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‘ 1 POS

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

SUBSTRATE MANUFACTURING METHOD{\//
5 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
‘The present invention relates to a sample

separating apparatus and method, and a substrate

10 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

15 apparatus.

_DESCRIPTION OF THE RELATED ART
| A substrate (SOI substrate) having an SOI (Silicon
On Insulator) structure is known as a substrate having a
20 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
25 Dbecause dielectric isolation is easy.

(2) The radiation resistance can be increased.
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T

FI ELD OF THE | NVENTI ON The present.invention relates to a sanple
separating apparatus and nethod, and a substrate 10 rmanufacturing nethod
and, for exanple, to an apparatus and nmet hod of separating a

pl ate-1i ke sanpl'e having an internal fragile layer at the fragile

| ayer, a sanple support apparatus used in the separating apparat.us,
and a substrate manufacturing nethod using the separating 15

appar at us. DESCRI PTI ON OF THE RELATED ART A substrate (SO
substrate) having an SO (Silicon On Insulator) structure is known as

a substrate having a ) )
(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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20 single-crystal Si layer on an insulating Layer. A device usi ng
this SO substrate has nmany advant ages that cannot be achi eved by
ordinary Si substrates. Exanples of the advant ages are as foll ows.
(1) The integration degree can be increased 25 Dbecause dielectric

I solation is easy. (2) The radiation resistance can be

I ncreased

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

5 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.

10 ~ 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

15 semiconductor 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

20 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

25 ~ to 10 um thick can be fabricated by the same

fabrication apparatus. ———
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(3) The operating speed of the device can be | I ncreased because the

stray capacitance is snall. (4) No well step is necessary.

(5) Latch-up can be prevented. 5 - (6) A conpletely depleted
field-effect transistor can be fornmed by thin filmformation.

Since an SO structure has the above various advant ages, - resear ches
have been nmade on its formation met hod for several decades. 10

As one SO technol ogy, an SCS (Silicon On Sapphire)

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-

o9 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

10 fabrication cost can be largely reduced and the
fabrication process is also simple.

In the above technologles however, when the two
bonded substrates are separated it is necessary to
prevent damages to the substrates and protect the

_15 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
20 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
25 the separating apparatus.

According to the present invention, there is
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technol ogy by which Si is heteroepitaxially grown on a si ngl e-crystal
sapphire substrate by CvD (Chem cal Vapor Deposi tion) has been known
for a long tinme. This SOS t echnol ogy was once recogni zed as the nost
matured SO 15 technol ogy. However, the SCS technol ogy has not been put
into practical use to date because, e.g., a |arge anount of crystal
defects are produced by lattice m smatch in the interface between t.he
Si. | ayer and the underlying sapphire substrate, alum numthat forns
the sapphire 20 substrate mixes in the Si layer, the substrate is
expensive, and it is difficult to obtain a |arge area. Vari ous
SO technol ogprayideded SePhoaliggt ABDSCE-US fon asmegiédng Bor these SO

t echnol ogi es, vari ous_net hods . . .
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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.have been exam ned aimng at reducing crystal defects or 25 manufacturing

cost. There are a nethod of inplanting oxygen ions into a substrate to
forma buried oxide 3
| ayer, a nethod of bonding two wafers via an oxide film and pol i shing

or etching one of the wafers to | eave a

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-

5 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

10 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

15 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

20 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.

25 In the separating apparatus, preferably, at least

one of the pair of holding portions has a contact-
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thin single-crystal Si layer on the oxide film and a met hod of
I npl anting hydrogen ions to a predeterm ned 5 depth fromthe surface of
an Si substrate having an oxide film bonding the Si substrate to the

ot her

substrate, and peeling the latter substrate (the other

.substrate) by a heat treatnent while leaving a thin single-crystal S
| ayer on the oxide film 10 The present applicant has disclosed a

new SO

technol ogy in Japanese Patent Laid-Open No. 5-21338. In

this technol ogy, a first substrate obtained by form ng a non- porous

single-crystal layer (jnc]udin singl e-grystal Si ) on
si ngl e- cr yst aPOT §50n sWR €13 nGef %rl%ﬁﬂxﬁqgﬂ%%th§9l g%aPpots § Lyer i s bonded

10

15

20

25

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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'to a second substrate via an insulating layer (SiQ), and the two

substrates are separated fromthe porous | ayer to transfer the

non- porous single-crystal layer to the second substrate. This

technol ogy is advantageous in 20 that the SO |ayer has high film

t hi ckness uniformty, the crystal defect density in the SO |ayer can
be decreased, the SO |ayer has high surface planarity, no

expensi ve special fabrication apparatus is necessary, and SO
substrates having SO filnms about a few hundred 25 to 10 [err]mthick
can be fabricated by the sanme fabricatjon appara

According to the present invention, %%%re 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

5 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

10 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

15 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

20 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

25 portion, and the sample is held by bringing the contact

portion into contact with the sample. The contact
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4 - In addition, the present applicant has discl osed

anot her technol ogy in Japanese Patent Laid-Qpen No. 7-302889 in mhlch,
after the first and second substrates descri bed above are bonded, the
first substrate is 5 separated fromthe second substrate w thout

br eaki ng, and the separated first substrate is reused by

snoot heni ng the surface and again form ng a porous

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 suprrt 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
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layer. Since the first substrate can be economically used, this
technol ogy has the advantages that the 10 fabrication cost can be largely
reduced and the fabrication process is also sinple. In the
above technol ogi es, however, when the two bonded substrates are '
separated it is necessary to - prevent damages to the substrates and
protect the 15 fabrication apparatus and the |ike from contam nation
caused by the generation of particles. SUMVARY OF
THE | NVENTI ON The present invention has been made in

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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20 consideration of the above situation, and has as its object to

provi de a separating apparatus and net hod suitable to separate a

sanpl e such as a substrate, a sanpl e support apparatus used in this

separating

the separating apparatus.

there is

10

15

20

25

apparatus, and a substrate manufacturing nethod using 25
According to the present inventian,

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. |

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
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.

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
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
plate-like sample having an internal fragile layer at

the fragile layer, characterized by comprising a jet
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provi ded a separating apparatus for separating a pl ate-1i ke sanpl e

having an internal fragile | ayer at the fragile |layer, characterized
by conprising a jet unit for ejecting a fluid to the sanple, and a
pair of 5 hol ding portions opposing each other to sandw ch and hol d
the sanple, wherein the pair of holding portions hold the sanple to
allow the sanple to expand at a vicinity of a central portion due to a
pressure of the fluid ejected fromthe jet unit and injected into the
10 sanpl e. According to the present invention, there is also

10

15

20

25

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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provi ded a separating apparatus for separating a pl ate-1i ke sanpl e

having an internal fragile | ayer at the fragile |layer, characterized
by conprising a jet 15 wunit for ejecting' a fluid to the sanple, and a
pair of hol di ng portions opposing each other to sandw ch and . hold
t he sanple, wherein the pair of holding portions hol d the sanpl e which
can corrugate due to a pressure of the fluid ejected fromthe jet unit
and injected into 20 the sanple. In the separating apparat us,
preferably, at |east one of  the pair of holdln% QOFtIOﬂS has a hol | ow
cont act port i &7, tRAJSEPRTIGHRS SRRATANYS P thleRFENGRENRE cBRBact

ortion into contact w the sanpl e. The contac
P pair of hoighng portlons preferégiy Encludes an elastic

member and deforms due to a force inflicted by the
sample. ..

5 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 the separating apparatus, at least one of the

10 holding portions preferably has an elastic member at a
portion which can contact the sample.

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

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

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

20 portion about a shaft perpendicular to a surface of the
sample.

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

25 In the separating apparatus, preferably, in

separating the sample by the fluid, the adjustment
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25 portion may conprise a nultiple of contact portions.

separating apparatus, preferably, at |east

In the

REPLACEMENT SHEET - 6- one of the
pai r of holding portions has an annul ar contact portion, and the
sanple is held by bringing the contact portion into contact with the
sanpl e. The contact portion nmay conprise a multiple of contact-

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-

5 mechanism maintains a substantially constant interval

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.

10 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,

15 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

20 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

25 of the pair of holding portions has a smooth convex

support surface, and the sample is held by the support
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5 portions. In the separating apparatus, preferably, at |east

one of the pair of holding portions has one or a plurality of
stri pe-shaped contact portions, and the sanple is held by bringing the
contact portion into 10 contact with the sanple. In the
separating apparatus, preferably, at |east one of the pair of holdlng
portions has one or a plurality of arcuated contact portions, and the
sanpl e is held by bringing the contact portion into contact 15 with
t he sanpl e. In the separating apparatus, preferably, at |east
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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one of the pair of holding portions has one or a ~plurality of

projecting contact portions on a main body surface, and the sanple is
hel d by bringing the contact 20 portion into contact with the sanple.

In the separating apparatus, preferably, at |east one of the pair of
hol di ng portions has a radial contact portion, and the sample is held
by bringing the contact portion into contact wwth the sanple. 25

In the separating apparatus, preferably, at |east one of the pair of

holdlng portions has a contact
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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portion which cones into contact with a peri pheral portion of the
sanple, and the sanple is held by bringing the contact portion into
contact with the sanple. Preferably, the contact portion can contact

t he 5 whol e peripheral portion of the sanple. The separating
apparatus preferably further conprises a rotary mechanismfor rotating
t he hol di ng portion about a shaft perpendicular to a surface of the

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

5 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

10 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, characterized in that the above separating

15 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

20 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

25 consideration of the above situation, and has as its

object to provide a separating apparatus and method

—_—
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sanple. 10

The separating apparatus preferably further

conpri ses an adj ustnent nechani smfor adjusting an. I nterval between
the pair of holding portions. In the separating apparat us,
preferably, in . separating the sanple by the fluid, the adjustnment 15
mechani sm presses the sanple to adjust the interval bet ween the pair
of hol di ng portions. In the separating apparatus, preferably, in
separating the sanple by the fluid, the adjustnent mechani sm mai nt ai' ns

a substantially constant interval 20 between the pair of holding portions.
I n the separatd o APRAMY Wepdtatke haP1litee@¢ReOdample represented by

10

15

20

25

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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the pair of holding portions has a chuck nechani smfor

t he sanpl e.

| ayer .

10

15

20

25

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.

vacuum chucki ng
The separating apparatus is suitable for processing

25 of separating a substrate having a porous |ayer as the fragile
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According to the present invention, there is also _ provi ded a support

apparatus for supporting a sanpl e, which is used in a separating
apparatus for separating a pl ate-1i ke sanpl e having an internal
fragile | ayer-at 5 the fragile |ayer, characterized by conprising a pair
of hol di ng portions opposing each other to sandw ch and hol d
the sanple, wherein the pair of holding portions ' hold the sanple to
all ow the sanple to expand at a vicinity of a central portion due to
a pressure of a 10 fluid ejected froma jet unit arranged in the
separating C t

According to the preséﬁi nta'tgn8 Eﬁg?EQng'h€héa§g&éﬁﬁ(%ﬁ%ﬂi¥za support

apparatus for ﬁ%ﬂﬂ%yﬁlﬂﬁéf%rﬁﬁﬂglﬁas a shape allowing the sample to
deflect and corrugate on a side of the second holding
portion due to the pressure of the fluid injected into
5 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

10 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 strengthe.

15 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

20 ejecting a fluid to a predetermined 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

25 separating the sample, the fluid is ejected to the

fragile layer.
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which is used in a separating apparatus for separating a 15 plate-like

sanple having an internal fragile |ayer at the fragile |ayer,
characterized by conprising a pair of “hol di ng portions opposing each
ot her to sandw ch and hol d the sanple, wherein the pair of "hol ding
portions hold the sanple to allow the sanple to corrugate due to 20
a pressure of a fluid ejected froma jet unit arranged in the
separating apparatus and injected into the sanpl e. In the
support apparatus, preferably, at |east one of the pair of holding

portions has a hol heMbsaihg@cto @i Mddm inveatiba,sahpre is Aesd by
bringing the contact
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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portion into contact with the sanple. The contact

portion may conprise a nultiple of contact portions. In the
support apparatus, preferably, at |east one of the pair of holding
portions has an annul ar contact portion, and the sanple is held by

bringi ng the contact 5 portion into contact with the sanple. The contact

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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portion may conprise a nultiple of contact portions.

In the

support apparatus, preferably, at |east one of the pair of hol ding
portions has one or a plurality of stripe-shaped contact portions, and

the sanple is
t he sanpl e

of the pair of holding portions has one or a plurality

10 held by bringing the contact portion into contact with
In the support apparatus, preferably, at |east one

contact portions, and the sanple is held by 15 bringing the contact
portion into contact with the sanpl e. In the support

apparatus, preeikebhyatat theasbmpbSite substrate, wherein in the

10

15

20

25

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

of arcuated
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of the pair of holding portions has one or a pIurallty of projecting
contact portions on a main body surface, 20 and the sanple is held by

bri ngi ng the contact portion into contact with the sanple.
In the support apparatus, preferably, at |east one of the pair of
hol di ng portions has a radial contact portion, and the sanple is held

by bringing the contact 25 portion into contact with the sanple.
In the support apparatus, preferably, at |east one

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. -

5 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.
10
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;
15 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

20 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

25 portions according to the first example of the first

embodiment ;
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.of the pair of holding portions has a contact portion whi ch cones into
contact with a peripheral portion of the sanple, and the sanple is
hel d by bringing the contact portion into contact with the sanple. 5
Preferably, the contact portion can contact the whole peri pher al
portion of the sanple. The support apparatus preferably further
conpri ses a rotary nmechanismfor rotating the holding portion
about a shaft perpendicular to a surface of the sanple.

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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10 The support apparatus preferably further conprises an

adj ust nrent mechani sm for adjusting an interval bet ween the pair of
hol di ng porti ons. In the support apparatus, preferably, in
separating the sanple by the fluid, the adjustnent nmechanism 15
presses the sanple to adjust the interval between the pai r of hol ding
portions. In the support apparatus, preferably, in separating
the sanple by the fluid, the adjustnent mechani sm mai ntai ns a
substantially constant interval between the 20 pair of holding portions.
In the suppor tgRRaMaLEs, preferably, each of the pai r of hol ding
portions has. a chuck mechani sm for

Fig. 15 is a perspective view showing a

modification of the substrate holding portioﬁs according
to the fourth example of the first embodiment; - -

5 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

10 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

15 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;

20 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

25 to the sixth example of the first embodiment;

Fig. 23 is a perspective view showing still another

e
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vacuum chucki ng the sanpl e. The support apparatus is suitable as
a support 25 apparatus for supporting a substrate having a porous

| ayer as the fragile |layer during separation processing.

-11- According to the present invention, there is also

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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provided a sanple separating nethod characterized by conpri sing

separating a sanple having a fragile |ayer usi ng the above separatlng
appar at us. 5 In the separating nmethod, preferably, water is used
as the fluid to be ejected fromthe jet unit. According to the
present invention, there is also - provi ded a separating nethod of
separating a substrate at a porous |layer, the substrate being forned
by bonding 10 a non-porous |ayer side of a first substrate, in which

t he porous |ayer and the non-porous |ayer are sequentially formed on
one surface, to a $8eQnNd2 is asebstiehal ehaw ashHa@virked modifdicatienabove
separati ng apparatus is used for separation.

of the substrate holding portions accordlng 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
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15 According to the present invention, there is also provi ded a

substrate manufacturing nmethod characterized by conprising the step of
bondi ng a non-porous | ayer side X a first substrate, in which a
porous | ayer and ~ the non-porous |layer are sequentially fornmed on one
20 surface, to a second substrate, and separating the bonded
substrates at the porous |ayer, wherein the above separati ng apparatus
is used in the separation step. . According to the present

i nvention, there is also provi ded a separating apparatus for

separating a 2y tHd alRonidkexaaplkeohavhddsédondtaibbdinfenagi | e | ayer at
the fragile |layer, characterized by conprising a jet

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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-12- unit for ejecting a fluid to the sanple, and a pair of
hol di ng portions opposing each other to sandw ch and hol d t he sanpl e,
wherein the pair of hol ding portions all ow the sanple to warp as the
sanple is divided into 5 two parts by a pressure of the fluid ejected
fromthe jet unit and injected into the sanple and sinultaneousty

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
5 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
10 single-crystal Si layver 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
15 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,
20 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
25 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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limit a warp anount. In the separating apparatus, preferably, at
| east one of the pair of holding portions has a snboth convex 10
support surface, and the sanple is -held by the support surface.

In the separating apparatus, the support surface preferably
substantially conprises part of a spherical surface. 15 1n the
separating apparatus, the support surface preferably conprises a
surface formed by a cone with a convex vertex. In the
separating apparatus, the support surface

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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preferably substantially conprises a surface formed by a 20

cone.

In the separating apparatus, the support surface

preferably conprises a snooth convex surface fornmed by a stack of
several frustuns. In the separating apparatus, the support
surface 25 preferably conprises a convex surface forrred by a stack~"

of several

10

15

20

25

col umms.

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

frustumof a
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- 13- In the separating apparatus, at |east one of the pair

of hol ding portions preferably includes an elastic menber and def orns
due to a force inflicted by the sanpl e. 5 In the separating
apparatus, preferably, at |east one of the holding portions has a
support portion partially consisting of an elastic material, and the
sanple is held by the support portion. In the separating
apparatus, at |east one of the 10 holding portions preferably has an

el astic nenber at a portion which can contact the sanple.

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

5 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

10 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

15 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

20 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

25 used.

In this embodiment, to facilitate processing of
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In the séparating apparatus, at |east one of the - hol ding portions

preferably has an annul ar support portion consisting of an elastic
menber. 15 In the separating apparatus, at |east one of the
hol di ng portions preferably has a support portion coupled to a main
body via an el astic nenber. The separating apparatus preferably
further conprises a rotary nechanismfor rotating the holding 20
portion about a shaft perpendicular to a surface of the sanpl e.

