reuse

10 increases, the first éubstrate breaks during separation
processing with higher probability.

' In this embodiment, a separating apparatus is
disclosed, in which the deflection amount by the
separation force of the jet is made small for one of

15 members to be separated, which has low strength and
readily breaks, to prevent the member from breaking, and
the deflection amount by the separation force of the jet
is made large for a member which has high strength and
hardly breaks to increase the efficiency of discharging

20 the jet medium from the separation region (inside the
member) .

[Arrangement of_Separating Apparatus]
A specific arrangement of.the separating apparatus
according to the third embodiment of the present

25 invention will be described below with reference to

Figs. 42 to 44.

I
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The separating apparatus of this embodiment is
lsuitable to separate a bonded substrate stack having a
porous layer or microcavity layer as an internal fragile
structure. This separating apparaﬁus can also be used to

b separate another member having an internal fragile
structure. In this case, the buildiﬁg elements of the
separating apparatus must obviously be appropriately
modified in accordance with the shape of the member to
be separated.

10 Fig. 42 is a view schematically showing the
arrangement of the separating apparatus.according to the
third embodiment of the present invention. Fig. 43 is a
perspective view showing part of the separating
apparatus shown in Fig. 42. Fig. 44 is a view

15 schematically showing separation processing.

A separating apparatus 2000 has substrate holding
portions 2120 and 2130 having vacuum chuck mechanisms. A
bonded substrate stack 101 is sandwiched by the
' substrate holding portions 2120 and 2130 and held. The

20 substrate holding portion 2120 comes into contact with
the bonded substrate stack 101 in a large area. The
substrate holding portion 2130 comes into contact with
the bonded substrate stack 101”in a small area. With
this structure, the deflection amount becomes small or

25 no deflection occurs on one side of the bonded substrate

stack 101 while the deflection amount in separation
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processing is made relati&ely large on the other side.

The bonded substrate stack 101 has a porous layer
101b as an internal fragile structure and is separated
into a first substrate 10la and a second substrate'lolc

5 at the porous layer 101b by the separating apparatus

2000. The first substrate 10la corresponds to the.
abové—described first substrate (10'), and the second
substrate 10lc corresponds to the above-described second
substrate (10" + 20).

10 As described above, the first substrate 10la is
formed through various processes (including
high-temperature process) such as anodizing, formation
of an epitaxial layer, and oxidation and therefore
readily breaks as compared to the second substrate 10lc.

15 Therefore, when the first substrate 10la of the bonded
substrate stack 101 is held by the substrate holding
portion 2120 having a large-area holding surface,
deflection of the first substrate 10la can be limited
during separation processing and prevented ffom

20 Dbreaking. The second substrate 10lc has a strength
higher than that of the first substrate 10la and can
-withstand relatively large deflection. When the second-
substrate 10lc is held by.the substrate holding portion
2130 having a small-area holding surface, the substrate

25 10lc can deflect to some extent in separation

processing. With this structure, the jet medium injected
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betweén the substrates 10la and 10lc can be efficiently
discharged, and conséquently, éeparation processing can
be efficiently performed.

The substrate holding portion 2120 is coupled to
one end of a rotary shaft 104 which is rotatably axially
suppofted by a support base 109 through a bearing 108.
The other end of the rotary shaft 104 is coupled to the
rotary shaft of a motor 110. The rotational force
generated by the motor 110 rotates the bonded substrate
stack 101. The motor ilO rotates the rotary shaft 104 at
a designated rotaﬁion speed in accordance with an
instruction from a controller (not shown).

The substrate holding portion 2130 is coupled to
one end of a rotary shaft 103 which is rotatably and
slidably axially supported by the support base 109
through a bearing 111. The other end of the rotary shaft
103 is coupled to an air cylinder 112 fixed on the
support base 109. When the air cylinder 112 pushes the
rotary shaft 103, the bonded substrate stack 101 is
pressed by the substrate holding portion 2130.

To limit the deflection amoﬁnt of the first

substrate 10la to an amount as small as possible, the

"diameter of the chucking surface of the substrate

holding portion 2120 is preferably made equal to or
larger than the diameter of the bonded substrate stack

101, and additionally, the chucking surface is
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'preferably made flat to support the entire surface of
the first substrate 10la. Héwevef; the shape of the
chucking surface of the substrate holding portion 2120
is not limited to this. The chucking surface may be a

5 curved surface such as a spherical surface or have a
smaller area than the bonded substrate stack 101. That
is, the shape of the chucking surface of the substrate
holding portion 2120 is determined in accordance with
the allowable deflection amount of the first substrate

10 10la.