The separating apparatus preferably further. conprises an adj ust nent

mechani sm f or RFidisld MecARubstrates and separating them, a porous Si

layer 12 having a fragile structure is formed in the

separation region. In place of the porous layer, a

10

15

20

25

microcavity layer may be formed. A microcavity layer can
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
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
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]
[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
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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I nterval between the pair of holding portions. 25 In the separating
apparatus, preferably, in separating the sanple by the fluid, the

adj ust nment

REPLACEMENT SHEET

LI FEMR 1999 - 14 - nmechani sm pr esses
the sanple to adjust the |nterval bet ween the pair of hol ding
portions. In the separating apparatus, preferably, in

separating the sanple by the fluid, the adjustnent
coating film from 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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5 nmechani sm mai ntains a substantially constant interval bet ween t he
pair of hol ding portions. In the separating apparatus, each of

the pair of

hol di ng portions preferably has a chuck nmechani sm for

vacuum chucki ng the sanple. 10 The separating apparatus is suitable
for processing of separating a substrate having a porous |ayer as the
fragile | ayer. According to the present invention, there is also
provi ded a support apparatus for supporting a sanple, 15 which is used in
a separating apparatus for separating a pl ate-1i ke sanpl e having an

internal fragiliBstAy€E @iy be cldhdd agitlee awpletebar 8£t epaest on
conprising a pair of

10

15

20

25

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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hol di ng portions forlsandmﬁching and hol di ng the sanpl e, wherein the
pair of holding portions all.ow the sanple to 20 warp as the sanple is
divided into two parts by a pressure of the fluid ejected froma jet
uni t arranged in the separating apparatus and injected into the sanple
and sinmultaneously limt a warp anmount. In the support
apparatus, preferably, at |least one 25 of the pair of holding portions has
? igno}? convex support surface, and the sanple is held by the support
- 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
5 produced, and damages to substrates decrease. In
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
10 vV-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
15 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
20 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 su£face, a force is applied inward from the side
surface of the bonded substrate stack, as indicated by

25 an arrow 24. In the bonded substrate stack having a

convex side surface, the separation force does not act
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.surface. In the support apparatus, the support surface
preferably substantially conprises part of a spherical surface. 5
In the support apparatus, the support surface preferably conprises a
surface formed by a cone with a convex vertex. In the
support apparatus, the support surface preferably substantially-
conprises a surface forned by a 10 frustum of a cone. In the
support apparatus, the support surface

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
5 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
10 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
15 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
20 * 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
20 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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preferably conprises a snooth convex surface fornmed by a stack of

several frustuns. In the support apparatus, the support surface
15 preferably conprises a convex surface fornmed by. a stack of severa
col ums. In the support apparatus, at |east one of the pair

of holding portions preferably includes an elastic menber and def orns
due to a force inflicted by the 20 sanple. In the support
apparatus, preferably, at |east one of the holding portions has a
support portion partially consisting of an elastic material, and the
sanple is long rectangular section, the jet can be eff1c1ent1y

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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hel d by the support portion. 25 In the support apparatus, at |east

one of the hol di ng portions preferably has an elastic nenber at a
-16 - portion which can contact the sanple. : In the
support apparatus, at |east one of the hol di ng portions preferably has

an annul ar support

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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portion consisting of an el astic nmenber. 5 In the support
apparatus, at |east one of the hol ding portions preferably has a
support portion coupled to a main body via an el astic nenber.

The support apparatus preferably further conprises a rotary mechani sm
for rotating the holding portion .10 about a shaft perpendicular to-a
surface of the sanple. The support apparatus preferably further
conpri ses an adj ustnment nechani smfor adjusting an interval

between the pair of holding portions. In the support apparatus,
preferably, in separating 15 the sanple bﬁ the fluid, the adjustnent
mechani sm seppsabangt AEPIERBrR %Qpadﬁﬁs i FeSPRREAL LMY RRRRIEA Yhe

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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pair of holding portions. _ In the support apparatus, preferably,
I n separating the sanple by the fluid, the adjustnent nmechanism 20
mai ntains a substantially constant interval between the pair of
hol di ng porti ons. I n the support apparatus, each of the pair of
hol di ng portions preferably has a chuck nmechanism for vacuum chucki ng
the sanple. 25 The support apparatus is suitable as a support
apparatus for supporting a substrate having a porous

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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17 - | ayer as the fragile layer during separation processing.
According to the present invention, there is also provi ded a sanpl e
separating method characterized by conpri sing separating a sanple
having a fragile | ayer 5 using the above separating apparatus.

In the separating nmethod, water is preferably used as the fluid-to be
ejected fromthe jet unit. According to the present invention,
there is al so

_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. The pressing force is 
preferably about 100 to 2000gf. 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
150.

15 A jet medium (e.g., water) is sent from a pump 114
to a nozzle 102, and proceséing walts 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

20 101. At this time, the bonded substrate stack 101 is
rotated by the motor 110. The rotaxry shaft 104,
substrate holding portion 120, bonded substrate stack
101, substrate holding portion 150, and rotary shaft.103
integrally rotate.

25 When the jét igs injected, a separation force due to

- the pressure of the jet medium continuously injected.
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provi ded a separating nethod of separating a substrate 10 at a porous

| ayer, the substrate being formed by bonding a non-porous |ayer side
of a first substrate, in which t he porous |ayer and the non-porous

| ayer are sequentially formed. . on one surface, to a second _
substrate, characterized in that the above separating 15 apparatus-is
used for separation. According to the present invention, there is
al so provi ded a substrate manufacturing nmethod characterized by
conprising the step of bonding a non- porous | ayer | side of a first

subet e "SRR, BEERE LRVEE, il 20 o ROk LSRR o
separating th%n 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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bonded substrates at the porous |ayer, wherein the above separating
apparatus is used in the separation step. The present invention
has been nade in 25 consideration of the above situation, and has as its
object to provide a separating apparatus and net hod

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 ~
5 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,

10 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

15 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

20 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 10l can -
corrugate in separation processing. When the substrate
holding portions 121 and 151 having this structure are

25 employed, the separation force can efficiently act

inside the bonded substrate stack 101.
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suitable to separate a plate-like sanple represented by a substrate

such as a bonded substrate stack, and a substrate manufacturing net hod
to which the apparatus or nmet hod is applied. 5 According to
the present invention, there is provi ded a separating apparatus for
separating a pl ate-1i ke sanple, characterized by conprising a jet

unit for ejecting a fluid for separating the sanple to t he sanple, and
first and second hol ding portions for 10 sandw ching and hol ding the
sanpl e, wherein the first and second hol di ng portions have hol ding

;lrj(ra; ngfﬂ \;,VI t Phe fif v\ﬂItH ?:ﬁn%nhsﬁhgﬁeﬁhe substrate lﬁbf&gs‘i}&"ﬁtddgg 1@Rpar at us,

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

5 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.

10 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

15 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

20 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

25 portions at which the substrate holding portions are in

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

i
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hol di ng portion holds one surface of the sanple to make 15 ' a deflection

anount of the one surface due to a pressure of the fluid injected into
the sanple relatively small, - and the second hol ding portion holds the
ot her surface of the sanple to make a defl ection anount of the other
surface due to the pressure of the fluid relatively 20 |arge.

In the separating apparatus, preferably, the first hol di ng portion

hol ds one surface of the sanple not to cause the one surface to

defl ect due to a pressure of the fluid injected into the sanple, and

the second 2% Jholdind.BRLL! 8F LoLdReddl® Qoliior Waliatg 8f pbliGoSATR! © 1O -

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
5 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

10 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

15 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

20 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

25 ‘"nodes" at a circumferential portion sandwiched by the

contact portions 126a and 1l56a and a portion sandwiched
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cause the other surface to deflect due to the pressure

-19 - ~of the fluid. In the separating apparatus, the
hol di ng surface of the first holding portion and the hol di ng surface
of the second hol ding portion preferably have different areas. 5

In the separating apparatus, preferably, the first

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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hol di ng portion has a hol ding surface for wholly hol di ng one surface

of the sanple, and the second hol di ng portion has a hol ding surface
for partially holding the ot her surface of the sanple. 10 I n

t he separating apparatus, the holding surface of the first hol ding
portion preferably conprises a flat surface. In the ~
separating apparatus, the holding surface of the first holding portion
preferably conprises a curved 15 surface. In the separating
appar atus, the hol ding surface of t he second hol ding portion is

preferably anggbaﬁe arranged In the separating apparatus, preferably, the
second ) _

[Third Example of Substrate Holding Portion]
Fig. 12 is a perspective view showing the
arrangement of substrate holding portions according to
5 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
10 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
15 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,
20 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
25 101 can be prevented from breaking because of a portion

of the porous layer, where the mechanical strength is
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hol di ng portion has a plurality of projecting nenbers, 20 and the sanple
is held by tips of the plurality of proj écti ng nenbers. I n
t he separating apparatus, the second hol ding - portion preferably has a
shape allow ng the sample to defl ect while expanding at a centra
portion on a side 25 of the second holding portion due to the presSure of
t he fluid injected into the sanple.

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

5 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
10 rantinodes" 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

15 120 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

20 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

25 breaking.

[Fourth Example of Substrate Holding Portion]
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- 20- In the separating apparatus, the second hol di ng

portion preferably has a shape allowing the sanple to defl ect and
corrugate on a side of the second hol di ng portion due to the pressure
of the fluid-injected.into 5 the sanple. The separating
apparatus preferably further conprises a rotary nechanismfor rotating
at | east one of the first and second hol di ng portions about a shaft
per pendi cular to the holding surface to rotate the 10 sanple.

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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In the separating apparatus, preferably, the sanple to be processed

conprises a substrate fornmed by bondi ng- first and second substrates,
and the first and second substrates have different strengths. 15
According to the present invention, there is also provi ded a
separating method of separating a plate i ke sanpl e, characterized by
conprising holding the sanple - by sandwi ching the sanple by a pair of
hol di ng portions havi ng hol di ng surfaces with different shapes, and
20 ejecting a fluid to a predeterm-ned position in a di rection of

thi ckness of the sasplfrmtitey dpvovepanabbngnd 129d hin sei®lexcuated
contact portions 129a and 129c, respectively (this also
applies to the substrate holding portion .159), the jet
medium pressure can be prevented from excessivély'

5 increasing inside the bonded substrate stack 101. 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.

10 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.

- 15 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

20 130. 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. |

25 [Fifth Example of Substrate Holding Portion]

Figs. 16 and 17 are views showing the arrangement
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In the separating nethod, preferably, the sanple to be separated has
~an internal fragile layer, and in 25 separating the sanple, the fluid is
ejected to the fragile | ayer.

-21- According to the present invention, there is also

provi ded a separating nmethod of separating a plate-Ilike N

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 portiens- 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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sanpl e having an internal fragile |ayer at the fragile | ayer,
characterized by conprising the separation step 5 of ejecting a fluid to
the fragile | ayer of the sanple to separate the sanple, wherein in the
separation step, one surface of the sanple is held to make a

defl ection anount due to a pressure of the fluid injected into the
sanple relatively snmall and the other surface of the 10 sanple is held to
make a defl ection anmobunt due to the pressure of the fluid injected
into the sanple relatively | arge. - According to the present

i nvention, thEs,@xw Btifple of BHubstdedeapegaangt bogti®hhod of separating a
plate-like 1 sanple having an internal fragile |layer at the fragile
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’

5 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
10 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
15 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
20 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.
25 With the use of the substrate holding portions 132

and 162, the bonded substrate stack 101 is completely
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| ayer, characterized by conprising the separation step of ejecting a
fluid to the fragile layer of the sanple to separate the sanple,
wherein in the separation step, one surface of the sanple is held to
limt deflection 20 due to a pressure of the fluid injected into the
sanpl e and the other surface of the sanple is held to all ow

defl ection due to the pressure of the fluid injected i nto the sanple.
The separating nethod preferably further conprises 25 rotating the sanple
about a shaft perpendicular to a maj or surface of the sanple in

separating thseﬁngééatQh about 80 sec after 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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-22 - the fluid. In the separating nethod, preferably,
the sanple to be processed conprises a sanple fornmed by bonding first
and second substrates, and the first and second 5 substrates have

di fferent strengths. According to the present invention, there is
al so ~provided a separating nethod of separating a conposite

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
5 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
10 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
15 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

20 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"

25 near the central portion of the bonded substrate stack

101, so the separation force can efficiently act on the
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substrate which has a fragile | ayer between a first substrate having a
relatively low strength and a second 10 substrate having a relatively
hi gh strength, at the fragile | ayer, characterized by conprising the
separation step of ejecting a fluid to the fragile |ayer to separate
the conposite substrate, wherein in the separation step, the first
substrate is held to nake a 15 deflection anount due to a pressure of the
fluid injected into the conposite substrate relatively small and
t he second substrate is held to nake a defl ection anmount due to the

pressure of thadddd dubyreetedsitAbkR 101. the conposite substrate relatively
arge. 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 saﬁples.

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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20 According to the present invention, there is also provi ded a

separating nethod of separating a conposite substrate which has a
fragile | ayer between a first - substrate having a relatively | ow
strength and a second substrate having a relatively high strength, at
the 25 fragile |ayer, characterized by conprising the separation
step of ejecting a fluid to the fragile |ayer

-23 -

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
5 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
10 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
15 Dbonded 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
20 . 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
25 41D.

The substrate holding portions 1120 and 1150 are
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to separéte the conposite substrate, wherein in the separation step,

the first substrate is held to limt defl ection due to a pressure of
the fluid injected into t he conposite substrate and the second
substrate is held 5 to allow deflection due to the pressure of the fluid
I njected into the conposite substrate. According to the présent

I nvention, there is al so provi ded a substrate manufacturing nethod
characterized by conprising the step of bonding a non-porous |ayer 10
side of a first substrate, in which a porous |ayer and t he non- porous

| ayer are seqpeskibat! ¥nf Eheesaid Bdary axislr f @68, stbserses ashsulpt rat e,
and separating the
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
5 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

10 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

15 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.

20 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

25 mechanisms, respectively. The suction portions 1181 and

1182 communicate with rotary seal'portions 104a and 103a

ot Has Been Replaced

e \\\l\\\\\l\l\\\\\l\l\\\\\

THIS SHEET HAS BEEN
REPLACED




bonded substrates at the porous | ayer, wherein any one of the above
-separating apparatuses is used in the 15 separation step.

According to the present invention, there is also provided a substrate
manuf act uri ng nmet hod characterized by conprising bondi ng a non-porous
| ayer side of a first substrate, in which a porous |layer and thé
non-porous 20 |ayer are sequentially fornmed on one surface, to a

second substrate, and separating the bonded substrates at the porous

| ayer, wherein the separation step is execut ed usi ng any one of the

above nethodscnrough the ASERFH skafis tiva RERSANB, | Peepetoiveler eis al so
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

e
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25 provided a hol ding apparatus for holding a sanple in ejecting a
fluid to a predeterm ned position in a :

REPLACEMENT SHEET -24 - direction
of thickness of the sanple to separate the sanpl e, characterized in

that the sanmple is held by a pai r of holding portions whose hol di ng

surfaces for hol ding the sanpl e have different shapes.

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.
5 1In 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
10 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
15 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
20 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
25 separated into two substrates in about 2 min.

When the bonded substrate stack 101 is separated
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5 Further objects, features and advantages of the pr esent

I nvention will becone apparent fromthe follow ng detail ed description
of enbodi nents of the present invention with reference to the
acconpanyi ng drawi ngs. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Figs. 1A to 1E are views for explaining a nethod” of
manuf acturing an SO substrate according to the first enbodi nent of
the present invention; 15 Fig. 2 is a view showi ng the schematic

ar r angenent of a separating apparatus according to the first

enbodi nent of ihhe pwessubstrakesi orhe 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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Fig. 3 is a perspective view of substrate hol di ng portions according

to the first exanple of the first 20 enbodinent; Fig. 4is a
front view of the substrate hol ding portion according to the first
exanple of the first enbodi nent ; Fig. 5is a sectional view

of the substrate holding 25 portions according to the first exanple of
the first: enbodi nent ;

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.

5 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

10 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

15 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

20 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

25 the pressure (separation force) of the jet medium |

injected into the bonded substrate stack 101, as shown
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Fig. 6 is a view showng a nodification of the substrate hol di ng
portion according to the first exanple of the first enbodi nent;
Fig. 7 is a view showi ng anot her nodification of 5 the substrate hol di ng
~portion according to the first exanple of the first enbodi nent;
Fig. 8 is a view showng still another nodification of the substrate
hol di ng portion according to the first exanpl e of the first
enbodi ment ;

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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10  Fig. 9is a view showing still another nodification of the

substrate hol ding portion according to the first exanpl e of the first
enbodi nment ; Fig. 10 is a front view of a substrate hol di ng
portion according to the second exanple of the first 15 enbodinent;

Fig. 11 is a sectional view of the substrate hol di ng portions
according to the second exanple of the first enbodi nent;

Fig. 12 is a perspective view of substrate holding 20 portions according
to the third exanple of the first enmbodi nent;

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

5 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

10 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.

15 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

20 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

25 and 1155 shown in Figs. 36 and 37 replace the substrate

holding portions 1120 and 1150 shown in Fig. 28,
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Fig. 13 is a perspective view showi ng a nmodi fication of the substrate

enbodi nent ;

- 26-

hol di ng portions according to the third exanple of the first
25 Fig. 14 is a perspective view of substrate hol di ng
portions according to the fourth exanple of the first
enbodi nent ;
respectively.

10

15

20

25

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.

This Sheet Has Been Rep

T e [T

REPLACED




Fig. 15 is a perspective view show ng a nmodi fication of the substrate

hol di ng portions according to the fourth exanple of the first

enbodi nment ; 5 Fig. 16 is a perspective view of substrate hol di ng
portions according to the fifth exanple of the first enbodi nment ;

Fig. 17 is a front view of the substrate hol di ng portion according to
the fifth exanple of the first 10 enbodi nent; . Fig. 18 is a
perspective view of substrate hol ding portions according to the sixth
exanple of the first enbodi nent ; Fig. 19 is a front view of

the substrate h0|dhﬂgn the bonded substrate stack 101 is held as it
is capable of warping, the separation force can be
.efficiently applied, so separation processing can bé
efficiently performed. In addition, when the warp amount
5 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
10 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
15 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
20 holding éortions 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
25 in Fig. 38, annular second support portions 1126b and

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

e —————
———
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15 portion according to the sixth exanple of the first enbodi nment ;

Fig. 20 is a perspective view show ng a nodi fi cation of the substrate
hol di ng portions accordi ng ~to the sixth exanple of the first

enbodi nent; 20- Fig. 21 is a perspective view show ng anot her

nodi fication of the substrate hol ding portions according to the-sixth
exanpl e of the first enbodi nent; Fig. 22 is a perspective view
showi ng still another nodi fication of the substrate hol ding portions
according 25 to the sixth exanple of the first enbodi nent; Fi g.

23 is a perspegiba®) \dv e @nsdilsk-ahkehEirst 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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-27- " nodification of the substrate hol ding portions according

to the sixth exanple of the first enbodi nent; Fig. 24 is a
perspective view showi ng still another nodi fication of the substrate
hol di ng portions according 5 to the sixth exanple of the first

enbodi nent ; Fig. 25 is a sectional view of substrate hol ding

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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portions according to the seventh exanple of the first enbodi nment ;
Fig. 26 is a sectional view of the substrate 10 hol ding portions accordi ng

to the seventh exanpl e of the first enmbodi nent; Figs. 27A
and 27B are views showing a force acting on a bonded substrate stack

i n the presence and absence of a V-shaped groove; 15 Fig: 28 is
a vi ew showi ng the schematic arrangenent of a separating apparatus
according to the second enbodi ment of the present invention;

Fig. 29 is a perspective- -view of substrate hol di ng portions according

to the first exanphe ¢fe!BGc8PCP0 ipheral 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

Sheet Has Been Replaced

T S 7 B e T

REPLAGED




20 enbodi nent ; Fig. 30 is a sectional view of the substrate

hol di ng portions according to the first exanple of the second
enbodi nment ; Fig. 31 is a sectional view of the substrate 25
hol di ng portions according to the first exanple of the second

enbodi nent; - -28 -

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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Fig. 32 is a sectional view show ng a nodification of the substrate

hol di ng portions according to the first exanpl e of the second

enbodi nment ; Fig. 33 is a sectional view show ng anot her 5

nodi fication of the substrate hol ding portions according to the first
exanpl e of the second enbodi nent; Fig. 34 is a sectional view
showi ng still another nodi fi cation of the substrate hol ding portions
accordi ng to the first exanple of the second enbodi nent; 10

Fig. 35 is a sectional view show ng still another nmodi fication of the

substrate holihRePUIBANBRCEREKNT 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
thé 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 pﬁevent 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

——— e
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to the first exanple of the second enbodi nent; Fig. 36 is a

sectional view showi ng a nodification of substrate hol di ng portlons
according to the second 15 exanple of the second enbodi nment;

Fig. 37 is a sectional view show ng anot her modi fi cation of the
substrate hol ding portions according to the second exanple of the
second enbodi nent ; Fig. 38 is a sectional view show ng stil
anot her 20 nodification of the substrate hol ding portions according

to the second exanpl e of the second enbodi nent; Fig. 39 is a

sectional vi eshehouthingt £brcanof hpet, the met fuskt benejecthd stbatrat e
hol di ng portions according
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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to the second exanpl e of the second enbodi nent; 25 Fig. 40 is a

sectional view showi ng still another nodi fi cation of the substrate
hol di ng portions accordi ng - -29-

to the second exanple of the second enbodi nent; Figs. 41A to 41E
are views show ng for expl aining anot her net hod of manufacturing an

SO substrate

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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according to the preferred enbodi nrent of the present 5 invention;

Fig. 42 is a view show ng the schematic arrangenent of a separating
apparatus according to the third enbodi ment 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 schematically show ng separation

pr ocessi ng; Fig. 45 is a view show ng the schematic arrangenent

of a separating apparatus of the first nodification; 15 Fig. 46 is a

vi ew showi ng the schenati c arrangenent
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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of substrate holding portions of a separating.apparatus

of the second

nodi fi cation; Fig. 47 is a view show ng the schematic arrangenent

of a substrate holding portion (on the first substrate
third nodification; and

20

side) of the

Fig. 48 is a view showi ng the schenatic

ar r angenent of the other substrate holding portion (on the second
substrate side) of the third nodification. 25 DETAI LED DESCRI PTI ON

OF THE PREFERRED EMBODI MENTS
i nvention will

Preferred enbodi nents. of the present

processing is made relatively 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

above-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 cah be limited

during separation processing and prevented from

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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30 - be described below with reference to the acconpanyi ng

dr awi ngs. Figs. 1A to 1E are views for explaining a nethod of
manuf acturing an SO substrate according to a preferred 5 enbodi nent of
t he present invention. Referring to Fig. 1A, a single-crystal S
substrate 11 is prepared, and a porous Si layer 12 is fornmed on-

between 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

5 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

10 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

15 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

20 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

25 larger than the diameter of the bonded substrate stack

101, and additionally, the chucking surface is
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the surface of the single-crystal Si substrate 11 by anodi zi ng.
Referring to Fig. 1B, a non-porous 10 single-crystal Si layer 13 is

epitaxially grown on the porous Si layer 12. Wth this process, a

first substrate 10 i s forned. Referring to Fig. 1C, a second
substrate 20 havi ng an insulating layer (e.g., an SiJerr] layer) 15
formed on 15 the surface of a single-crystal Si substrate 14 is

prepared. The first substrate 10 and the second substrate 20 are
brought into contact with each other at roomterrpe'rature such that the

Ater this,  PeeterebirBede bich 48 Sipdok TS Bt HlRLelE 89,0700
the first substrate 10la. However, 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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bonded by anode bondi ng, pressing, heating, or. a conbi nati on thereof.
Wth this process, the non-porous single-crystal Si layer 13 and the
i nsulating | ayer 15 are firmy bonded. The insulating |ayer 15 may be
formed 25 on the single-crystal Si substrate 14 side, as described
above, on the non-porous single-crystal Si |ayer 13 as :

31 -

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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wi Il be described |later, or on both the single-crystal Si substrate 14

and the non-porous single-crustal Si | ayer 13 sides as far as the
state shown in Fig. 1Cis obtai ned 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 1ayer
12. The second substrate side (10" + 20) has a multil ayered
structure of a porous Si |ayer 12", single-crystal Si 10 | ayer 13,

i nsul ating |ayer 15, and single-crystal Si . substrate 14. On the first

substrate sidgi 4% Jrotited byP@heUsoBor! ayer WY tifsf aimed ahet he
single-crystal S
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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Substrate 11. After separation, the remaining porous Si |ayer 12

15 is renoved fromthe 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 formng a first substrate 10.
After the bonded substrate stack is separated, in 20 Fig. 1E, the porous
|l ayer 12" on the second substrate side (10" + 20) is selectively
renoved. Wth this process, a substrate having a multil ayered
structure of the single-crystal Si layer 13, insulating |ayer 15, and

single-crystal, 31 G118 & ditim-ctficked by nd! bHE L Eee 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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25 i s obtai ned. Figs. 41A to 41E are views for explaining another

-32 - nmet hod of manufacturing an SO substrate according to
the preferred enbodi nent of the present invention. Referring to

Fig. 41A, a single-crystal Si substrate 11 is prepared, and a porous
Si layer 12 is : '

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
5 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
10 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
15 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
20 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]
25 In this modification, the structure of each

substrate holding portion of the separating apparatus

—_—

——
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5 formed dn the surface of the single-crystal Si substrate 11 by

anodi zing. Referring to Fig. 41B, a single-crystal Si layer 13 as a
non- porous |ayer is epitaxially grown on the porous Si |ayer 12.
After this, the surface of the single-crystal Si layer 13 is oxidized
to forman 10 SiO2 layer 15. Wth this process, a first substrate 10

Is fornmed. Referring to Fig. 41C, a single-crystal S

substrate 14 is prepared as a second substrate 20. The first substrate

10 and the second substrate 20 are 15 brought into contact with each

other at room{EAPGLALUIE: pigs SYH tMAY §enShOEELE] 'AKET 45 Y Lhe first
Substrate 10

view showing the schematic arrangement of the substrate

holding portions of the separating apparatus of this

modification. In this separating apparatus, a substrate

5 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

10 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,

15 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

20 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

25 portion 2131 has an annular holding surface, the

substrate 10lc deflects while corrugating forming
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opposes the second substrate 20. The first substrate 10 and the second
substrate 20 are bonded by anode bondi ng, pressing, heating, or a
conbi nation thereof. Wth this 20 process, the second substrate 20 and
the SiQ2 |ayer .15 are firmy bonded. The SidJerr] |ayer 15 may be
formed on the single-crystal Si substrate 11 side, on the second
substrate 20, as descri bed above, or on both the single-crystal S
substrate 11 and the second substrate 25 20 sides as far as the state
shown in Fig. 41Cis obtained by bringing the first and second

substrates  epodes" 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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I nto contact. Referring to Fig. 41D, the two substrates bonded to
each other are separated at the porous Si |ayer 12. The second
substrate side has a nultilayered structure-of .a 5 porous Si |ayer 12",
single-crystal Si layer 13, Si(err] | ayer 15, and single-crystal Si
substrate 14. On the first substrate 10' side, the porous Si layer

12" is formed on the single-crystal Si substrate 11

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]

5 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

10 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

15 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.

20 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

25 substrate 10lc side is held by the projecting suction

portions 2132a, the substrate 101lc can easily deflect,
\\'\“

————

—
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After separation, the remaining porous Si layer 12' 10 is renoved 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 S
substrate 11 for formng a first substrate 10. After the
bonded substrate stack is separated, in 15 Fig. 41E, the porous |ayer 12"
on the second substrate side (10" + 20) is selectively renoved. Wth
this process, a substrate having a nultilayered structure of t he
single-crystal Si layer 13, insulating |ayer 15, and single-crystal S
:ggz;{jatsﬁbgfrﬁl?‘% }’P,%aﬁ-a'g%g trug.tn;'re%te 0:l.nto tc:)gealloonged substrateAS the

stack 101 can be efficiently discharged. To stably 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.
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single-crystal Si substrate, an insulating substrate (e.g. ,_m““_______
substrate of silica glass) or a transparent substTate (e.g

o TacHi [tate proaosal ng gt o 0 veed |'|II\I|H\\|1\I1|\HM\HI*IF’

bondi ng two substrates and separating them a porous Si *

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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| ayer 12 having a fragile structure is forned in the sepa

O

al

region. In place of the porous |ayer, a nicrocavit
formed. A microcavity layer can 5 be forned by, e.qg. ﬂ ﬂ!L
into a sem conduct or substrate. The substna

by the above

manuf act uri ng nmet hod can be applied not onIy to

manuf acture a sem conductor device but also to 10 nmanufacture a
m crostructure. In this enbodinment, in the step shown in Fig. 1D

or 41D,

to each ot her (to be referre

10

15

20

25

brfagidd 453 %dgﬁa%ft gﬁg‘% @h' Qgtg hEoh Q- S YRS qhRS

to a
sample.

4. The apparatus according to claim 3, wherein said
contact portion comprises a multiple of contact portions.

5. '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.

6. The apparatus according to claim 5, wherein said

contact portion comprises a multiple of contact portions.

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
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
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
body surface, and the sample is held by bringing said

contact portion into contact with the sample.

bonded
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substrate stack hereinafter), a separating apparatus for selectively

ejecting a high-pressure liquid or gas (fIU|d)—TU‘Tﬁe porous ayer
as a separation region is used to separate the snm“\m \’

two substrates at the separation region.

[ Basi ¢ Arrangenent of Separating Appar at us] Thi § separ ating
apparatus uses the water jet nmet hod. CGenerally, the water jet nethod
ejects a hi gh- speed, high-pressure stream.of water (when a hard

obj ect i's 10 by .ol qufin AhLASkYE LacAddedat eoVBIE 1RAN 5 23n gl ect to.

e.g., cut or process a céram c, ‘a’resin
rubber, or a wROd JBRHhe LETRYEAPpair of holding portlons has a

radial contact portion, and the sample is held by
bringing said contact portion into contact with the

5 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

10 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.

15 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

20 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

25 mechanism presses the sample to adjust the interval

between said pair of holding portions.
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REPLACENVENT SHEET - 35 - coati n_cL
filmfromthe surface, or clean the surface "Water Jet", Vol.

1, page 4, (1984)). Conventional ly, the vvater j et gmmlcmllls“ Hﬂ mm
perform t he above-described cutting, processing,

film or clean the surface mainly by partlally

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.

5 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

10 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:

15 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

20 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

25 the fragile layer comprising:

a pair of holding portions opposing each other to
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renoving the material . This separating apparatus ejects a——

hi gh- speed, hi gh- pressure streamof fluid to the poreus Tayer
(separation region) of the bonded substrate stack as a ‘“ﬂt \\ﬂ
structure portion in the direction of substrate ﬂm \{ Ively
break the porous |ayer, thereby separating the su ratetat"the por ous

| ayer. The stream - Wll be referred to as a jet herei nafter. The
fluid forming a jet will be referred to as a "jet nmediunmf. As 15 the

j et medium |tsar§3“g_@§|ablaehquuggeagaﬁf,ggm c sol vent such as water or
al cohol, an acid such as fluoric acid or nitric acid, an alkali such

as potassi um hydr oxiwitaredn saidgpaigucli B6l1ding poitiagen AR ter bonic acid
995, rare 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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gas, or an etching gas, or a plasma: 20 VWen this separati-ng—

apparatus is to be applied to manuf acture a semfdfductor“ﬁm“ﬁm

e.g., Separate a bonded substrate stack, pure wa wwnﬁ“ l
I mpurity metals or particles is preferably used “

medi um However, since separation processing is a 25 "per*fect
| ow-t enperature process, water with high purity need not al ways be
used as the jet nedium and the

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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- 36- substrate may be cleaned after conpl etion of sepa,aLP
processi ng. In this separating apparatus,. a ye%’T”eJec \K‘Nh
t he porous |ayer (separation region) exposed.to the S|de \ﬂ
bonded substrate stack, thereby renoving t he porous

peri pheral portion to the central portion. Wth this prdbess t he

bonded substrate _stack is separated into two substrates by renpving
only the separation region with | ow nmechanical strength 10 wthout

damagi ng the spin bedy. opRYElcWelbddiH R0 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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surface of the bonded substrate stack is covered with _ sone thin |ayer,
and the perous layer is not exposed, the thin |l ayer can be renoved by

the jet, so the bonded =~ substrate stack can be separ mﬁmm’ m
above-descri bed 15 nethod. To separate the b , H HHHII,
stack only by the cutting force of jet, a high presstiretoftseversal *

t housand kgf/cnierr] or nore nust be applied to the jet medi um 1In
this case, the outer peripheral portion of 20 the bonded substrate stack

Merease o SeBURRRY, RRPRERGSE subtt rate stack, o 70 avaid this
situation, thegpressweemb®hb8 aB8bL&8Ung 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,
_

/_,‘-—/’
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to the jet mediumis preferably set to be as |ow as 25 about . _509—

kgf/cnferr]. \When such a | owpressure jet is nmpfoyed, the
substrate stack is separated by ““\“““‘“‘ \“\
REPLACEMENT SHEET 37 -

the jet mediuminto the bonded substrate stack to expan and spllt it
Into two substrates rather than by colliding the jet against the

porous | ayer to cut the

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 simultanéously limit a

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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porous | ayer by inpact. Therefore, offcut is rarely
damages to substrates decrease. In
contai n no abrasive.

substrate

stack into two substrates effectively acts when a 10
groove is formed in the bonded
27A and
substrate stacjdJis | e e - gfoove.
i hehberensn apfoaiecdee & £ forge ¥nEIBEdadho

a bon

a baidedample.

Fi gs.

27A shows
27B shows

10

15

20

25

5 produced, and
addi tion, the jet nediumneed

At the peripheral portion of t
the effect for splitting the bo ﬂ‘&ﬂ“\%@ﬁ \
mcorcave)
substrate stack al ohg the side surface.

27B are views showing a force acting on the bonded

st ack,

Fi g.
Fi g.

[rate stac groove

avi hg a

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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substrate stack having no V-shaped groove. | As shown in Fig. 27A
I n the bonded substrate stack havi ng the V-shaped groove-22;a force

(to be referred to as a separation force hereinafter) i | g
outward 20 fromthe center of the bonded substrate stack“ﬂ‘ﬂﬁﬂ“ﬁm\‘“\“‘
I ndi cated by an arrow 23. On the other hand, as shown in . S 1M
t he bonded substrate stack with a convex side surface, a force is

applied inward fromthe side surface of the bonded substrate stack, as

i ndi cat ed by b%?w@@naé oW ngirlgftﬁlﬁf&q{bd%ﬁq%gr.ate stack having a

convex side surface, the separation force does not act
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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-38 - unl ess the side surface of the porous layer _ 12 as—the—
separation region is renoved by a jet 21. Even when ‘“rn
is formed on the side surface of the bonded substraﬂ“\“ M\ ‘!g \
separation force acts -5 on the bonded substrate stack

bonded substrate stack has the V-shaped groove 22, a8 s
Fig. 27A, so the thin |layer can be easily broken.

ovvnln

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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R
To prevent damages to the substrates, the separation_ for,ee—*'r*rr“t‘ﬁ’e
axial direction of the bonded 10 substrate stack is preferab
several hundred gf/cnferr]. To effectivel \3‘“'} \
width WL of the V-shaped groove 22 is preferably eq asgef
t han a dianeter d of the jet 21. For exanple, assune that each of
the first substrate (10) and the second substrate (20) has a th| ckness
of about 1 mm and the ~ bonded substrate stack has a thickness of about
2 mm Sigge thehai stadled ddrdisipped ciainy b9 2 2whereid nat | y
around 1 nmm the dianeter of the jet is preferably 1 mm 20 or Iess.
Since a generhéastataie jef spphiatldings peréipes 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, further 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 pair 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 claims 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
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with a diameter of ap'proxi mately 0.1 to 0.5 mm such a ,generaf water
jet apparatus (e.g., a water jet nozzle) can be OSed.

nozzle for ejecti ng a-jet can have not only a 25 circ “n‘ ‘ !\‘
ot her shapes. For exanple, when a slit-1ike nozzl
eject a jet having a

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
S 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
10 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
15 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
20 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
25 layer are sequentially formed on one surface, to a

second substrate; and

—
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| ong rectangul ar section, the jet can be efficiently ——injected into the
separation region (inserted between the two substr

t
The jet ejection conditions are determ ned in 5 accoraﬂum’mﬂﬂﬂm"ﬁe
of separation region (e.g., a porous: | ayer) or the a Wil
surface of the . bonded substrate stack. Inportant paraneters as the jet
ejection conditions are the pressure applied to the jet medi um the
jet scanning speed, the width or diameter of 10 the nozzle (the nozzle

dianeter is alMost 445, s the borklddl btibstkates e4d tAODARAHM © shape,
e dl stance

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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bet ween the nozzle and the separation region, and the flowrate of the
j et medium The follow ng techniques are used to separate the 15
bonded substrate stack. 1) The jet is injected into the—""bonding

interface parallel to the bonding interface whi |l e ﬂ“ nm“m
scanned al ong the bonding interface. 2) The jet is| wmﬂ u
bondi ng interface parallel to the bonding interface*wht|e tHe Bonded

20 substrate stack is scanned. 3) The jet is injected into t he
bondi ng i nt erppesspré abf etnhd ortdigy.bondi ng interface and si mul t aneously

scanned in a fan shape at a pivot - near the nozzle. 4) The jet is
injected intogdhe The appatragus Mardmtimgaioakng ohe dhecbahdsnglivberface

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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25 while the bonded substrate stack is rotated about nearly t he
center of the bonded substrate stack (this technique