On the other hand, the shape of the chucking
surface of the substrate holding portion 2130 is
determined within the allowable deflection amount range
of the second substrate 10lc such that the deflection

15 amount of the second substrate 10lc becomes larger than
that of the first substrate 1l0la.

The substrate holding portions 2120 and 2130 are
present on the same rotary axis. The substrate holding
poftions 2120 and 2139 can be detached from the rotary

20 shafts 104 and 103, respectively. The substrate holding
portions 2120 and 2130 have vacuum chucking grooves on
their holding surfaces. These grooves communicate with - - - -
vacuum lines extending through the rotary shafts 104 and
103, respectively. These vacuum lines are coupled to

25 external vacuum lines through, e.g., rotary vacuum

joints. The external vacuum lines have solenoid valves.
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By controlling the solenoid valves, setting/removal of
the substrate stack can be controlled.

Substrate separation processing using this
separating apparatus 2000 will be described below.

5 To set the bonded substrate stack 101 in the
separating apparatus 2000, first, the rotary shaft 103
is retracted by the air cylinder 112 to set a
predetermined interval between the holding surfaces of
the substrate holding portions 2120 and 2130. After the

10 bonded substrate stack 101 is mounted on an alignment
shaft 113, the air cylinder 112 pushes the rotary shaft
103, so the bonded substrate stack 101 is pressed and
held (the state shown in Fig. 42). The alignment shaft
113 is rotatably axially supported tﬁrough bearings 105

15  and 107.

In this embodiment, the bonded substrate stack 101
is held not by vacuum chucking but by the pressing force
of the air cylinder 112. The pressing force is
preferably about 100 to 2000gf. The bonded substrate

20 stack 101 may be vacuum-chucked, as a matter of course.

A jet medium (e.g., water) is sent from a pump 114
to a jeﬁ nozzle 102, and processing waits until the jet
ejected from the_jet nozzle 102 stabilizes. When the jet
stabilizes, a shutter 106 is opened to inject the jet

25 into the separation region of the bonded substrate stack

101, and at the same time, the bonded substrate stack
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101 is rotated by the motor 110. At this time, the
rotary shaft 104, substrate holding portion 2120, bonded
substrate stack 101, substrate holding portion 2130, and
rotary shaft 103 integrally rotate. The jet nozzle 102
5 is attached to a position adjustment mechanism (e.g., an
X-Y stage), so the position from which the jet is
injected into the bonded substrate stack 101 can be
adjusted by the position adjustment mechanism.
When the jet is injected, a separation force due to
10 the pressure of jet medium contipuously injected into
the porous layer 101b as a fragile structure acts on the
bonded substrate stack 101 to break the porous layer
iOlb which connects the substrates 10la and 10lc. At
this time, the substrates 10la and 10lc deflect in the
15 allowable ranges of the substrate holding portions 2120
and 2130. In this separating apparatus 2000, the
deflection amount of the substrate 10la is relatively
small, and that of the substrate 10lc is relatively
large.
20 With this processing, the bonded substrate stack
101 is separated iqto two substrates in about 2 min.
When the bonded substrate stack 101 is separated
into two substrates: the shutter 106 is closed, and the
operation of pump 114 is stopped. By stopping rotation
25 of the motor 110 and controlling the above-described

electromagnetic valves, the separated substrates 10la
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and 10lc are vacuum-chucked by the substrate holding
portions 2120 and 2130.

When the air cylinder 112 retracts the rotary shaft

103, the surface tension of the jet medium (e.g., Water)
5 is cut off to split the two physicélly separated
substrates 10la and 10lc to both sides.

Modifications of the substrate holding portion of
the separating apparatus 2000 will be described next.
[First Modification]

10 In the separating apparatus of this modification,
the substrate holding portions 2120 and 2130 of the
separating apparatus 2000 shown in Figs. 42 to 44 are
replaced with each other. Fig. 45 is a view showing the
schematic arrangement of a separating apparatus 2000' of

15 this modification.
| In this separating apparatus 2000, the substrate
holding portion 2120 holds the first substrate 10la side
of the bonded substrate stack 101, and the substrate
holdihg portion 2130 holds the second substrate 10ilc.