Egrpl_ﬁgﬁ:vgrl\lrysgfflctive when the bonded substrate 40 lll"ll““lulllluﬂlllullll
shape). The jet need not always be ejected to be pérféctty harfall*el to

t he bondi ng

10

15

20

25

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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I nterface. 5 OFi g. 2 is a view show ng the schematic arrangenent
of a separating apparatus according to the first enbodi-rent—of—the——

present invention. To separate a bonded substrate
| ow pressure jet, a separating apparatus 100 suppo ma[m ‘Hw U"’
substrate 10 stack such that the separation force eff

t he bonded substrate stack. As a specific exanple, the separatlng

appar atus 100 supports a bonded substrate stack such that the bonded
substrate stagkacal §4paukflg the dadnplegnihel £RALdl 08 &Yedt®d pEssSSUre of

the jet nmedium 15 injected |nto t he bonded substrate stack. As anot her
exanpl e, the sr@arfadiDe apppsat us 100 supports a bonded
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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substrate stack such that the bonded substrate stack can corrugate__by
the pressure of the jet nediuminjected i nto the bonded substrate

stack. 20 The separating apparatus 100 has substrate hol din
portions 120 and 150 havi ng vacuum chuck nechani snms. A rm“ ﬂ\“‘\! “\
substrate stack 101 is sandw ched by the substrate

120 and 150 and hel d. The bonded substrate stack 101 has a porous

| ayer 101b as an 25 internal fragile structure and is separated into two

substrates 10kepaidhtilc tile Ehepler systhayeiuidlb by the

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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41- separating apparatus 100. In this separ at/&/gmratus/

100, the bonded substrate stack is set such that the
placed on the first substrate (10') side in Fig. 13)“‘“‘ Bﬁ}iﬂ‘g‘\ n

substrate 101c is pl aced 5 on the second substrate (1 es i
Fig. 1D or 41D. The substrate hol di ng portlons 120 and 150
are present on the sane rotary axis. The substrate hol di ng

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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portion 120 is coupled to one end of a rotary shaft 104 10 whichis __ —
rotatably axially supported by a support base 109 thLngh~a'bear|n

108. The other end of the rotary shaft 104 is couple

shaft of a notor 110.. The rotational force generate “mw

rot ates t he bonded substrate stack 101 vacuun}chuck e
substrate holding portion 120. |In separating the bonded substrate
stack 101, the notor 110 rotates the rotary shaft 104 at a desi gnated
rotation speenethodcofirdapcene of aldims$rs4 nsf o8ction froma controller
(not shown). The substrate hol ding portion 150 is coupled to one
20 end of a AB#aryAshellfding3apbacatus fot Haldlinged 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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slidably axially supported by the support base 109

111. The other end of the rotary shaft 103 is coupled to an air
112 fixed on the support base 109. Wen the air cylinder

cyl i nder

pushes t he : _
pressed by the substrate hol di ng portion '150.

-42-

10

15

25 rotary shaft 103, the bonded substrate stack 101 is

| ABSTRACT OF THE DISCLOSURE

This invention is to provide an apparatus for
éeparating a substrate having a porous layer.at'the
porous layer. A bonded substrate stack (101) having a
porous layer (101b) is supported by substrate holding
portions (120, 150) while being rotated. High-speed,
high-pressure water (jet) is ejected from a nozzle (102),
so the jet is injected into the bonded substrate stack
(101). The substrate holding portions (120, 150) hold
the bonded substrate stack (101) such that the bonded
substrate stack (101).can expand at its central portion
due to the pressure of the injected water. This
efficiently applies a force (separation fofce) that acts
outward from the inside of the bonded substrate stack

(101).

—
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The substrate hol ding porti
rotary shafts 104 and 103,

ons 120 and 150 can be detached fromthe
respectively. The substrate hol di ng

portions 120 and 150 have one or a plurality of suction holes 181 and

182 as 5 vacuum chuck mechani sm
and 182 communicate with rotary seal portions 104a and 103a t hrough
the rotary shafts 104 and 103, reshb€a@ vely. The rotary seal portions

104a and 103a are coupl ed to vacuum lines 104b and 103b,

10 These vacu !i s 1
controlling thgﬂg Igaeid
substrate stack 101 can be

and 103b have sol enoi d val ves.

controlled.
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The substrate holding portions 120 and 150 hol d the bonded substrate
stack 101 such that the separation 15 force efficiently acts on the

bonded substrate stack 101 i n separation processing. Specific
arrangenents of the substrate hol ding portions 120 and 150 will be
descri bed | at er. Substrate separation processing using this
20 separating apparatus 100 will be de&cfBbBed bel ow. - 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

pr edet er m ned i nterval between the chucking surfaces of the substrate

25 holding portions 120 and 15(F IAfGL th2 bonded substrate




stack 101 is nounted on an alignnment 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. 2). The
alignment shaft 113 is rotatably axially supported by the support base

109 t hrough bearings 105
3736
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5 and 107. In this enbodi nent, the bonded substrate stack 101

is held not by vacuum chucki ng but by the pressing force of the air
cylinder 112. The pressing force is pref erably about 100 to 2000gf.
The bonded substrate 10 stack 101 may be vacuum chucked, as a matter of
cour se. I n separation processing, the air cylinder 112 is

preferably controlled to nmaintain a pred4egt3@ m ned i nterval between the
substrate hol di ng portions 120 and 150. 15 A jet nedium(e.qg.,
water) is sent froma punp 114 to a nozzle 102, and processing waits
until the jet ejected fromthe nozzle 102 stabilizes. Wen the jet

FIG. 5
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stabilizes, a shutter 106 is opened to inject the jet into the
separation region of the bonded substrate stack 20 101. At this tine, the

bonded substrate stack 101 is rotated by the notor 110. The rotary
shaft 104, ‘substrate holding portion 120, bonded substrate stack
101, substrate holding portion 150, and rotary shaft 103 integrally
rotate. 25 When the jet is inject®d, 3G separation force due to

the pressure of the jet medium continuously injected

FIG. 6
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into the porous |layer 101b as a fragile structure acts - on t he bonded

substrate stack 101 to break the porous | ayer 101b which connects the
substrates 10la and 101c. Wth this processing, the bonded substrate
stack 101 is 5 separated into two substrates in about 2 mn.

When the bonded substrate stack 101 is separated into two substrates,
the shutter 106 is closed, and the oga3@ti on of punp 114 is stopped.

By stopping rotation of the notor 110 and controlling the :

above-descri bed F I G 8




10 el ectromagnetic val ves, the separated substrates are vacuum chucked

by the substrate hol ding 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

separ at ed substrates to both sides. When the separation
force is to efficiently act on t he7poB@ed substrate stack 101, the
structure of the substrate hol ding portions 120 and 150 nust be 20
optim zed. In this enbodi nent, the separation force is efficiently

used by ensuring a space in which the bonded

FIG. 10




substrate stack deflects in separation processing. Preferabl e

arrangenents of substrate hol ding portions will be listed below. In
the foll ow ng exanples, the 25 substrate holding portions 120 and 150 have
a symretrical structure. However, the substrate hol ding
- 45- portions 120 and 150 may have independent structures.
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[Efrst Exanpl e of Substrate Hol ding Portion] Figs. 3 to 5 are

vi ews showi ng the arrangenent of substrate hol ding portions according
to the first 5 exanple of the present invention. Fig. 3is 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
exanpl es of the substrate hol di ng 8¢f36ons 120 and 150 shown in Fig.

2, 10 respectively. The substrate hol ding portions 121 and 151
of the first exanpl e have annul ar contact portions 121a and 151a

whi ch conme into contact with the bonded substrate

12

FIG.




stack 101. Wth this structure, the bonded substrate 15 stack 101 can

defl ect having."nodes" at a portion sandwi ched by the contact portions
121a and 15l1a and "antinodes" near the central and peripheral portions
of - the bonded substrate stack 101. In other words, the Substrate
hol di ng portions 121 and 151 have a structure 20 in which the central
portion of the bonded substrate $0#c36 101 can expand in separation
processing or a structure in which the bonded substrate stack.. 101 can
corrugate in separation processing. Wien the substrate hol di ng
portions 121 and 151 having this structure are 25 enployed, the
separation force can efficiently act i nsi de the bonded substrate stack
101.
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- 46 - . Wth the use of the substrate holding portions 121
and 151, separation progresses fromthe side surface portion of the
bonded substrate stack 101 to the vicinity of the contact portions
121a and 15l1a in about 5 30 sec after the start of jet injection into the
bonded

11736
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substrate stack 101 (separation processing). In about 2 mn after the
start of separation processing, the bonded substrate stack 101 warps
outward at its central portion to form"antinodes" and is conpletely
separated. 10 The outer dianeter of each of the contact portions
121a and 151a is preferably, e.g., 30 to 50 nm The i nner di aneter of
each of the contact portions 121a and 12/ 3E1la can be snaller than the
outer diameter by, e.g., approximately 10 mm However, for easy
deflection of the 15 substrate stack to be separated, the inner dianeter
of each of the contact portions 121a and 15l1a is preferably cl ose
to the outer dianeter. Any ot her substrate hol ding portion can
provi de the '
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sane effect as descri bed above as far as it allows the 20 bonded

substrate stack 101 to deflect form ng "nodes" and "antinodes". Figs.
6 to 9 are front views show ng nodi fications of the substrate hol ding
portion according to the first exanple. Reference nunmerals 122a, 152a,
123a, 153a, 124a, 154a, 125a, and 155a denote contact 25 portions at

whi ch the substrate hol ding portions aij8/436 contact with the bonded
substrate stack 101. Figs. 6 to

REPLACEMENT SHEET -47 -
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8 show exanpl es of a contact portion having a pol ygonal shape with a
hol | ow center. Fig. 9 shows an exanpl e of contact portion whose center
is shifted fromthe center of the bonded substrate stack 101. These
are exanpl es of 5 a stripe-shaped contact portion. [ Second Exanpl e
of Substrate Hol ding Portion] Fig. 10 and 11 are views show ng

t he arrangenent of substrate hol dildy/B6rti ons according to the second
exanple of the present invention. Fig. 10 is a front 10 view, and Fig. 11
is a sectional view Substrate hol ding
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portions 126 and 156 shown in Figs. 10 and 11 are exanpl es of the
substrate hol ding portions 120 and 150 shown in Fig. 2, respectively.
The substrate holding portion 126 of this exanple 15 has two annul ar
contact portions 126a and 126b which come into contact with the bonded
substrate stack 101. The substrate holding portion 156 has two annul ar
contact portions 156a and 156b which cQB# 36to contact with the bonded
substrate stack 101. The substrate 20 holding portions 126 and 156 of
this exanple are particularly suitable to process a substrate stack
wth a large size (e.g., 8 inches or nore). Wth these
substrate hol ding portions 126 and 156,

20

FIG.




t he bonded substrate stack 101 can deflect having 25 "nodes" at a

circunferential portion sandw ched by the contact portions 126a and
156a and a portion sandw ched -48 -
by the contact portions 126b and 156b, and "antinodes” near the
I nternmedi ate portion between the contact

16/ 36
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portions and the peripheral portion of the bonded substrate stack 101.
5 When the substrate hol ding portions 126 and 156 havi ng a
structure in which the bonded substrate stack 101 deflects while
corrugating or expandi ng near the central portion are enployed, the
separation force can efficiently act inside the bonded substrate stack
101. 10 Wth the use of the subp¥y@g& hol ding portions 126 and
156, separation progresses fromthe side surface of t he 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

22

135d

FIG.

135b




sec after this, the bonded substrate stack 101 is separated to the

outer contact portions 126b and 156b. In about 3 mn after the start

of separation processing, t he bonded substrate stack 101 warps to form
"nodes"” and 20 "antinodes" and is conpletely separated. The

wi dt hs of the contact portions (dianeter di fference) can be
arbitrarily determ ned. However, for 18/ 36asy deflection of the substrate
stack to be separated, the width of each contact portion is preferably
small. 25 In this exanple, two sets of contact portions are

formed. However, three or nore sets of contact portions

166
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REPLACEMENT SHEET - 49 - may be
arranged. [ Third Exanpl e of Substrate Hol di ng Portion] Fig.

12 is a perspective view show ng the arrangenent of substrate hol ding
portions according to 5 the third exanple of the present invention.
Substrate hol di ng portions 127 and 157 shown in Fig. 12 are

exanpl es of the substrate hol ding portil®%3820 and 150

24

FlG.




shown in Fig. 2, respectively. The substrate hol di ng portions
127 and 157 of this 10 exanple have a plurality of contact portions 127a
and 157a which conme into contact with the bonded substrate st ack
101, respectively. Stated differently, this structure has annul ar
contact portions 12l1a and 151a of the first exanple with grooves 127b
and 157b which 15 divide the cont acR0g0oB86i ons 121a and 151a,

respectively. The grooves 127b and 157b prevent the separation
force fromexcessively acting in the vicinity of the central portion
of the bonded substrate stack 101 r cifically, when the grooves
127b and 157b are onrrred, F’\f G. zg
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20 the jet nediuminjected into the central portion of the bonded

substrate stack 101 can be appropriately di scharged, so the jet nedium
pressure can be prevented from excessively increasing near the
vicinity of the central portion. Therefore, the bonded substrate stack
25 101 can be prevented from breaki ng because of a portion of the
porous | ayer, where the nmechanical strzhgt36is
-50 - '
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| ocal |y high and separation progresses slowy. Wth the use of
the substrate hol ding portions 127 and 157, separation progresses from
t he side surface of t he bonded substrate stack 101 to the vicinity of

t he 5 contact portions-127a and 157a in about 30 sec after the start
of jet injection into the bonded substrate stack 101 (separation
processing). In about 2 mn after the /3(§it art of separation processing,

t he bonded substrate stack 101 %s tward at its central portion to
form 10 "antinodes"” and is conpletely separat ed. Fig. 13 is a

perspective view showing a F I G 28




nodi fication of the substrate holding portions shown in Fig. 12.
Substrate hol ding portions 128 and 158 shown in Fig. 13 are exanpl es
of the substrate holding portions 15 120 and 150 shown in Fig. 2,
respectively. The substrate holding portion 128 of this

nodi fication has a plurality of columar contact portions 128a form ng
a circle on a nmain body 128b. The 23uh3&rate hol ding portion 158 has
the sane arrangenent 20 as that of the substrate hol ding portion 128.
Wth the substrate hol ding portions 128 and 158 as well, the jet

medi um pressure can be prevented from excessively i ncreasing inside

t he bonded substrate stack 101, so the bonded substrate stack 101 can
be prevented from

FIG. 29

1150




25 breaki ng. [ Fourth Exanple of Substrate Hol di ng Porti on]

-51- Fig. 14 is a perspective view show ng the
arrangenent of substrate hol ding portions according to the fourth
exanmpl e of the present invention. Substrate hol di ng portions 129 and

159 shown in Fig. 14 are
J 24/ 36
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5 exanpl es of the substrate hol ding portions 120 and 150 shown in Fig.

2, respectively. The substrate holding portion 129 of this
exanpl e has two types of arcuated contact portions 129a and 129c
whi ch come into contact with the bonded substrate stack 10 101. To put it
differently, the structure has the %Szgggar contact portions 126a and
126b of the second exanple with gr 128b and 128d which divide the
contact portions 126a and 126b, re ti Iy.ﬁgai substrat e hol di ng
portion 159 has the sane arrangenej#eil t of the substrate hol ding
portion 129. Wth the use of the_substrate hol ding portions 129
102
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and 159, separation progresses fromthe side surface of t he bonded
substrate stack 101 to the vicinity of the outer contact portion 129a
in about 30 sec after the 20 start of jet injection into the bonded
substrate stack 101 (separation processing). In about 30 sec after
this, t he bonded substrate stack é@%ﬁ@ separated to the vicinity
of the inner contact portion 129c. 3 mn after the start of

separation processing, the bonded Stsﬁst ra tack 101 is conpletely
separated while corrugating t® f ‘“nod and "ant i nodes”.
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contact portions 129a and 129c,
substrate hol ding portion 159),

prevented from excessively
101. Hence,

t he bonded substrate
br eaki ng because of a portion of the p

3T

By form ng grooves 129b and 129d in the arcuated
respectively (this also
the jet

applies to the

medi um pressure can be
5 increasing inside the bonded substrate stack

wher e

nmechani cal strength is locally high le ﬁoar at'36
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10 Fig. 15 is a perspective view showi ng a nmodi fication of the

substrate hol ding portions shown in Fig. 14. Substrate hol di ng
portions 130 and 160 shown in Fig. 15 are exanples of the substrate
hol di ng portions 120 and 150 shown in Fig. 2, respectively. 15

The substrate hol ding portion 130 of 2@?5 nodi fication has a plurality
of col umar cont act portions 130 o?ﬁing double circles on a main
body 130b. The substrate hol ding portion 160 has the sane

arrangenment as that of the substrate holding portion 20 130. Wth the
substrate hol di ng rgi gns 13 1d 160 &s well, the jet nedium
pressure can be prEeI}tG-froas.| 102
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excessively increasing inside the bonded substrate stack 101, so the

bonded substrate stack 101 can be prevented from breaking. 25
[Fifth Exanpl e of Substrate Hol di ng Portion) Figs. 16 and 17 are
vi ews show ng the arrangenent - 53-

of substrate hol ding portions accordi ”§9t/§é he fifth

FIG. 40
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exanple of the present invention. Fig. 16 is a per spective view, and
Fig. 17 is a front view Substrate hol di ng portions 131 and 161 shown
in Figs. 16 and 17 5 are exanpl es of the substrate hol ding portions 120
and 150 shown in Fig. 2, respectlvely The substrate hol di ng

portions 131 and 161 of this bbﬁgéﬁlon has a plurality of col umar
cont act portions 13la and 16la o bodi es 131b and 161b, 10

respectively. \g&tﬁ g&ﬂAe hol di ng portions 131 and 161, t he
bonded substrat wl defl ect and corrugate having "nodes" at
a portion sandw ched by the contact ortlons 131a and 161la, so the
separation force OO A A AR 12

FIG. 41B
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can efficiently act inside the bonded substrate stack .15 101. In

addition, since the jet nediumdischarge path is ensured, the jet
medi um pressure can be prevented from excessively increasing inside
t he bonded substrate stack 101. As a consequence, the bonded substrate
stack 101 can be prevented fron1%hga5§ng because of a portion of 20
t he porous | ayer, where the nechanical”stirength is | ocal l'y high and
separation progresses slowy. -Wth the use of the substrate
hol di ng portions 131 and 161, the bonded substrate stack 101 is
conpl etel y separated in abojF af t he start of jet 25
injection into the bonded substrdte stack 10 (separation processing).
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REPLACEMENT SHEET - 54 - [ Sixth

Exanpl e of Substrate Hol ding Portion] Figs. 18 and 19 are views
showi ng t he arrangenent of substrate hol ding portions according to the
si xth exanple of the present invention. Fig. 18 is a 5 perspective

view, and Fig. 19 is a front view Subﬁér/aég

43

FIG.




hol di ng portions 132 and 162 shown in Figs. 18 and 19 are exanpl es of

t he substrate hol ding portions 120 and 150 shown in Fig. 2,
respectively. The substrate hol ding portions 132 and 162 of this
10 exanpl e have cross-shaped (radial) contact portions 132a and 162a
whi ch come into contact with the bonde substrate stack 101, on nain
bodi es 132b and 162b, respectivel 3/@& h the substrate hol di ng
portions 132 and 162, the bonded substrate stack 101 can deflect and
15 <corrugate formng "nodes"” at a portion sandw ched by the cont act
portions 132a and 162a, so the separation force efficiently acts on

t he bonded substrate stack 101. In addition, since the jet nmedium

di scharge path is F I G 44
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ensured, the jet nmedium pressure can be prevented from 20 excessively
I ncreasing inside the bonded substrate stack - 101. Therefore, the
bonded substrate stack 101 can be prevented from breaki ng because of a
portion of the porous | ayer, where the nmechanical strength is locally
hi gh and separation progresses slowy. :§% Wth the use of the

é;Qhe

substrate hol ding portions 132 and bonded substrate stack 101
is conpletely

FIG. 45

114




- 55- separated in about 80 sec after the start of jet

I njection into the bonded substrate stack 101 (separation processing).
Figs. 20 to 24 are perspective views show ng 5 nodifications of the
substrate hol ding portions shown in Fig. 19. These substrate hol di ng

, portions are exanples of the subségg;ﬁ hol di ng portions 120 and 150

. shown in Fig. 2. Substr gl ding portions 133 and 163

) shown in 10 Fig. 20 have star-shaped contact portions 133a and 163a
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whi ch come into contact with the bonded substrate stack 101, on main
bodi es 133b and 163b, respectively. Substrate hol ding portions 134 and
164 shown in Fig. 21 al so have star-shaped contact portions 134a and
164a 15 which conme into contact with the bonded substrate stack 101,
on mai n bodies 134b and 164b, respecti ggl&y Substrate hol ding portions
135 and 165 shown in Fig. 22 have; n3$m| n bodi es 135b and 165b,
contact portions z 135a and 165E§'1iq conal"ylto contact with the bonded
20 substrate stack 101, respectivel y® ac t he cont act portions
135a and 165a is separated into four parts at "its central portion and
forma cross. A suyfstr




hol di ng portio

n 136 shown in Fig. 23 has coI urmar c%%@ 5(%tf)

S
136a which come into contact with the 25 bonded substrate stack 101, CL

mai n body 136b.

arrangenent
the substrate

A substrate hol ding portion 166 has the(gane
. - 56- ‘6 :)Phatqq
hol di ng portion 136. Subsirate hol di ng portloq?(k§7 and

167 shown in Fig. 24 have
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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 layer 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

REPLACEMENT SHQ
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radi al contact portions 137a and 167a which cone into
bonded substrate stack 101, on main ‘5 Bbdies 137b and 1
[ Sevent h Exanpl e of Substrate Hol di ng Portion]

are sectional views show ng the arrangenent of subst
portions according to the seventh_gxanple of the pre
Fig. 25 10 shows a state before the bonded substrate st
separated. Fig. 26 shows a state after the bonded su
I s-separated. Substrate hol ding portions 138 and 168

~—L£00t aCt—Wi-t-h—i-ha
E?EPLAGEM@H_ iSHEBT.
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Fat e ,hol di
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AC 101_1s
pstrate stack 101
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and 26 are
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exanpl es of the substrate holding portions 120 and 150

(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.

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

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

As one SOI technology, an SOS (Silicon On Sapphire)
technology by which Si is heterocepitaxially grown on a
single—cfystal 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
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
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,.various'ﬁethods
have been examined aiming at reducing crystal defects or
manufacturing cost. There are a method of implanting

oxygen ions into a substrate to form a buried oxide



15 shown in-Fig. 2, respectively. The substrate ding portiqns
138 and 168 of this exanpl e have: as-contact portions C

substrate stack 101, contact portions 138a and 168a wh gﬁgggggggﬂzgﬂﬁiT
contact with the peripheral portions of 20 the bonded subkt}ate stgﬁg

101, respectively. Wth the substrat e hol di ng portiong 139 %rm 399

t he bonded substrate stack 101 can—deflect while expanflibg. at _jits
central portion having "nodes" at a portion sandw ched by the contact
portions 138a and 168a and "anti nodes" 25 near the central—poert+on—of-—the
bonded substrate stack 101, so the separation force can efficiently

act on the

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 film, and a
method of implanting hydrogen ions to a predetermined

5 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.

10 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 éingle—crystal

15 semiéonduétor substrate having a porous layer is bonded -
to a second substrate via an insulating layer (Si0O,), 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

20 that the SOI layer has high film thickness uniformity,
the crystal defect density in the SOI layer can be |
decreased, the SOI layer has high surface planarity,  no
expensive special fabrication-apparatus is necessary,
and SOI substrates having SOI films about a few hundred

25 ~ to 10 um thick can be fabricated by the same

fabrication apparatus.
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portions 138 and 168 have, at their central portions, |

137b and 167b for limting the deflection amount of the
5 stack 101. Since the deflection amounts of the §e3arla€f, %ﬂﬁ 1999
substrates are limted by the limt poryi.ons 137b and 16)b} t'he "™ )
substrates can be prevented from breaking.

substrate
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bonded substrate stack 101. The subs1h§
hO

ded

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
bonded substrates are separated it is necessary to
prevent damages to the substrates and protect the
fabrication apparatus and the like from contamination

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 separating
apparatus, and a substrate manufacturing method using
the separating apparatus.

According to the present invention, there is




In the first to sixth exanples, the surface of the mai n _body of each
substrate holding portion can also 10 function as a defl | n
limt portion. 1In each .exanpl e, the projection heig BEELRCH@E@XnSHEET

portion to

t he bonded substrate stack is determ ned {njaccordance

with the dianeter and thickness of the.ganded substrate sk B.cMARMBIS h
jet nmedium pressure. 15 The above- separati ng appar ft ys can be used
to separate not only a sem conductor substrate such fas a ponued
substrate stack but al so various sanpl es. Accortling to the
preferred enbodi nent of the present invention, the efficiency of

separati on

10

15

20

25

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
holding portions oppoéing 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
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
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
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 sémple. The contact
portion may comprise a multiple of contact portions.

In the separating apparatus, preferably, at least




20 processing can be increased while preventing danages to

to be separat ed. - In addition, according to the pref
enbodi nment of the present invention, a satisfactory subgt
be manufactured. 25 [Second Enbodi nent] Fig. 28 ijfs
showi ng the schematic arrangenent -6-
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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 coﬁprise a multiple of contact-

5 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

10 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

15 with the sample.

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

20 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.

25 In the separating apparatus, preferably, at least

one of the pair of holding portions has a contact




of a separating apparatus according to the second enbodi ment _of _the

present invention. In a separating apparatus 1000, tH |

force is efficiently applied to a bonded substrate stlaGgk ‘gﬁ@@%g?éﬂgEr
t he 5 bonded substrate stack using a |l ow pressure jet. At |the %Ege
time, the bonded substrate stack is supported to pr eMent 1 ibe MAR,
substrate stack frombreaking due to — the separation florice. Mire
specifically, the separating apparatus 1000 supports |t he bonded
substrate stack while 10 allowing it to warp due to the lpressure—of-the

] et mediuminjected into the bonded substrate stack, and

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

éample. Preferably, the contaét portion can contact the
5 whole peripheral portion of the sample.

The separating apparatus preferably further
comprises a rotafy mechanism for rotating the holding
portion about a shaft perpendiculaf to a surface of the
sample.

10 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

15 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 interval

20 Dbetween 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

25 of separating a substrate having a porous layer as the

fragile layer.



also limting the warp anount. The separating apparatus-1000 has

substrate hol di ng portions 1120 and 1150 havi ng vacul

REPLACEMENT SHEET

mechani sms. A 15 bonded substrate stack 101 i s sandw chgd foy—ttre

substrate hol ding portions 1120 and 1150 and held. The borge&aq 900
substrate stack 101 has a porous |ayer .3Qlb as an I nfenna f"agiﬁgv

structure and is separated into two ~— substrates 10la 3and_1Qlc At

porous | ayer
separati ng apparatus

fhe

101b by the 20 separating apparatus 1000. }In this

t he substrate 10la is placed on the first substrate (10")
Fig. 1D or 41D and the substrate 101c is pl aced on the second
substrate (10" + 2Qlccirdfngn tbl @helPrésent invention, there is also

10

15

20

25

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 into 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

1000, the bonded substrate st ack—is—set—stich~thet

side in




25 41D
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portion 1120 is coupled to one end of a rotary shaft 1
rotatably axially supported by a support base
9. 16 MAR 1999
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The substrate hol ding portions 1120 and 1150 are

present on the sane rotary axis. The su'i EE mg

HEET

portion may comprise 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
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
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
bringing the contact portibn 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,
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
portion into contact with the sample.

In the support apparatus, preferably, at least one




109 through a bearing 108. The other end of the rotary Shar |
coupled to the rotary shaft of a notor 110. The rot %@ﬂzﬁﬁ"mn
generated by the notor 110 rotates t he bonded substriatie stack 101
vacuum chucked by the substrate hol ding portion 1120 n 16 PasR 11838y
t he bonded substrate stack 101, thgJmotor 110 rotatep the rotary 10
shaft 104 at a designated rotation speed in accordance W an
instruction froma controller (not shown). The pubstrate holdin

portion 1150 is coupled to one end of a rotary shaft 103 which is
rotatably and slidably axially supported by the support base 109 15
through a bearing 111. The other end of the rotary shaft 103 is

coupl ed to anggi Eheypandest IHAdinEbdtihe 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.
5 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
_én adjustment mechanism for adjusting an interval
between the pair of holding portions.

In the suppoft 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 portions.

In the support apparatus, preferably, each of the
pair 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.



support base 109. Wen the air cylinder 112 pushes the

103, the bonded substrate stack 101 is pressed by the
hol di ng portion 1150. 20 The substrate hol ding porti
1150 can be
respectively. The substrate hol di ng parggions 1120 and
a plurality of suction portions (e.g., = annul ar grooves)
as vacuum chuck 25 nechanisns, respectively. The suctionjportions 1181
and 1182 communicate with rotary seal portions 104a and—463=
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detached fromthe rotary shafts 104 and 10

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.

In the separating method, p:eferably, 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
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
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 above
separating apparatus is used in the separation step.

According to the present inventioh, 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



-60 - through the rotary shafts 104 and 103, respe
rotary seal portions 104a and 103a are coupled to vacuum %E#LA@AEWtSHEET

and 103b, respectively. These vacuum |lines 104b and 10B
val ves. By controlling the 5 solenoid valves, setting/reno
bonded substrate stack 101 can begantroll ed.

hol ding portions 1120 and 1150 hol d = the bonded substra
such that the separation

\Y

have sol enoi d

Al 16 mAw 1399

The substrate

[ e-stack 10T

10

15

20

25

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 sampie 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.

Iﬁ the separating apparatus, the support surface
preferably substantially comprises part of a spherical
surfacef

In the separating apparatus, the support surface
preferably comprises a surface forméd 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 surfacé
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.



force efficiently acts on the bonded substrate stack 101 1 SERAh]
processing. Specific arrangenents of the substrate hql f%£W£ |OBBEET
1120 and 1150 will be descri bed | ater. Subst|rdt e separation
processing using this separating apparatus 1000 will Qe dezigr iMMd‘iSQQ
bel ow. 15 To set the bonded suhsgy.ate stack 101 in t}he

separating apparatus 1000, first, the rotary shaft 103 | l&—-et-racted 1y
the air cylinder 112 to set a pr edet erm ned interval t ween t he
chucki ng surfaces of the substrate hol ding portions 1120 and 1150.

After the 20 bonded substrate stack 101 is nounted on an alignnent
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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 the separating apparatus, at least one of the
holding portions preferably has an elastic member at a
portion which can contact the sample.

In the separating épparatus, at least one of the
holding portions preferably has an annular support
portion consisting of an elastic member;

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

The separating apparatus preferably further
cdmprises a rotary mechanism for rotating the holding
poftion 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




shaft 113,

enmbodi nent ,
- 61 -
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the air cylinder 112 pushes the rotary shaft

bonded substrate stack 101 is pressed and hel d (the sté%
Fig. 28). The alignnment shaft 113 is rotatably axially
t he support base 25 109 through bearings 105 and 107. 16 IMAR
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t he bonded substrate stack 14Q1

upport ed

e

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 interval
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 sﬁitable 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 an internal fragile layer at
the fragile layer, characterized by gémprising a pair of
holding portions for sahdwiching 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




I's held not by vacuum chucki ng but by the pressing force of fthe ajr

cylinder 112. The pressing force is preferably about|RER] mmg@p '
The bonded substrate stack 101 may be vacuum chucked, ps—= ..mtcigﬂ’EFET
cour se. 5 I n separation processing, the air cylinder 117 ijs

preferably controlled to maintain a pr.ggeterm ned I nt erval1 Boéi%%&re
substrate hol ding portions 1120 and — 1150. A nedi um
(e.g., water) is sent froma punp 114 10 to a nozzle 104, and processing
waits until the jet ej ected fromthe nozzle 102 st abittzes—¥her—t-he

] et stabilizes, a shutter 106 is opened to inject the jet into

the separatiog Legion of the bonded substrate stack
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In the support apparatus, the support surface
preferably substantially comprises part of a spherical
surface.

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
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
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 a force inflicted by the
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.

In the support apparatus, at least one of the

holding portions preferably has an elastic member at a




101. At this tinme, the bonded substrate stack 101 is 15 rqE&%ﬁx byv-t-he
ERRAGRMENT SHEET

notor 110. The rotary shaft 104, substrate hol di ng por

bonded substrate stack 101, substrate holding portion }11%0, and rtotar
shaf t 103 integrally rotate. When the jet isfi jefee@ 95
separation force due to 20 the presa?gg of the jet nmediumcéntinu &g?§

I nj ected Into the porous |ayer 10 as a fragile strucfure—eaets

on the bonded substrate stack 101 to break the porous -Jayer 101b which
connects the substrates 10la and 101lc. " Wth this processing, the

bonded substrate stack 101 is 25 separated into two substrates in about 2
m n. portion which can contact the sample.

In the support aﬁparatus, 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.

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

25 The support apparatus is suitable as a support

apparatus for supporting a substrate having a porous




When the bonded substrate stack 101 is separated

-62- into two substrates, the shutter 106 is cl osed,
operation of punp 114 is stopped. By stopping rotation %, ?gem%NIMSH
110 and controlling the above-descri bed el ectronagnetijc jval ves t%ﬁ@

c
separated substrates are 5 vacuun}chqgked'by t he substratje hoﬂ@ﬁ%ﬁﬂ
portions 1120 -
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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 layer
using the above 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 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, characterized in that the above separating
apparatus is'used for separation.

Accérding to the preseht 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 layer, wherein the above
separating apparatus is used in the separation step.

The present invention has been made iﬁ
consideration of the above situation, and has as its

object to provide a separating apparatus and method




and 1150. When the air cylinder 112 retracts the r
103, the surface tension of the jet nedium (e.qg., water)
split the two physically separated 10 substrates to both s .
When the separation force is to efficiently act on t he d(ﬂ.b 999
substrate stack 101 while preventing thg. bonded substr af g st ¢@¥b£
from breaking, the structure of the substrate hol ding ppriions 1120
and 1150 nmust be 15 optimzed. |In this enbodinent, the separation force
S efficiently applied by ensuring a space in which the
substrate stack warps in separation processing, and si mul t aneously,

the warp amount is limted to )
suitable to separate a plate-like sample represented by

%EHKGBME\?T SHEET
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a substrate such as a bonded substrate stack, and a
substrate manufacturing method to which the apparatus or
method is applied.

5 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

10 sandwiching and holding the sample, wherein the first
and second holding portions have holding surfaces with
different shapes.

In the separating apparatus, preferably, the firét
holding portion holds one surface of the sample to make

15 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

20 1large.

In the separating apparatus, preferably, the 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 into the sample, and the second

25 Tholding portion holds the other surface of the sample to

cause the other surface to deflect due to the pressure



prevent the bonded substrate stack 101 from breaking. 20 Pt n
arrangenents of the substrate hol di ng portions wll be REPM@ﬁ\%mZH

In the foll ow ng exanpl es, a pair of substrate hol di ng rtions that
oppose each other have a symmetrical structure. However, t ey I H9Y o
hol di ng portions may have independent _gp. structures. [IFi rst Exanpl e

of Substrate Hol di ng Portion] -

10

15

20
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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 expandiné at a central portion on a side
of the second holding portion due to the pressure of the

fluid injected into the sample.




- 63- Figs. 29 to 31 are views show ng the arrgngenent—of

the substrate hol ding portions 1120 and 1150 according ﬁEMWENTSSHEET
exanpl e of the second enbodi ment of the present invenfipn. Fg. 29

a perspective view, Fig. 5 30 is a sectional view show ngja styag Wfigg?
separation processing, and Fig. 3hgi.s a sectional views o&ingié

state during separation processing. - The substrate}l h g

portions 1120 and 1150 of this exanpl e have convex support surfaces
1120a and 10 1150a each forned from part of a spherical sOrtace. —The

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

5 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

10 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 strengths.

15 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 pair of holding portions
having holding sﬁrfaceé with different shapes, and

20 ejecting a fluid to a predetermined position in a
direction of thickness of the sample, thereby separating
the sample. |

In the separating method, preferably, the sample to
Ee separated has an internal fragile layer, and in

25 separating the sample, the fluid is ejected to the

fragile layer.



support surfaces 1120a and 1150a support the bonded

101 while allowng it to warp and al so limt excessive.
bonded substrate stack 101 i n separation processing. Ajwg
is preferably 15 set to be around 0.1 to 0.5 mm \

R AN SHEET]

rp amount R

V16t Mapufgeg

of the separating apparatus 1000 hgivi ng the substrate Rol{di ng portions
1120 and 1150, separation progress—fromthe side surfage ©

substrate stack 101 to the vicinity of the center of the 2 suppor t
surfaces 1120a and 1150a in about 30 sec after the start of jet

I njection into the bonded substrate stack 101 (separation processing).