20 That is, in the separating apparatus 2000', the bonded
substrate stack 101 is held such that the second
substrate 10lc is positioned on the side of the rotary
shaft 104 whose horizontal position is fixed.

This separating apparatus 2000' is suitable to

25 reuse the first substrate 10la after separation as the

first substrate (10) by removing the porous layer 101b
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remaining on the surface of the substrate 10la. The
reason for this is as follows.

When the first sﬁbstrate 10la is to be reused, the
first substrate 10la becomes thinner in accordance with
the number of times of reuse. For this reason, when
separation processing is to be efficiently and
appropriately performed in the separating apparatus 2000
shown in Fig. 42, the jet nozzle 102 must be located
immediately above the separation region of the bonded
substrate stack 101 for every separation processing. If
the position of the jet nozzle 102 is fixed, the jet may
not be injected into the center of the porous layer 101b
to damage the substrates 10la and 10lc.

However, in the separating apparatus 2000' of this
modification, as far as the bonded substrate stack 101
whose second substrate 10lc has a predetermined
thickness is to be processed, the positional
relationship between the porous layer 101b and the jet
nozzle 102 does not change even when the position of the
jet nozzle 102 is fixed. This is because the position of
the substrate holding portion 2130 is fixed, and the
second substrate 10lc held by the:substrate holding
portion 2130 has a predetermined thickness.

[Second Modification]
In this modification, the structure of each

substrate holding portion of the separating apparatus
. _\\_

——
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2000 shown in Figs. 42 to 44 is modified. Fig. 46 is a
view showing the schematic arrangement of the substrate
holding portions of the separating apparatus of this
modification. In this separating apparatus, a substrate
holding portion 2121 having an almost circular chucking
surface holds the first substrate 10la side of the
bonded substrate stack 101, and a substrate holding
portion 2131 having an almost annular chucking surface
holds the second substrate 10lc side of the bonded
substrate stack 101.

The substrate holding portions 2121 and 2131 of
this modification limit the deflection amounts of the
first substrate 10la and that of the second substrate
101c in the allowable deflection amount ranges,

respectively, and increase the efficiency of separation

processing while preventing damages to the substrates

101la and 101c.

Since the diameter of the substrate holding portion
2121 is smaller than the bonded substrate stack 101, the
first substrate 10la deflects while warping at its outer
peripheral portion in separation processing. The holding
surface of the substrate holding portion 2121 may be a
flat surface or a curved surface such as a spherical
surface.

On the other hand, since the substrate holding

portion 2131 has an annular holding surface, the

substrate 10lc deflects while corrugating forming
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"nodes" near the chucking surface (701 and 702 in Fig.
46) and "antinodes" at the outer peripheral portion and
central portion. When the substrate holding portions
2121 and 2131 with shapes aliowing the second substrate
5 10lc to deflect while corrugating are emploved, the jet
medium injected into the bonded substrate stack 101 can
be efficiently discharged.
Separation processing was executed using this
separating apparatus. After the jet was injected into
10 the bonded substrate stack 101, the jet proceeded to the
holding surface (701 in Fig. 46) of the substrate
holding portion 2131 in about 30 sec. After this, the
jet proceeded to the holding surface (702 in Fig. 46) on
the opposite side after about 30 sec, and the substrate
15 10l1c deflected while corrugating, as shown in Fig. 46.
The bonded substrate stack 101 was separated into two
substrates in about 3 min.
In separation processing of the bonded substrate
stack 101, the jet medium is hardly discharged at the
20 centfal_portion of bonded substrate stack. For this
reason, the pressure of the jet medium readily
increases, so the central portion is easily damaged as
compared to the peripheral portion. Hence, when only the
second éubstrate 101lc with high strength is allowed to
25 deflect while expanding to the substrate holding portion

2131 side at its central portion, as in the substrate
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holding portions of this modification, the discharge
path of the jet medium can be ensured while prevehting
damages to the first substrate 10la with low strength.
[Third Mbdification]

In this modification, the structures of the
substrate holding portions 2120 and 2130 of the
separating apparétus 2000 shown in Figs. 42 tol44 are
modified. Fig. 47 is a view showing a modification of
the substrate holding portion 2120 for holding the first
substrate side. Fig..48 is a view showing a modification
of the substrate holding portion 2130 for holding the
second substrate side.