Two portions

According to the present invention, there is also

provided a separating method of separating a plate-like

sample having an internal fragile layer at the fragile

layer, characterized by comprising the separation step

5 of ejecting a £luid 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, there is also

provided a separating method of separating a plate-like

15 sample having an internmal 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



separated fromthe bonded substrate stack 101 are pr es
support surfaces 1120a and 1150a by 25 the pressure (sepﬁREPLEﬁﬁWENEeSHEET

the jet nedium injected into the bonded substrate stagkj101, as sno
- 64- in Fig. 31. As separation processing further p Ogr BSEAR 11909
the bonded substrate stack 101 is comlgtely separated

the flﬁid.

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 ié 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 composite 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




in about 2 mn after the start of separation processing. — When t he
bonded substrate stack 101 is held as it 5 is capabl e of BNkl

separation force can be efficiently applied, so separat mg%mﬁﬁgﬁh}ﬁﬂfff
can be efficiently perforned. In addition, when the warp gnmount

of the bonded substrate stack 101 is ligited, the separpatjed 14UIMAR
can be prevented fromexcessively 10 -warping, and the bonded substrate
stack 101 can be prevent ed from breaki ng. To |di stribute
stress acting on the bonded substrate stack 101, the suppart surfaces

1120a and 1150a are preferably spherical. However, the contact

surfaces need 15 not always be spherical. As a deiticatiog of the
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

5 to alldﬁ deflection due to the pressure of the fluid
injectéd 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

10 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 any one
of the above separating apparatuses is used'in the

15 separation step.

According to the present invention, there is also
provided a substraté manufacturing method characterized
by comprising bonding a non-porous layer side of a first
substrate, in which a porous layer and the non-porous

20 layer are sequentially formed on one surface, to a
second substraﬁe, 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

25 provided a holding apparatus for holding a sample in

ejecting a fluid to a predetermined position in a



substrate hol ding portions 1120 and 1150 of the first o Al amey

substrate hol ding portions each having a snooth convex 5&}1ASENH%HWSHEET
descri bed. Figs. 32 to 35 are sectional views show ' 1
nodi fications of the substrate hol ding portions 1120 and 11i§.

Substrate hol ding portions 1121 and 1154 shown in Fig. 134 h e“@@p§§§t
surfaces 1121a and 115l1a each nade —of a cone having a do :
Substrat e hol di ng . portions 1122 and 1152 shown in Fig. |33 have support
25 surfaces 1122a and 1152a each made of a frustum of a cone:

Substrate hol ding portions 1123 and 1153 shown in

10

15

20

25

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 present 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 first 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;



REPLACEMENT SHEET - 65 - EFig

3
have support surfaces 1123a and 1153a each made of seVREpﬂAamm@N}HSHEET
form ng a convex surface as a whol e. Substrate hol di njg Gty
and 1154 shown in Fig. 35 have support surfaces 1124a} and %&5412?&fh
made of 5 several colums form ng a _cgnvex surface as a whpl .6 MA g
As shown in Figs. 29 to 35, the substrate hol di ng porgi ferabl

has a dianeter with which it can
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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
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;

Fig. 9 is a view showing still another modification
of the substrate holding portion according to the first
example of the first embodiment;

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

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

Fig. 12 is a perspective view of substrate holding
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;

Fig. 14 is a pefépective view of substrate holding

portions according to the fourth example of the first



support the entire surface of the bonded substrate stack
di aneter of the substrate holding portion 10 is 2/1 that

substrate stack 101 or nore, a satisfactory effect c

However, the present invention does not exclude a su

portion having a dianeter smaller thangf/.2 that of the

substrate stack. 15 The substrate hol ding portion prkferably has
di sk shape. However, any other shape such as a radia}] or mat ri x
shape may be used. [ Second Exanpl e of Substrate Hol d-rg~—Rerii-ori

Figs. 36 and 37 are sectional views show ng the
embodiment;

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

5 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

10 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

15 portion according to the sixth example 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;

20 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

25 to the sixth example of the first embodiment ;

Fig. 23 is a perspective view showing still another



20 arrangenent of substrate hol ding portions according to t he second

exanpl e of the second enbodi mrent of the present inventi 'E£ﬂ§HMEﬁT SHEET

shows a state before separation processing. Fig. 37 sho

during

1155 shown in Figs. 36 and 37 repl ace t44e. substrate hol
1120 and 1150 shown in Fig. 28, —

-66 -
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separation processing. Substrate holding portions L1125 25 and

ng §borMARD 1833

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
to the sixth example of the first embodiment; |

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

Fig. 26 is a sectional view of the substrate
holding portions according to the seventh example of the
first embodiment;

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

Fig. 28 is 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 example of the second
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 substrate
holding portions accofding to the first example of the

second embodiment;



respectively. In the substrate hol ding portions -égﬁgﬁﬂaéﬁ?fghti
this exanple, disk-like support portions 1125b and 1155b EPL =

el astic material (e.g., a rubber) are bonded to 5 di sk-1|kk nmain bodi es
1125a and 1155a, respectively. The support portions [L1P5H g qggp
support the bonded substrate staclg.101 while allow np t}to mé?p and
al so limt excessive warp of the -bonded substrate stphck—16% tt
separation processing. The warp amount h is 10 preferablly set to be
around 0.1 to 0.5 mm Wth the use of the separating apparatus
1000

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 embodiment;

Fig. 34 is a sectional view showing still another
modification of the substrate holding portions according
to the first exaﬁple 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 showing 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
modification 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



havi ng the substrate holding portions 1125 and 1155,
progress fromthe side surface of the bonded sub
the vicinity of the central 15 portion in about 30 s
jet injection into the bonded substrate stack 10
processing). Two portions separated fropthe bonded
101 open to forma V shape due to the — pressure (
the jet nmediuminjected 20 into the bonded substrate
in Fig. 37. At this time, the separation force an
t he support portions 1125b and 1155b balance with the
t he bonded substrate stack 101. As ar at Qamﬁkf

separation
oc ol REPLACEMEN: GFEET

1 (s¢p ratlon

T>U St g
sepaf a |on for

st afk 10t —eas shnm
d thg drag of
war p anount—of

cessing further
mentc;

progr esses t he° e ctecond example of the eCor
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Figs. 41A to 41E are views showing for explaining
another method of manufacturing an SOI substrate
according to the preferred embodiment of the present
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.
separating apparatus shown in Fig. 42;

Fig. 44 is a view schematically showing separation
processing;

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

Fig. 46 is a viéw showing the schematic arrangemént
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
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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will



25 substrate stack 101 is conpletely separated in about

y p—after
the start of separation processing. REPLACEMENT SHEET

-67- When the bonded substrate stack 101 i; era-asit
i s capabl e of warping, the separation force can be pf |
applied, so separation processing can . C' gn&ky 1993

be described below with reference to the accompanying
drawings.
Figs. 1A to 1lE are views for explaining a method of
manufacturing an SOI substrate according to a preferred
5 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
10 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 SiO, layer) 15 formed on
15 the surface of a single-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,
20 the first substrate 10 and the second substrate 20 are
bonded by anode bondlng, pressing, heating, or a
comblnatlon thereof. With this process, the non-porous
single-crystal Si layer 13 and the insulating layer 15
are firmly bonded. The insulating layer 15 may be formed
25 on the éingle-crystal Si substrate 14 side, as described

above, on the non-porous single-crystal Si layer 13 as




efficiently performed. In addition, when the warp anount S—of—the—bhon
substrate stack 101 is limted, the separ at ed substrqtﬂﬁpwm
prevented from excessively war pi ng, and the bonded sybqtrate stac

101 can be

el astic

U

prevent ed from breaki ng. To di gt r}i byie r
acting on the bonded substrate 10 staglf.101, the entire syrfacgg gfﬁﬁﬁ%@

support portions 1125b and 1155b-are preferably forngd!

material. However, the entire surfaces of thg support

SHEET
K .

portions need not always be nmade of an elastic material. T agdft
the substrate holding portion preferably 15 has a dianeter with which
can support the entire surface of the bonded substrate stack 101.

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

Referring to Fig. 1D, tﬁe two substrates bonded to
each other are separaﬁed 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
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 11.

After separation, the remaining porous Si layer 12
is removed from the substrate 10'. The surface 6f the
substrate 10' is planarized, as needed, so the substrate
10' is used again as a single-crystal éi substrate 11
for fgrming a first substrate 10.

After the bonded substrate stack is separated, in
Fig. 1E, 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 obtained.

Figs. 41A to 41E are views for explaining another

T=oTT;
it
When




di aneter of the substrate holding portion is 2/1 that of p——the-bonded
substrate stack 101 or nore, a satisfactory ef f ect Calﬂﬁﬂp@EMENTe@HEET
Modi fications of the substrate 20 holding portions 1125 jafd~T1850f-
exanple will be i sted bel ow. Figs. 38 to 40 ffw%g

vi ews show ng modi fications of thegsubstrate hol di ng pﬁrt ns¥ 1 ¥y4amnd
1155. In substrate holding portions 1126 and 1156 shown 25 i |

annul ar second support portions 1126b and 1156b eachjconsi sting of an
el astic material (e.g., a

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

5 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 layér 13 is oxidized to form an
10 sio, layer 15. wWith this procéss, a first substrate 10
is'formed.

Referring to Fig. 41C, a single-crystal Si
substrate 14 is prepared as a second substrate 20. The
first substrate 10 and the second substrate 20 are

15 - brought into contact with each other at room temperature
such that the SiO, 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

20 process, the second substrate 20 and the Sio, layer 15
are firmly bonded. The Si0, layer 15 may be formed on
the single-crystal Si substrate 11 side, on the second
substrate 20, as described above, or on both the
single-crystal Si substrate 11 and the second substrate

25 20 sides as far as the state shown in Fig. 41C is

obtained by bringing the first and second substrates




-68 - rubber) are fitted on disk-like first support portions
1126a and 1156a each having a convex section. In substrate hol di ng
portions 1127 and 1157 shown iin Fig. 39, Oring-lik N —stppert
portions 1127b and 1157b 5 each consisting of an el astig MWEWESMEET
a rubber) are fitted on disk-1ikefirst support portjidns 1127a"and

1157a each having a convex section. In <Substrate hol di ng O B4a)
1128 and 1158 shown in Fig. 40, coil springs 18 mpomg

into contact.

Referring to Fig. 41D, the two substra;es bonded to
each other are separated at the porous Si layer 12. The
second substrate side has a multilayered structure of a

5 porous Si layer 12", single-crystal Si layer 13, SiO,
laver lS, and single-crystal 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°'

10 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

15 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

20 is obtained.

As the second substrate, in addition to a
single-crystal Si substrate, an insulating substrate
(e.g., a substrate of silica glasss or a transparent
substrate (e.g.., a substrate of silica glass) can be

25 used.

In this embodiment, to facilitate processing of




1128b and 1158b each having one end coupled to a 10 corre

mai n bodi es 1128a and 1158a are fitted on the mai n bodRER ACE RrSHEET

1158a each having a convex section, and annul ar suppo oTtT oS

1128c and 1158c each coupled to the other end of a co respﬁﬂgi“&g1 qq

one of the coil springs 1128b and 1158bjare also fitted 15 En t i i%

bodi es 1128a and 1158a. The ove separating apphr -

used to separate not only a sem conductor substrate slich as a

bonded substrate stack but al so various sanples. Recordtng~to THE

preferred enbodi nent of the 20 present invention, the efficiency of

separati on processing can be increased while preventing danages to
bonding two substrates and separating them, a porous 5i

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 miérocavity'layer can

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

The substrate manufactured by the above
manufacturing method can be applied not 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
(£luid) to the porous Si layer as a separation region is
used to separate 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




the sanple to be separat ed. I n addition, accordirgF ﬁﬁQEMENT SHEET
ffaet iy

preferred enbodi ment of the present invention, a satis

substrate can 25 be manufact ured. [ Third Enmbodi nent

REPLACEMENT SHEET | 16 MAR 1999
El FFA 1999 ' .35: 69 -

coating f£film from 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, processing, 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 layer, 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 pdssible to use an organic solvent
such as water or alcohol, 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.

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



When this separating apparatus is to be applied to manuf acture a

sem conduct or substrate such as the above-descri bed S lﬂﬁﬁﬂﬁﬁﬂWENT SHEET

pure water or ultrapure water with mninuminpurity

particles is 5 preferably used as a jet nedium However, }if{ the
substrate is to be cleaned after separafdon, water havj 1 v MAR 11839
may be used as a jet nedium —The jet nmediumis notjlimted to
water. It is possi ble to use an organi c sol vent such an al cohol,
10 an acid such as fluoric acid or nitric acid, an alkali | such as
pot assi um hydr oxi de, a gas such as air, nitrogen gas, carbonic acid
gas, rare gas, or an etching gas, or a pl asnma.

substrate may be cleaned after completion of separation
processing.

In this separating apparatus, a jet is ejected to
the porous layer (separation region) exposed to the side

5 surface of the bonded substrate stack, thereby removing
the porous layer from the peripheral portion to the
central portion. With this process, the bonded substrate
stack is separated into two substrates by removing only
the separation region with low mechanical strength

10 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
15 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 pértion of

20 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

25 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. In
addition, the jet medium need contain no abrasive.

At the peripheral portion 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 bonded substrate stack
having a V-shaped groove 22. Eig. 27B shows a bonded |
subétrate 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.

Eﬁen_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 grcove 22, as shown in
Fig. 27A, so the thin layer can be easily 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 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 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, when a

slit-like nozzle is employed to eject a jet having a



5 substrate stack. Fig. 27A shows a bonded substrate stac
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V- shaped groove 22. Fig. 27B shows a bonded substrat

V- shaped groove. As shown in Fig. 27A, in the bgn StTate—]
st ack havi ng the V-shaped groove 22, a force (to be fefferygd &o éo
as a separation force hereinafter) is applied outward ro tM@ égﬁ e
of the bonded substrate stack, as t+ndi cated by an arjow23——Qn.the

ot her hand, as shown in Fig. 27B, in the bonded subsfrate stack with a
convex side surface, a force is applied inward from tHre—srde—t5
surface of the bonded substrate stack, as indicated by an arrow 24. 1In
t he bonded substrate stack having a convex side surface, the

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 nozzle 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 followirg techniques are used to separate the

19 Dbonded 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 interface while the bonded

20 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
bonding interface parallel to the bonding interface

25 while the bonded substrate stack is rotated abouﬁ nearly

the center of the bonded substrate stack (this technique



unl ess the side surface of a porous |ayer 12 as the separation.region

is renoved by a jet 21. 20 Even when a thin filmi EFHAGEMENWtSHEET
S

si de surface

on the bonded substrate stack as far as the bonded siublstr. Has
thi ﬁmm

t he V-shaped

easily broken. 25 To effectiverﬁLuse the jet, a wdt
V-shaped groove 22 is preferably equal to or larger than

. 10

15

20

25

of the bonded substrate stack, the sepalr

groove 22, as shown in Fig. 27A, so th bg

of the

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.

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 a low-pressure jet, a
separating apparatus 100 supports the bonded substrate
stack such that the separation 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 subétrate stack can expand at
its central portion by the pressure of the jet medium
injected into the bonded substrate.stack. As another
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.

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 101lb as an
interngl fragile structure and is separated into two

substrates 10la and 10lc at the porous layer 101b by the
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each of a first substrate (10) and a second substrate RERDAGEMENJ SHEEY
t hi ckness of about 1 mm and the bonded substrate stafkffras™a

t hi ckness of about 2 mm Since the 5 wdth WL of the V-s ﬁaoeq% q%%’z
I's normal |y around 1 mm the diangger of the jet is prefera @Mq

| ess. Since a general water jet apparatus uses a jet Wt

dianeter around 0.1 to 0.5 nm such a general water jet appar at us

(e.g., a water jet nozzle) can be used.

separating apparatus 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 arxre
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 tﬁe motor 110 rotates
the bonded substrate stack 101 wvacuum-chucked by'thé

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 1Sb is coupled to 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 the rotary shaft
103 is coupled 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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| mportant parameters as the jet
pressure applied to the jet

i ons_are the

20 eject.ion condi

medium the jet scanni ng speed,
of
The substrate holding portions 120 and 150 can be

detached from the rotary shafts 104 and 103,
respectively. The substrate holding portibns 120 and 150
have one or a plurality of suction holes 181 and 182 as
vacuum 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 1l04a and 103a are
coupled to vacuum lines 104b and 103b, respectively.
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
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 separation processing using this
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
holding portions 120 and 150. After the bonded substrate

stack 101 is mounted on an alignment shaft 113, the air

the width




the nozzle (the nozzle dianeter is alnost the sane as the jet

di aneter), the nozzle shape, the distance bet ween th_#ﬁgﬁﬁtgwﬁmﬁ'SE& T

separation region, and the 25 flowrate of the jet nmediu
foll owi ng techni ques are used to separate the
-72 - bonded substrate stack._j9.The jet is injedtdd #6t ¢4AM499

cylinder 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. The pressing force is
preferably about 100 to 2000gf. 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

- 150. |

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

20 101. At this time, the bonded substrate stack 101 is
rotated by the motor 110. The rotary shaft 104,
substrate holding portion 120, bonded substrate stack
101, substrate holding portion 150, and rotary shaft 103
integrally rotate.

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 acts
on the bonded substrate stack 101 to break the porous
layer 101b which connects the substrates 10la and 101c.
with this processing, the bonded substrate stack 101 is
separated into two substrates in about 2 min.

Wwhen 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
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)
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
optimized. 1In this embodiment, the separation force is
efficiently used by ensuring a space in which the bonded:
substrate stack deflects in separation processing.
Preferablé arrangements of substrate holding portions
will be listed below. In the following examples, the

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 structures.
[First Example of Substrate Holding Portion]

Figs. 3 to S5 are views showing the arrangement of
substrate holding portions according to the first
example of the present invention. Fig; 3 is a

perspective view, Fig. 4 is a front view, and Fig. S 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
15la which come into contact with the bonded substrate
stack 101. Wwith this structure, the bonded substrate
stack 101 can deflect having "nodes" at a portion
sandwiched by the conﬁact portions 121la and 15l1la 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.101l 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.

)
héd

ak

e
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with 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 (separatién 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.

The outer diameter of each of the contact portions
121a and 151a is preferably, e.g., 30 to 50 mm. The
inner diameter of each of the contact portions 12la and
15la can be smaller than the outer diameter by, e.g.,
approximately 10.mm. However, for easy deflection of the
substrate stack to be separated, the inner diameter of
each of the contact portions 121la and 15l1la 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 front views showing
modifications of the substrate holding portion according
to the first example. Reference numerals 122a, 152a,
123a, 153a, 124a, 154a, 125a, and 155a denote contact
portions ét"which the substrate holding portions are in

contact with the bonded substrate stack 101. Figs. 6 to
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t he shape or characteristics of the nenber to be separated

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 shifted from the center
of the bonded substrate stack 101. These are examples of
a stripe-shaped contact pdrtion.