As shown in Fig._47, a substrate holding portion
2122 for holding the first substrate 10la side has a
diameter slightly smaller than that of the bonded
substfate stack 101 and a flat chucking surface.
Therefore, the first substrate 10la deflects while
warping at its outer peripheral portion in separation
processing.

On the other hand, as shown in Fig. 48, a substrate
holding portion 2132 has a plurality of projecting chuck
portions 2132a. The secbnd substrate 10lc side of the
bonded substrate stack 101 is held by the tips of the
plurality of chuck portions 2132a. When the second
substrate 10lc side is held by the projecting suction

portions 2132a, the substrate 101lc can easily deflect,
\\'\“
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and the jet medium injected into the bonded substrate
stack 101 can be efficiently discharged. To étably hold
the bonded substrate stack 101, the number of projecting
chuck portions 2132a is preferably three or more.

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

of the present invention, the following claims are made.

o
-
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WHAT IS CLATMED IS:
1. A separating apparatus for séparating a
plate-like sample having an internal fragile-layer at
the fragile layer comprising:
5 a jet unit for ejécting a fluid to the sample;
and
a pair of holding portions opposing each other to
sandwich and hold the sample,
wherein said pair of holding portions hold the
10 sample to allow the sample to expand at a vicinity of a
- central portion due to a pressure oflthe fluid ejected
from said jet unit and injected into the sample.
2. A seﬁarating apparatus for separating a
plate-like sampie having an internal fragile layer at

15 the fragile layer comprising:

a jet unit for ejectihg,a fluid to the sample;
and

a pair of holding portions opposing each other to
sandwich and hold the sample,

20 wherein said pair of holding portiohs hold the
sample which can corrugate due to a pressure of the
fluid ejected from said jet unit and injected into the
sample.

3. The apparatus according to claim 1 or 2, wherein

25 at least one of said pair of holding portions has a
hollow contact portion, and the sample is held by

-_._....\\
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bringing said contact portion iﬁto contact with the
sample. |
4. The apparatus according to claim 3, wherein said
contact portion éomprisés a multiple of contact portions.
5 b5, 'The apparatus according to claim 1 or 2, wherein
‘at least one of said pair of holding portions has an
annular contact portion, and the sample is held by
bringing said contact portion into contact with the
sample.
10 6. The apparatus according to claim 5, wherein said
coﬁtact portion comprises a multiple of contact portioﬁs.
7. The apparatus according to. claim 1 or 2, wherein
at least one of said pair of holding portions has one or
a plurality of stripe-shaped contact portions, and the
15 sample is held by bringing said contact portion into
contact with the sample.
8L_ The apparatus according to claim 1 or 2, wherein
at least one of said pair of holding portions has one or
a plurality of arcuated contact portions, and the sample
20 is‘held by bringing said contact portion into contact
with the sample..
9. .The apparatus according to claim 1 or 2, wherein
at least one of said pair of holding portions has one or
a pluralitf of prpjecting contact portions on a main
25 body surface, and the sample is held by bringing said

contact portion into contact with the sample.
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10. The apparatus_accofding to claim 1 or 2, wherein
at least one of said pair of holding portions has a
radial contact portion, and the sample is held by
bringing said contact portion into contact with the
sample.

11. The apparatus according to claim 1 or 2, wherein
at least one of said pair of holding portions has a
contact portion which comes info contact with a
peripheralﬂpbrtion of the sample, and the sample is held
by bringing said contact portion into contact with the
sample.

12. The apparatus according to cléim 11, wherein said
contact portion can contact the whole peripheral portion
of the sample.

13. The apparatus according to any one of claims 1 to
12, further comprising a rotary mechanism for rotating_
said holding portion about a shaft perpendicular to a
surface of the sample.

14. The apparatus according to any one of claims 1 to
13, further comprising an adjustment mechanism for
adjusting an interval between said pair of holding
portions. | |