[Second Example of Substrate Holding Portion]

Fig. 10 and 11 are views showing the arrangement of
substrate holding portions 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 1arge.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 1l26a and 156a and a portion sandwiched
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_when the bhondeds-
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substrate stack is to be separated to the first sub L2}

and the second substrate (10" + 20) side, the bonded sSpbst+f-ate=st
hol di ng met hod in separation processing is preferablly jopti

in consideration of the shape or charagfgeristics 25 (espegi 51|ﬁmﬁl§ifﬁ%99
strength) of the substrates. More —specifically, the} first subsfrat

(10) is formed through - 74 -

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 portion 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 vantinodes" and is completely separated.

The widths of the contact portions (diameter
difference) can be arbitrarily dJdetermined. However, for
casy deflection of the substrate stack to be separated,
the width of each contact portion is preferably smail.

25 In this example, two sets of contact portions are

formed. However, three or more sets of contact portions




-74- various processes (including high-tenperature process)
such as anodi zing, formation of an epitaxial |ayer, and
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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
5 the third example of the present invention. Substrate
holding portions 127 and 157 shown in Fig. 12 are
examples of the substrate holding portions 120 and 150
shown in Fig. 2, respectively.
The substrate holding portions 127 and 157 of this
10 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 12l1la and 1S51la of
the first example with grooves 127b and 157b which
15 divide the contact portions 12la and 15la, respectively.
The grooves 127b and 157b prevent the separation
force from ekcessively acting in the vicinity of the
central portion of the bonded substrate stack 101. More
specifically, when the grooves 127b and 157b are formed,
20 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 excessi#ely increasing near the vicinity of the
central portion. Therefore, the bonded substrate stack
25 101 can be prevented from breaking because of a portion

of the porous layer, where the mechanical strength is



processing with higher probability. In this enbodi nent, a
separating apparatus is di scl osed, in which the deflecti
t he separation force of the jet is nade small for one of B ﬂé@t SHEET
to be separated, which has | ow strength and readily breaks} to prevent
t he menber from breaking, and the gefl ection anount by the sqfnrian 4963
force of the jet I's made | arge for—a nenber which has hi strength
and hardly breaks to increase the efficiency of discharging 20 the
jet mediumfromthe separation region (inside the menberl)
[ Arrangenment of Separating Apparat us] ' A specific arrangenent of
the separati ng apparatus
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

5 contact portions 127a and 157a in about 30 sec after the
start of jet injection into the bonded 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
10 rantinodes" 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 substrate holding portions

15 120 and 150 shéwn in Fig. 2, respectively.

‘The substrate holding portion 128 of this
modification has a plurality of columnar contact
portiqns 128a forming a circle on a main body 128b. The
'substrate holding portion 158 has the same arrangement

20 as that of the substrate holding portion 128. With the
substrate holding portions 128 and 158 as well, the jet
nmedium pressure can be prevented from excessively |
increasing inside the bonded substrate stack 101, so the
bonded substrate stack 101 can be prevented from

25 Dbreaking.

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

which come into contact with the bonded substrate stack
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
as that of the substrate holding pgrtion 129.

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

start of jet injection 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. 1In about 3

min after the start of separation processing, the bonded

substrate stack 101 is completely separated while

corrugating to form "nodes" and "antinodes".



porous |ayer or mcrocavity layer as an internal fragile
This separating apparatus can al so be used to 5 separate
having an internal fragile structure. In this case,
el enents of the separating apparatus nust obviously
modi fied in accordance with the shape _ah .t he nmenber to
10 Fig. 42 is a view schematical 'y show ng the

t he separating apparatus according to the third enbodqi mrent of the
present invention. Fig. 43 is a per spective vi ew shoWwTgpart—of—the

separating
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apparatus shown in Fig. 42. Fig. 44 is a view

By forming grooves 129b and 1294 in the arcuated
contact portions 129%a and 129c, respectively (this also
applies to the substrate holding portion 159), the jet
medium pressure can be prevented from excessively
increasing inside the bonded substrate stack 10l. 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. 14. 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 can be prevented
from breaking.

[Fifth Example of Substrate Holding Portion]}

Figs. 16 and 17 are views showing the arrangement



15 schematically show ng separati on processing. A separating

appar at us 2000 has substrate hol di ng portions 2120 aqﬁF b@

vacuum chuck mechani sns. A bonded substrate stack 100"% A ﬁL
t he substrate hol ding portions 2120 and 2130 and hel .} The 20
substrate hol ding portion 2120 cones ingQ contact with t Heb HHaMRI 4809
substrate stack 101 in a |arge area. The substrate hplHdi ng portion
2130 cones into contact with t he bonded substrate stpck 10T 1Tn a snall
area. Wth this structure, the deflection anount becphnes small _or .25
no defl ection occurs on one side of the bonded substrate stack 101

whil e the deflection anmount in separation

10

15

20

25

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 &nd 17
are examples of the substrate holding portions 120 and
150 shown in Fig. 2, respectively.

The substrate holding portions 131 and 161 of this
modification has a plurality of colummnar contact
portions 131la and 1l6la on main bodies 131b and 161b,
respectively. With the substfate holding portions 131
and 161, the bonded substrate stack 101 can deflect and
corrugate having "nodes" at é portion sandwiched by the
contact portions 13la and 16la, so the separation force
can efficiently act inside the bonded substrate stack
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
the porous layer, where the mechanical strength is
locally high and separation progresses slowly.

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

(separation processing).



REPLACEMENT SHEET -76 - i&i -
Is nmade relatively |large on the other side. The C
stack 101 has a porous | ayer 101b as an internal fragjljle structure and
I S separ at ed into a first substrate 10la and a second sjub4th MAR 1398c

5 at the porous |ayer 101b by the separgglng appar at us 2000. The firdgt

substrate 10la corresponds to the

[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

5 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

10 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

15 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. In
addition, since the jet medium discharge path is
ensured, the jet medium pressure can be prevented from

20 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.

25 wWith the use of the substrate holding portions 132

and 162, the bonded substrate stack 101 is completely




above-described first substrate (10'), and the second . —substrate—1ote-
corresponds to the above-described second subst r at ef REFRUACEMENT SHEET
Se vartiod

As descri bed above, the first substrate 101a is for

processes (i ncluding hi gh-t enperature process) such

formation of an epitaxial |ayer, ﬁﬁf_oxidation and

readily breaks as conpared to the seco substrate 101lc. herefore,
when the first substrate 10la of the bonded substrafe stack 101 is
hel d by the substrate hol ding portion 2120 having a£+argerarea*hofdfr
surface, deflection of the first substrate 10la can be limted

during separation processing and prevented from ‘
separated in about 80 sec after the start of jet

injection into the bonded substrate stack 101
(separation processing). |
Figs. 20 to 24 are perspective views showing

5 modifications of the substrate ﬁolding 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 1l65a is separated into four parts at
its central portion and form a cross. A subsﬁrate
holding portion 136 shown in Fig. 23 has columnar
contact portions 1l36a 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



20 breaking. The second substrate 101c has a strength H-eher—t-ha

hat

0.

;4
TI1IM1

of the first substrate 10la and can Wi t hst and reIathd? SHEET
defl ecti on. Wen the second substrate 101c is held by} tfhe SUDS raré""
hol di ng portion 2130 having a smal |l -area hol di ng surflade, 1t5h$4AR 1999
substrate 25 101c can deflect to some_gxtent in separatign )

processing. Wth this structure, the jetnmediuminjected

10

15

20

25

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.seetional views showing the
arrangement of substrate holding portions accordihg 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
portions 138 and 168 shown in Figs. 25 and 26 are
examples of the substrate holding pertions 120 and 150
shown in Fig. 2, respectively. |

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 portions 138a and 168a and "“antinodes"
near the central portion of the bonded substrate stack

101, so the separation force can efficiently act on the




bet ween the substrates 10l1a and 101c can be efficiently di schar ged,
and consequently, separation processing can be effi ci eptdyr—peri-orred

The substrate holding portion 2120 is coupled to 5 one enJREéLEEMEﬁf;/SHEET
shaft 104 which is rotatably axially ~supported by a suppprt—base—109
t hrough a bearing 108. . The other end of the rotary shajtjl [
coupled to the rotary shaft of a n%{bdor 110. The rotati pnal q%r@%'? 1939
generated by the notor 110 rotates the bonded substrate 10} bkiack-101-
The notor 110 rotates the rotary shaft 104 at

bonded 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 10l1. Since the deflection amounts of the separated
substrates are limited by the limit portions 137b and
1675, 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 amount 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
separéte not only a semiconductor substrate suéh 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 separated._

In addition, according 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



a designated rotation speed in accordance with an instruction froma

controller (not shown). The substrate hol di ng pgron ]
coupled to one end of a rotary shaft 103 which is r ot|RERLA ﬁEQﬁ%ﬂ]%ﬁEET
slidably axially supported by the support base 109 t Hrqugh—a beari ng
111. The other end of the rotary shaft_gg. 103 is coupled tlo 2rq ewg‘ 1999
cylinder 112 fixed on the support se 109. Wen the ji er 114
pushes t he rotary shaft 103, the bonded substrate stakk 101 s

pressed by the substrate hol ding portion 2130. limt the

defl ecti on anmount of the first substrate 10la to an ahmount as snall as

possi bl e, the

10

15

20

25

di aneter of the chucking surface of the substrate
of a separating apparatus according to the second

embodiment of the present invention. In a separating
apparatus 1000, the séparation force is efficiently
applied to a bonded substrate stack to separate 'theée
bonded substrate stack using a low-pressure jet. At the
same time, the bonded substrate stack is supported to
prevent the bonded substrate 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 holding portions 1120 and 1150 and held. The
bonded substrate stack 101 has a porous layer 10lb as an
internal fragile structure and is separated into two
substrates 10la and 10lc at the porous layer 10lb 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 (10.')
side in Fig. 1D or 41D and the substrate 10lc is placed
on the second substrate (10" + 20) side in Fig. 1D or
41D.

The substrate holding portions 1120 and 1150 are



hol di ng portion 2120 is preferably nade equal to or 25 larger than the
di aneter of the bonded substrate stack - 101, and additionally, the

chucking surface is : Rf?gﬁCFNE@U'SHEET

preferably nmade flat to support the entire surface of
substrate 10la. However, the shape of thg.
¥ 16 MAR 1999

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 rotary

5 shaft 104 is coupled to the rotary shaft of a motor 110.
The rotational force generéted by the motor 110 rotates
the bonded substrate stack 101 vacuum-chucked by the
substrate holding portion 1120. In separating the bonded
substrate stack 101, the motor 110 rotates the rotary

10 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

15 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 1150.

20 The substrate holding portions 1léO and 1150 can be
detached from the rotary shafts 104 and 103,
respectively. The substrate holding portions'lizo and
1150 have one or a plurality of suction portions (e.g..
annular grooves) 1181 and 1182 as vacuum chuck

25 mechanisms, respectively. The suction portions 1181 and

1182 communicate with rotary seal portions 104a and 103a



chucki ng surface of the substrate hol ding portion 2120 is not limted
to this. The chucking surface may be a 5 curved surface
spherical surface or have a smal |l er area than the bond
stack 101. That I's, the shape of the chucking surface
hol di ng portion 2120 is determi ned in aggordance with

defl ection anount of the first substrate 10 10la.

hand, the shape of the chucking surface of the substrgte—he g
portion 2130 is determined within the allowabl e defl egti on anount
range of the second substrate 101c such that the deflecC

anount of the second substrate 101c becones | arger than
through the rotary shafts 104 and 103, respectively. The

rotary seal portions 104a and 103a are coupled to vacuum
lines 104b and 103b, respectively. Thesgse vacuum lines
104b and 103b have solenoid wvalves. 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 i120 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



that of the first substrate 101la. The substrate hglding—porii-ons

2120 and 2130 are present on the sane rotary axis. The ﬂEFiﬁCENENT SHEET
hol di ng portions 2120 and 2139 can be detached fromthqg rmotary—20
shafts 104 and 103, respectively. The substrate hol ding o ib @&RZ#ég
and 2130 have vacuum chucki ng grooves 0fy - their hol di ng {syrfafe

grooves conmuni cate with vacuum | i Aes extendi ng through tlhe.rotary
shafts 104 and 103, respectively. These vacuumlines arle coupled to

25 external vacuum lines through, e.g., rotary vacuum | totnt-s—Te

external vacuum|lines have sol enoid val ves.
is held not by vacuum chucking but by the pressing force
of the air cylinder 112. The pressing force is
prefefably about 100 to ZOOng. The bonded substrate
stack 101 may be vacuum-chucked, as a matter of ‘course.
5 In sebaration 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

10 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
ipto the separation region of the bonded substrate staqk
101. At this time, the bonded substrate stack 101 is

15 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

20 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

25 separated into two substrates in about 2 min.

Wheri the bonded substrate stack 101 is separated



79, -+ -7- By controlling the
sol enoi d val ves, setting/renoval of t he substrate stach W@QMENT SHEET
controll ed. Substrate separati on processi ng usi ng |t s -mmrm—————
separating apparatus 2000 will be described bel ow. 5 To ?ﬁ %61999
bonded substrate stack 101 in the . g£harating apparat us [2Q00; t)
the rotary shaft 103 —

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 wvacuum-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 optimized. In this embodiment, the separation force is
efficiently applied by ensuring a space in which the
bonded substrate stack warps in separation processing,
and éimultaneously, the warp amount is limited to
prevent the bonded substrate stack 101 from breaking.

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

25 structures.

[First Example of Substrate Holding Portion]



Is retracted by the air cylinder 112 to set a predet erm ned interval

bet ween the hol di ng surfaces of t he substrate hol di ng pdgQ ]
and 2130. After the 10 bonded substrate stack 101 is nount Rtgﬁﬂggﬁiﬂ% SHEET

al i gnnent shaft 113, the air cylinder 112 pushes the rofajy shaft

103, so the bonded substrate stack 101 $. pressed and hel (taeM@Ramgg
shown in Fig. 42). The alignnent shaft — 113 is rotatablyfayially
supported through bearings 105 15 and 107. In this

t he bonded substrate stack 101 is held not by vacuum chiicki ng but by

the pressing force ~of the air cylinder 112. The pressing force is
Figs. 29 td 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
bresent invention. Fig. 29 is a perspective view, Fig.
_5 36 is a sectional view showing a state before separation
érocessing, and Fig. 31 is a sectional view showing a
state during separation processing.
The substrate holding portions 1120 and 1150 of
this example have éonvex support surfaces 1120a and
10 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‘substréte stack 101
in separation processing. A warp amount h is preferably
15 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
20 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
25 the pressure (separation force) of the jet medium

injected into the bonded substrate stack 101, as shown



preferably about 100 to 2000gf. The bonded substrate 20 stack 101 may be

vacuum chucked, as a matter of course. A jet nedi ) )
is sent froma punp 114 to a jet nozzle 102, and proc ﬂM@MEWﬁEET
until the jet ejected fromthe jet nozzle 102 stabiliZeq. Wen the jet
stabilizes, a shutter 106 is opened to_jpiect the jet 25 }intojigh¢AR 1999
separation region of the bonded substra&e stack 101, gnd at the sane

time, the bonded substrate stack

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

S 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
" substrate holding portions 1120 and 1150 of the 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 1ll2la and 1l15la each made
of a cone having a convex vertex. Substrate 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



101 is rotated by the notor 110. At this tine, the rq
substrate hol ding portion 2120, bonded substrate stack
hol di ng portion 2130, and rotary shaft 103 integrally
nozzl e 102 5 is attached to a position adjustnent nechani S
X-Y stage), so the position fromwhich_tghe jet is I nj ed
bonded substrate stack 101 can be justed by the posit
mechani sm When the jet is injected, a separation

tary §haff 104

REPLACEMENT SHEET
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TG & wihisse

n_adi ust nent
force due to

10 the pressure of jet nmediumcontinuously injected into

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

5 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 the bonded substrate stack

101. Wwhen the diameter of the substrate holding

portion

10 is 2/1 that of the bonded substrate stack 101 or more, a

satisfactory effect can be obtained. However, the

present invention does not exclude a substrate holding

portion having a diameter smaller than 1/2 that of the

bonded substrate stack.

15 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

20 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. Substrate holding portions 1125

25 and 1155 shown in Figs. 36 and 37 replace the substrate

holding portiohs 1120 and 1150 shown in Fig. 28,




t he porous .| ayer 101b as a fragile structure acts on the __bonded

substrate stack 101 to break the porous |ayer 101b whi

substrates 10la and 10lc. At this time, the substrates ﬁ AgﬁﬁﬁﬁﬂisﬁfET
deflect in the 15 allowable ranges of the substrate hol di portions 2120
and 2130. In this separating apparatus 2Q00, the defl e¢t { onl GnMARt1989
the substrate 10la is relatively skl , and that of the pubstrate 10lc
is relatively | arge. 20 Wth this processing, the bonded —
substrate stack 101 is separated into two substrates i ut 2 min.

When the bonded substrate stack 101 is separated

respectively.

In the substrate holding portions 1125 and 1155 of
this example, disk-like subport portions 1125b and 1155b
of an elastic material (e.g., a rubber) are bonded to

5 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

10 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

15 portion 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 open to form a V shape due to the
pressure (separation force) of the jet.médium injected

20 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. As
separation'processing further progresses, the bonded

25 substrate stack 101 is completely separated in about 2

min after the start of separation processing.




into two substrates, the shutter 106 is closed, and the peration of

punp 114 is stopped. By stopping rotation 25 of the notor 1

controlling the above-descri bed el ectromagneti c val ves,

substrates 10la _ |
REPLACEMENT SHEET e -81 - || Auba MAgn 939
are vacuum chucked by the substrate holéiﬂg portions 2130 [and 2130. -

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. 1In addition, when the warp amount

5 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 substrate

10 stack 101, the entire surfaces of the support portions
1125b and 1155b are preferably formed from an elastic
material. However, the entire surfaces oﬁ the support
portions need not always be made of an elastic material.
In éddition, the substrate holding portion preferably

15 has a diameter with which it can support the entire
surface of the bonded substrate stack 10l. 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

20 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

25 in Fig. 38, annular second support portions 1126b and

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



When the air cylinder 112 retracts the rotary shaft 103, the surface

tension of the jet nmedium(e.g., water) 5is cut off to spl |
physi cal |y separated substrates 10la and 10l1c to both s E MENT SHEET

Modi fications of the substrate hol ding portion of the sepprating
apparatus 2000 wi Il be described next. . [First Modificat}]op] 1 6:OMAR 1999
In the separating apparatus of this m)d'i§§| cation, the stbgtrate
hol di ng portions 2120 and 2130 of the separating appar aj us—2666—stown
in Figs. 42 to 44 are replaced with each other. Fig. 45}is a view
show ng t he schematic arrangenent of -a separating apparatus 2000° of

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 each 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
1158c each coupled to the othef 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
separatelnot only a semiconductor substrate such as a
bonded substrate stack but also various samples.