15. The apparatus according to Cléim 14, wherein in
separating the sample by the fluid, said adjustment
mechanism presses the sample to adjust the interval

between said pair of holding portions.
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16. The apparatus according to claim 14, wherein in
separating the sample by the fluid, said adjustment
mechanism maintains a substantially constant- interval
between said pair of hoiding portions.
17. The apparatus according to any one of claims 1 to
16, wherein éach of said pair of holding portions has a
chuck mechanism for vacuum-chucking the sample.
18. The apparatus according to any one of claims 1 to
17, wherein the sample comprises a substrate having a
porous layer as the fragile layer.
19. A support apparatus for supporting a sample, which
is used in a separating apparatus for separating a
plate-like sample having an internal fragile layer at
the fragile layer comprising:
a pair of holding portions opposing each other to
sandwich and hold the Sample,. | |
wherein said pair of holding portions hold the
sample to allow the sample to expand at a vicinity of a
central portion due to a pressure of a fluid ejected
from a jet unit arranged in said separating apparatus
and injected into the sample.
20. A support apparatus for supporting a sample, which
is used in a separating apparatus for separating a-
plate-like sample having an.internal fragile layer at
the fragile layer comprising:

a pair of holding portions opposing each other to
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sandwich and hold the sample, _
wherein said pair of holding portions hold the
sample to allow the sample to corrugate due to a
pressure of a fluid ejected from a jet unit arranged in
5 said separating apparatus and injected into the sample.
21. The apparatus according to claim 19 or 20, wherein
at least one of said pair of holding portions has a
hollow contact portion, and the sample is held by
bringing said contact portion into contact with the
10 sample.
22. The apparatus according to claim 21, wherein said
contact portion comprises a multiple of contact portions.
23. The apparatus according to claim 19 or 20, wherein
at least one of said pair of holdihg portions has an
15 annular contact portion, and the sample is held by
bringing said contact portion into contact with the
sémple.
24. The apparatus according to claim 23, wherein said
contact portion comprises a multiple of contact portions.
20 25, The apparatus according to ciaim 19 or 20, wherein
at 1éast one of said pair of holding portions has one or
a plurality of stripe-shaped contact portions, and the
sample is held by bfinging said contact portion into
contact with the sample.
25 26. The apparatus according to claim 19 or 20, wherein

at least one of said pair_df holding portions has one or
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a plurality of arcuated contact portions, and the sample

is held by bringing said contact portion into contact

with the sample.

27. The apparatus according to claim 19 or 20, wherein
5 at least one of said pair of holding portions has one or

a plurality of projecting contact portions on a main

body surface, and the sample is held by bringing said

contact portion into contact With the sample.

28. The apparatus according to claim 19 or 20, wherein

10 at least one of said pair of holding portions has a
radial contact portion, and the sample is he;d by
bringing said contact portion into contact with the
sample.

29. The apparatus accérding.to claim 19 or 20, wherein

15 at least one of said pair of holding portions has a
contact portion which comes into contact with a
peripheral portion of the sample, and the sample is held
by bringing said contact portion into contact with the
sample.

20 30. The apparatus according to claimh29, wherein said
contact portion can contact the whole peripheral portion
of the sample.

31. The apparatus according to any one of claims 19 to
30, further comprising a rotary mechanism for rotating
25. said-holding portion about a shaft perpendicular to a

surface of the sample.
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32. The apparatus according to any -one of claims 19 to
31, further comprising an adjustment mechanism for
adjusting an interval between said pair of heolding
portions.

5 33.  The apparatus according to claim 32, wherein in
separating the sample by the fluid, said adjustment
mechanism presses the sample to adjust the intervai
between said pair of holding portions.

34. The apparatus according to claim 32, wherein in
10 separating the sample by the fluid, said adjustment
mechanism.maintains a substantially constant interval
between said pair of holding portions.
35, The apparatus according.to any one of claims 19 to
34, wherein each of said pair of holding portions has a
15 chuck mechanism for Vacuum—chuéking the sample..
36. The apparatus according to any one of claims 19 to
35, wherein the sample comprises a substrate having a
porous layer as the fragile layer.
37. A separating method of separating a plate-like
20 sample having an internal fragile layer at the fragile
layer comprising the steps of:
transferring the sample to said separating
apparatus of any one of claims 1 to 18;
separating the sample at the fragile layer by said
25 separating apparatus; and

receiving the separated samples from said
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separating apparatus.
38. The method according to claim 37, wherein water is
used as the fluid to be ejected from said jet unit.
39. A separating method of separating a substrate at a
5 porous layer, the substrate being formed by bonding a
non-porous layverside of a first substrate, in which the
porous layer and the non-porous layer are sequentially
formed on one surface, to a second substrate, wherein
said - -separating apparatus of ény ohe of claims 1 to 18
10 | is used for separation.
40. A substrate manufacturing method comprising the
step of: |
bonding a non-porous layer side of a first
substrate, in which a porous layer and the non-porous
15 1layer are sequentially formed on one surface, to a
second substrate; and
separating the bonded substrates at the poroué
layer,
wherein said separating apparatus of any one of
20 claims 1 to 18 is used in the separation step.
41. A separating épparatus for separating a plate-like
sample having an internal fragile layer at the fragile
layer comprising:
a jet unit for ejecting a fluid to the sample; and
25 a pair of holding portions opposing each other to

sandwich and hold the sample,
I
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wherein said pair of holding portions allow the
sample to warp as the sample is divided into two parts
by a pressure of the fluid ejected from said jet unit

and injected into the sample and simultaneously limit a

REPLACED

5 warp amount.
42, The apparatus accofding to claim 41, wherein at
least one of said pair of holding.portions has a smooth
convex support surface, and the sample is held by said
support surface.

10 43. The apparatus according to claim 42, wherein said
support surface substantially comprises part of a
spherical surface.

44. The apparatus according to claim 42, wherein said
support surface domprises a surface formed by a cone

15 with a convex vertex.

45. Tﬁe apparatus according to claim 42, wherein said
support surface substantially comprises a surface formed
by a frustum_of a cone.

46. The apparatus according to claim 42, wherein said

20 support surface comprises a smooth convex surface formed
by a stack of several frustums.

47. The apparatus according to claim 42, wherein said
support surface comprises a convex surface formed by a
stack of several columns.

25 48. The apparatus according to «claim 41, wherein at
least one of said pair of holding portions includes an
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elastic member and deforms due to a force inflicted by
the sample.

49, The apparatus according to claim 41, wherein at

 least one of said holding portions has a support portion

partially consisting of an elastic material, and the
sample is held by said support portion.

50. The apparatus according to claim 41, wherein at
least one of said holding portions has an elastic member
at a portion which can contact the sample.

S1. The apparatus according to claim 41, wherein at
least one of said holding portions has an annular
support portion consisting of an elastic member.

52. The apparatus according to claim 41, wherein at
least one of said holding portions has a support portion
coupled to a main body via an elastic member.

53. The apparatus according to any one of claims 41 to
52, further comprising a rotary mechanism for rotating
said holding portion about a shaft perpendicular to a
surface of the sample.

54. The apparatus according to any one of claims 41 to
53, further comprising an adjustment mechanism for
adjusting an interval between said pair of holding
portions.

55. The apparatus according to claim 54, Wherein in
separating the sample by the fluid, said adjustment

mechanism presses the sample to adjust the interval
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between said pair of holding portions.
56. The apparatus according to claim 54, wherein in
separating the sample by the fluid, said adjustment
mechanism maintains a substantially constant interval
5 Dbetween said pair of holding portiohs.
57. The apparatus according to any one of claims 41 to
56, wherein each of said pair of holding portions has a
chuck mechanism for vacuum-chucking the sample.
58. The apparatus according to any one of claims 41 to
10 57, wherein the sample comprises a substrate having a
porous layer as the fragile layer.
59. A support apparatus for supporting a samplé, which
is used in a separating apparatus for separating a
plate-like sample having an internal fragile layer at
15 the fragile layer comprising:
a pair of holding portions for sandwiching and
holding the sample,
wherein said pair of holding portions allow the
sample to warp és the sample is divided into two parts
20 by a pressure of the fluid ejected from a jet unit
arranged in said separating apparatus and injected into
the sample and simultaneously limit a warp amount.
60. The apparatus according to claim 59, wherein at
least one of said pair of holding portions has a smooth

25 convex support surface, and the sample is held by said

support surface.
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61. The apparatus according to claim 60, wherein said

support surface substantially comprises part 6f a

spherical surface.

62. The apparatus according to claim 60, wherein said
5 support surface comprises a surface formed by a cone

with a convei vertex.

63. The apparatus according to claim 60, wherein said

support surface substantially comprises a surface formed

by a frustum of a cone.

10 +64. The apparatus according to claim 60, wherein said
support surface comprises a smooth convex surface formed
by a stack of several frustums.

65. The apparatus according to qlaim 60, wherein said
support surface comprises a convex surface formed by a

15 stack of severaifcolumns. |
66. The apparatus according to claim 59, wherein at
least one of said pair of holding portions includes an
elastic member and deforms dué to a force inflicted by
the sample.

20  67. The apparatus according to claim 59, wheréin at
least one of said holding portions has a support
portion partially consisting of an elastic material, and
the sample is held by said support portion.

68. The apparatus according to claim 59, wherein at

25 least one of said holding portions'has an elastic member

at a portion which can contact the sample.
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69. The apparatus according to claim 59, whérein at
least one of said holding portions has an annular
support portion consisting of an elastic member.
70. The apparatus according to claim 59, wherein at

5 least one of said holding portionshas a support portion
coupled to a main body via an elastic member.
71. The apparatus according to any one of claims 59 to
70, furthef comprising a rotary mechanism for rotating
said holding portion about a shaft perpendicular to a

10 surface of the sample.

72. The apparatus according to any one of claims 59 to
71, further comprising an adjustment mechanism for
adjusting an interval between said pair of holding
portions.

15  73. The apparatus according to claim 72, wherein in
separating the sample by the fluid, said adjustment
mechanism presses the sample to adjust the interval
between said éair of holding portions. |
74. The apparatus according to claim 72, wherein in

20 separating the sample by the fluid, said adjustment
mechanism maintains a substantially constant interval
between said pair of holding portions.

75. The apparatus according to any one of'qlaims 59 to -
74, wherein each of said pair of holding portions has a
25 chuck mechanism for vacuum-chucking the sample.

76. The apparatus according to any one of claims 59 to

This Sheet Has Been Replaced

s [T

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

—

/\\\\\\\\\\\\\\\\\\\\\\\\\\\!\\

75, wherein the sample comprises a substrate having a
porous layer as the fragile layer.
77. A separating method of separating a plate-like
sample having an internal fragile layer at the fragile
layer comprising the steps of:

transferring the sample to said separating
apparatus of any one of claims 41 to 58;

separating the sample at the fragile layer by said
separating apparatus; and

receiving the separated samples from said
separating apparatus.
78. The method according to claim 77, wherein water is
used as the fluid to be ejected from said jet unit.
79. A separating method of separating a substrate at a
porous layer, the substrate being formed by bonding a
non-porous layer side of a first substrate, in which the
porous layer and the non-porous layer are sequentially
formed on one surface, to a second substrate, wherein

said separating apparatus of any one of.claims 41
to 58 is used for separation.
80. A substrate manufacturing method comprising the
step of:

bonding a non-porous layer side of a first-
substrate, in which a porous layer and the non-porous
layer are sequentially formed on one surface, to a

second substrate; and

—
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separating the bonded substrates at the porous
layer,
wherein said separating apparatus of any one of
claims 41 to 58 is used in the separation step.
5 81. A separating apparatus for separating a plate-like
sample comprising:
a jet unit for ejecting a fluid for separating the
sample to the sample; and
first and second holding portions for sandwiching
10 and holding the sample,
wherein said first and second holding_portions
have holding surfaces with different shapes.
82. The apparatus according to claim 81, wherein said
first holding portion holds one surface of the sample to
15 m&ke a deflection amouﬁt~of the one surface due to a
pressure of the fluid injected into the sample
relatively small, and said second holding portion holds
the other sﬁrface of the sample to make a deflection
amount of the other surface due to the pressure of the
20 fluid relatively large.
83. The apparatus according to claim 81, wherein said
first holding portion holds one surface of the sample
not to cause the one surface to deflect due to a
pressure of the fluid injected intolthe sample, and said
25 second holding portion holds the other surface of the

sample to cause the other surface to deflect due to the
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pressure of the fluid.
84. The apparatus according to any one of claims 81 to
83, wherein the holding surface of said first holding
portion and the holding surface of said second holding

5 portion have different areas.
85. The apparatus according to any one of claims 81 to
84, wherein said first holding portion has a holding
surface for wholly holding one surface of the sample,
and said second holding portion has a holding surface

10 for partially holding the other surface of the sample.
86. The apparatus according to any one of claims 81 to
85, wherein the holding surface of said first holding
portion comprises a flat surface.

87. The apparatus according to any one of claims 81 to

15 85, wherein the holding surface of said first holding
portion comprises_a curved surface.

88. The apparatus according to any one 6f claims 81 to
87, wherein the holding surface of said second holding
portion is annular.

20 89. The apparatus according to any one of claims 81 to
87, wherein said second holding portion has a plurality
of projecting members, and the samble is held by tips of
said plurality of projecting members.

90. The apparatus according to any one of claims 81 to

25 87, wherein said second holding portion has a shape

allowing the sample to deflect while expanding at a
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central portion on a side of said second.holding portion
due to the pressure of the fluid injected into the
sample.

91. The apparatus according to any one of claims 81 to
87, wherein said second holding portion has a shape
allowing the sample to deflect and corrugate on a side
of said second holding portion due to the pressure of
the fluid injected into the sample.

92. The apparatus according to any one of claims 81 to
91, further comprising a rotary mechanism for rotating
at least one of said first and second holding portions
about a shaft perpendicular to the holding surface to
rotaﬁe the sample.

93. The apparatus according to any one of claims 81 tb
92, wherein the sample to be processed comprises a
substrate formed by bonding first and second substrates,
and the first and second substrates have different
strengths.

94. A separating method of separating a plate-like
sample comprising holding the sample by sandwiching the
sample by a pair of holding portions having holding
surfaces with different shapes,.and ejecting a fluid to
a predetermined position in a direction of thickness of
the sample; thereby separating the sample.

95. The method accordiﬁg to claim 94, wherein the

sample to be separated has an internal fragile layer,
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and in separating the sample, the fluid is ejected to
the fragile layer.
96 .- A separating method of separating a plate-like
sample having an internal fragile layer at the fragile
5 layer comprising:
the separation step of ejecting a fluid to the
fragile layer of the sample to separate the sample,
wherein in the separation step, one surface of the
sample is held to make a deflection amount due to a
10 pressure of the fluid injected into the sample
relatively small and the other surface of the sample is
held to make a deflection amount due to the pressure of
the flﬁid injected into the sample relatively large.
97. A separating method of separating a plate-like
15 sample having an internal fragile layer at the fragile
layer comprising:
the separation step of ejecting a fluid to the
fragile layer of the sample to separate the sample,
wherein in the separation step, one surface of the
20 sample is held to limit deflection due to a pressure of
the fluid injected into the sample and the other surface
of the sample is held to allow deflection due to the
pressure of the fluid injected into the sample.
98. The method according to any one of claims 94 ﬁo 97,

25 further comprising rotating the sample about a shaft

perpendicular to a major surface of the sample in
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separating the sample by the fluid.
99. The method according to any one of claims 94 to 98,
wherein the sample to be.processed comprises- a sample
formed by bonding first and second substrates, and the
5 first and second substrates have different strengths.
100. A separating method of separating a composite
substrate which has a fragile layer between a first
substrate having a relatively low strength for
deflection and a second substrate having a relatively
10 high strength for deflecﬁion, at the fragile layer
comprising: |
the separation step of ejecting a fluid to the
fragile layer to separate the composite substrate,
wherein in the separation step, the first
15 substrate is held to make a deflection amount due to a
pressure of the fluid injected into the composite
substrate relatively small and the second substrate is
held to make a deflection amount due to the pressure of
the fluid injected into the composite substrate
20 relatively large.
101. A separating method of separating a composite
substrate which has a fragile layer between a first
substrate having a‘felatively low strength for
deflection and a second substrate having a relatively
25 high strength for deflection, at the fragile layer

comprising:

——
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the separation step of ejecting a fluid to the
fragile layer to separate the composite substrate,

wherein in the separation step, the first
substrate is held to limit deflection due to a pressure

5 of the fluid injected into the composite substrate and

the second substrate is held to allow deflection due to
the pressure of the fluid injected into the composite
substrate.
102. A substrate manufacturing method-comprising the

10 step of: |

bonding a non-porous layer side of a first
substrate, in which a porous layer and the non-porous
layer are sequentially formed on one surface, to a
second substrate; and

15 separating the bonded substrates at the porous
layer,

wherein said separating apparatus of any one of
claims 81 to 92 is used in the separation step.
103. A substrate manufacturing method comprising:

20 bonding a non-porous layer side of a first
éubstrate, in which a porous layer and the non-porous
layer are sequentially formed on one surface, to a
second substrate; and

separating the bonded substrates at the porous
25 layer, | |
wherein the separation step is executed using the
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method of any one of claims 84 to 98.
104. A holding apparatus for holding a sample in _
ejecting a fluid to a predetermined position in a
direction of thickness of the sample to separate the

5 sample, wherein the sample is held by a pair of holding
portions whose holding surfaces for holding the sample

have different shapes.
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