According to the preferred embodiment of the

20 present invention, the efficiency of separation
brocessing 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]



15 thfs nodi fication. In this separating apparatus 2000', the

substrate

hol di ng portion 2120 holds the first substra -
of the bonded substrate stack 101, and the substrate h R éﬁl @EﬂﬁoﬁHEET

2130 hol ds the second substrate 101c. 20 That is, in the $eparating
apparatus 2000', the bonded substrgte stack 101 is hel

second

uchbt MAR 1989

substrate 101c is positioned& on the side of thejr¢tary

shaft 104 whose horizontal position is fixed. Thi ¢ separatrng
apparatus 2000' is suitable to 25 reuse the first substratte _10la affer
separation as the first substrate (10) by renoving the porous |ayer
101b

10

15

20

25

When this separating apparatus is to be applied to
manufacture a semiconductor substrate such as the

above-described SOI substrate, pure water or ultrapure

" water with minimum impurity metals or particles is

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,
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, 6r an etching gas, or
a plasma.

In this separating apparatus, a jet is ejected to
the porous layer (separation region) exposed to the side
surface of the bonded substrate stack, thereby removing
the porous layer from the peripheral portion to the
central portion. With this process, the bonded substrate
stack is separated into two substrates by removiné only
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
substrate stack can be separated by the above-described

method.
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on the surface of the substrate 10la. The reason for [t
foll ows. When the first substrate 10la is to be MEMWT SHEET

first substrate 10la becomes thinner in accordance with 5 |t he nunber of
times of reuse. For this reason, when separati on prodegsi [ e
efficiently and -10- Té I\’FARtiQSQ

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 én 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 separation 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 substfate 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 Wl of the

V-shaped groove 22 is preférably equal to or larger than




appropriately performed in the separating apparatus 2000 _shown in Fig.

42, the jet nozzle 102 nust be | ocated I mredi atel y abov i
separation region of the bonded 10 substrate stack 101 for EEACHWERT SHEET
separation processing. If the position of the jet nozzle {102 is fixed,
the jet may not be injected into the center of the porous| | 4yerMAR1399
to danage the substrates 10la and 101lc. — However, ijn {t he

separating apparatus 2000' of this 15 nodification, as fary as the bonded
substrate stack 101 whose second substrate 101c has a term ned
thickness is to be processed, the positional rel ati onshi p between the

porous | ayer

101b and the jet nozzl e 102 does not change even when the

position of thegjameter d of the jet 21. For example, assume that
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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
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 watér 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) can be used.

The nozzle for ejecting a jet can have not only a
circular shape but any other shapes. For example, when a
slit-like nozzle is employed to eject a jet.having a
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
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
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
flow rate of the jet medium.

The following techniques are used to separate the



20 jet nozzle 102 is fixed. This is because the position of t he

substrate holding portion 2130 is fixed, and the secofl
hel d by the substrate hol di ng portion 2130 has a predg ﬁééuﬁﬁgﬁﬁﬁ? §ﬁtﬁT

t hi ckness. [ Second Modification] 25 In this nogfification, the
structure of each substrate hol di ng, portion of the se)a aty goMan 1999
appar at us —_
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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
thé 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 technigue.
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 ggainst 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



2000 shown in Figs. 42 to 44 is nodified. Fig. 46 is a vi ew show ng

the schenmatic arrangenent of the substrate hol di ng por ty f
separating apparatus of this nodi fication. In this sep&ﬁé@iﬂbtw&ﬂﬁ-SHEET
apparatus, a substrate 5 holding portion 2121 having an al fogt circul ar
chucki ng surface holds the first swbstrate 10la side of the15:ygg 1999
bonded substrate stack 101, and a substrate hol di ng poritijon 2131

havi ng an al nost annul ar chucki ng surface hol ds t he secjond—stbrstrare
101c side of the bonded 10 substrate stack 101. The substrate

hol di ng portions 2121 and 2131 of

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 bé 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 force is compensated for by the separation

15 forcef With this method, damages to the substrate can be
prevented at a relatively high ratio.

However, to preveht 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 bondéd substrate stack holding
method in separation processing is preferably optimized
in consideration of the shape or characteristics

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

specifically, the first substrate (10) is formed through



this nodification limt the deflection anmounts of the first substrate
101la and that of the second substrate 101c in the allo [ Feia
anount ranges, 15 respectively, and increase the efficiency Puﬂﬁﬂmﬁﬁféﬁi
processi ng whil e preventing danmages to the substrates 1 and 101c.

Since the dianmeter of the substrate hol,gl‘i ng portion 21201 | s {6 MAR 1899

t han t he bonded substrate stack 101, the

EET

20 first substrat 0la deflects

while warping at its outer peri pheral portion in separdtion
processi ng. The hol di ng surface of the substrate holdirdg.portion 2121

may be a
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flat surface or a curved surface such as a spherica

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 (20). If the substrate is used
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 pm every time an SOI substrate is manufactured.
For this reason, as the number of times of reuse
increases, the first substrate 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
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'
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
invention will be described below with reference to

Figs. 42 to 44.




surface. On the other hand, -since the substrate holding 25 portion 2131

has an annul ar hol ding surface, the substrate 101c de t 't '
corrugating form ng R- -HﬁENf SHEET
"nodes" near the. chucking surface (701 and 702 in Fig. 6) and
"antinodes” at the outer peripheral porgion and 16 MAR 1999

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

5 separate another member having an internal fragile
structure. In this case, the buildihg 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 10l in a large area. The
substrate holding portion 2130 comes into contact with
the bonded substrate stack 101.in a smalllarea. 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




central portion.

wi th shapes allowi ng the second substrate

corrugating are enpl oyed,
substrate stack 101 can

When the substrate hol ding portions 2

5 101c to defle
the jet medi uminjected into
be efficiently discharged.

121 and 2131
ct_while
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Separ ati on processing was executed using
After the jet was injected into
proceeded to the
hol di ng portion 2131 in about 30 sec.
t he hol ding surface (702 in Fig. 46) on
and the substrate

30 sec,
Fig. 46.
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this separati pgfappar at us,
10 t hefbonded substrate stac 18& MARE1908 ¢
hol di ng surface (701 in Fig. 46) of the|substrate
After this, jjet proceeded to
t he opposite si
15 101c deflected while corrugating, as shown in

processing is made relatively 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 10lc
at the porous layer 101b by the separating apparatus
2000. The first substrate 10la corresponds to the
above-described first substrate (10'), and the second
substrate 10lc corresponds to the above-described second
substrate (10" + 20).

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.
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 from
breaking. 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

101lc can deflect to some extent in separation

processing. With this structure, the jet medium injected



The bonded substrate stack 101 was separated into two substrates in

about 3 mn. I n separation processing of the bon

stack 101, the jet nediumis hardly discharged at the 20 c ng [

of bonded substrate stack. For this reason, the pressu EEAQT&}$l£8HEET
mediumreadily increases, so the cgptral portion is easi]y ggnaﬂquﬁf
conpared to the peripheral portion. Henhte, when only the sd L b

vwhi |l e _expandin
al portion, as

substrate 101c with high strength is allowed to 25 deflect
to the substrate hol ding portion 2131 side at its cent
in the substrate :

between the substrates 10la and 10lc can be efficiently
discharged, and consequently, separation processing can
be efficiently performed. |

The substrate holding portion 2120 is coupled to

5 one end of a rotary shaft 104 which is rotatably axially
supported by a éupporﬁ 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

10 stack 101. The motor 110 rotates the rotary shaft 104 at
a designated rotation speed in accprdance 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

15 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

20 pressed by the substrate holding portion 2130.

To limit the deflection amount 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

25 larger than the diameter of the bonded substrate stack

101, and additionally, the chucking surface is



-85 - hol di ng portions of this nodification, the discharge
path of the jet nedium can be ensured while preventing

first substrate 10la with | ow strength. [ Third Modific
In this nodification, the structures of the substrate
portions 2120 and 2130 of the sepﬂggting appar atus 200
Figs. 42 to 44 are .-

EET|

preferably made flat to support the entire surface of
the first substrate 10la. However, 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 101a.

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 secbnd substrate 101c becomes larger than
that of the first substrate 10la.

The substrate holding portions 2120 and 2130 are
present on the same rotary axis. The substrate holding
portions 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.



nodified. Fig. 47 is a view show ng a nodification of t he substrate
hol di ng portion 2120 for holding the first 10 substrate side. Fig. 48 is

a view showing a nodification of the substrate hol ding 8ﬁpiemmgﬂiﬁ?AgHEET

for hol ding the second substrate side. As sh

a substrate hol ding portion 2122 f hol ding the first pupstrate 10la
side has a 15 dianmeter slightly smal1&r than that of the bpnfled 6 MAR 1338
substrate stack 101 and a flat chucking surface. Theref prg, the first

substrate 10la deflects while warping at its outer peripheral portion-

I n separation
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pr ocessi ng.

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.

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
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 through bearings 105
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
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 jet 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
into the separation region of the bonded substrate stack

101, and at the same time, the bonded substrate stack



20 - On the ot her
portion 2132 has a plurality of projecting chuck portiRp Te
second substrate 101c side of the bonded substrate stag PLEEB@ENlpﬁﬂﬁET
by the tips of the plurality of chuck portions 2132a.}Wen the second
25 substrate 101c side is held by the &Zj ecting suction 1olor MAR 1899
2132a, the substrate 101c can easily de¥re : _
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hand, as shown in Fig. 48, a substrate hol di ng

ct,

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
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
the pressure of 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. At
this time, the substrates 10la and 10lc deflect in the
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.

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

electromagnetic valves, the separated substrates 10la



and the jet nediuminjected into the bonded substrate sta 101_can_he.

efficiently discharged. To stably hold the bonded SUbStfatREPtRGHWENW-SHEE¥
nunber of projecting chuck portions 2132a is preferably th

d varéﬁts

of ‘

The present invention is not limted to the above enbodinbn S
changes and nodifications can be nade é%thin the spirit aphd sd 3§
present invention. Therefore, to appriSe the public of the pcope
present invention, the follow ng clains are nade.

D

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 physically 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
holding portion 2130 ho;ds the second substrate 101c.

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 101lb



-87 - VWHAT IS CLAI MED | S 1. A separating apparatus for

separating a plate-Ilike sanpl e havi ng an Internal frag %E;EU?G’@BE@' SHEET

the fragile | ayer conpri sing: 5 ajet unit for
fluid to the sanple; and a pair of holding portiohs|opposing

each other to sandwi ch and hol d tgf sanpl e, wherddh rMARI1989
pair of holding portions hold the =T :

remaining on the surface of the substrate 10la. The
reason for this is as follows.
When the first substrate 1l0la is to be reused, the
first substrate 10la becomés thinner in accordance with
5 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
10 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
15 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
20 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]
25 In this modification, the structure of each

substrate holding portion of the separating apparatus




sanple to allow the sanple to expand at a vicinity of -10 _a central area

of the major surface of the plate-Ilike sanpl e due to Prﬁﬁﬂ” |
the fluid ejected fromsaid jet unit and injected in %Eiuesa%¥1;§HEET
2. A separating apparatus for separating a pl at e} |

ke sanpl e
having an internal fragile layer at 15 3 the fragile |ayer conﬂrﬁ sM"E%:?BBS

ajet unit for ejecting a fluid to the Eanpl e; and a_pair
of hol di ng portions opposing each other to sandwi ch d hold the
sanple, 20 wherein said pair of holding portions lLd.the

sanpl e which can corrugate due to a pressure of the

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
5 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

10 substrate stack 101.

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

15 respectively, and increase the_efficiency of separation
processing while preventing damages to the substrates
10la and 101c. |

Since the diameter of the substrate holding portion
2121 is smaller than the bonded substrate stack 101, the

20 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

25 portion 2131 has an annular holding surface, the

substrate 10lc deflects while corrugating forming



fluid ejected fromsaid jet unit and injected into the
The apparatus according to claiml1l or 2, wherein 25 at |ea{ ﬁ@hﬁCEMEM BHEET

pair of holding portions has a hol I ow contact portion, gnd the Sanpre
is held by - 88- br{ ag
said contact portion into contact with ts‘t\e 18 Mﬁﬁ 1993

"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 alléwing the second substrate
5 101lc to deflect while corrugating are employed, 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 101c defiected 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 central portion of bonded subétrate 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 substrate 10lc 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




‘'sanpl e. 4. The apparatus according to claim3, whergin said

contact portion conprises a nultiple of contact portions.

apparatus according to claiml or 2, wherein at | eas R§ M ThSHEET
pai r of holding portions has an ' annul ar contact portifoh, and the
sanple is held by bringi ng said cggt act portion intojc nt ot MAR: 1988 np
sanple. 10 6. The apparatus accordEng to claimb5, whejein said
contact portion conprises a nmultiple of contact portions. The
apparatus according to claim1l1l or 2, wherein at | east Ld_pai
of hol ding portions has one or a plurality of stripe-shaped contact

portions, and the

holding portions of this modification, the discharge
path of the jet medium can be ensured while preventing
damages to the first substrate 1l0la with low strength.
[Third Modification]

5) In this modification, the structures of the
substrate holding portions 2120 and 2130 of the
separating apparatus 2000 shown in Figs. 42 to 44 are
modified. Fig. 47 is a view showing a modification of
the substrate holding portion 2120 for holding the first

10 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

15 diameter slightly smaller than that of the bonded
substrate stack 101 and a flat chucking surface. .
Therefore, the first substrate 10la deflects while
warping at its outer peripheral portion in separation
processing.

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

25 substrate 10lc side is held by the projecting suction

portions 2132a, the substrate 1l0lc can easily deflect,



sanple is held by bringing said contact portion into
t he sanpl e.
| east one of said pair of holding portions has one or | A {
of arcuated contact portions, and the sanple 20 is held ﬁEBﬁAﬁ N&§HL§H§§T
contact portion into contact wi th the sanple. 9. The apparatu$
according to claim1 or 2, wherein -88r | east one of saild |paj AR 1999
hol di ng portions has one or a plurality of projectingijcdntact portions
on a main
contact portion into contact with the sanple.

8. The apparatus according to claim1 or 2, wherein

contact with

25 body surface, and the sanple is held by bringi sai d

and the jet medium injected into the bonded substrate
stack 101 can be efficiently discharged. To stably hold
the bonded substrate stack 101, the number of projecting
chuck portions 2132a is preferably three or more.

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

of the present invention, the following claims are made.
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10. The apparatus according to claim1 or 2‘ wherein
of _said pair of .ho!dJ:—ng portions has a Rtp COHt

t he sanple is held bri ngi ng said cont BACENENTlsﬂng
t he Th1s5hceslarﬁb RePlace 11. The apparatus accofd{ng to ctarm
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WHAT IS CLAIMED IS:

1. A separating apparatus 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;

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 the fluid ejected
from said jet unit and injected into the sample.
2. A sebarating apparatus 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

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

wherein said pair of holding portions 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
at least one of said pair of holding portions has a

hollow contact portion, and the sample is held by

[
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contact portion which comes inte contact with a peri = oT3 oo
the sanple, and the sanple is heId 10 by bringing said c %t Cp@kﬁh§$HEET
into contact Wl'lfhbstxé%a{asBeende 12. The apparatus gcdordi ng to

Q
claim 11, wherei nt act portion can contact th Wnoi R 1999
peri pheral port| l sanpl e. 5 13. The appanatjus accord| ng
to any one of cl 12, furi®er conprising a rotjary—mecheant-sm

for rotating sai d holdlng portion about. a shaft perpendicular to a
surface of the sanple. 14. The apparatus according to any one of
clains 1 to

bringing said contact portion into contact with the
sample.
4. The apparatus according to claim 3, whérein said
contact portion comprises a multiple of contact portions.
5 5. 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
contact portion comprises a multiple of contact portions.
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.
8. 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 plurality of projecting contact portions on a main
25 Dbody surface, and the sample is held by bringing said

contact portion into contact with the sample.
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20 13, further conprising an adjustnment mechani smfor

di stance between said pair of hol di ng portions. 1ﬁ§ [ - W3
| NT (SHE|

apparatus according to claim 14, wherein in separati ng

the fluid, sallhis ﬁﬂ]ﬂ%ﬂ&@laﬁﬁ mechani sm presses the sanpl

di st ance 1 MI Ism”' lml r of hol dé&g porti ons.

-90- .

adj usting a

eijto adju51 t he

16 man 1689
}

—

10. The apparatus according 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

5 sample.

the

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 into contact with a

peripheral portion of the sample, and the sample is held

10 Dby bringing said contact portion into contact with the

sample.

12. The apparatus according to claim 11, wherein said

contact portion can contact the whole peripheral portion

of the sample.

15 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

20 13, further comprising an adjustment meéchanism for

adjusting an interval between said pair of holding

portions.

15. The apparatus according to claim 14, wherein in

separating the sample by the fluid, said adjustment

25 mechanism presses the sample to adjust the interval

between said pair of holding portions.

"THIS SHEET HAS BEEN
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16. The apﬁgﬁjﬁ,w_di—ﬂgfﬁ-@ claim 14, wherein in separating the
sanple by t uid, said adjustnent mechani sm mai nt ai

substantlally.ﬁggﬁkamk bet ween said pair of knﬁEéLﬁﬁEMENT SHEET

portions. ﬂﬂ“ma“ \‘w‘ﬂfat us according to any one of c| ms 1to

16, wherein eac of hol di ng, portions has a C

mechani sm for v cking the sarrp'l@ 18. The apphr pt t}gﬁ( MAR 1399
according to any one of clains 1 to 17, wherein the sappte—ecorpri-ses
a substrate having a 10 porous layer as the fragile |ayer. 19. A
support apparatus for supporting a sanple, which ~ is usedTn a

separating apgarat 4§, J Qb 3¢RRLA! LBGofding to claim 14, wherein in

10 .

15

20

25

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

17. The apparatus according to any one of claims 1 to
16, wherein each 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 ldyer 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

M
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pl ate-1i ke sanple having an internal fragile |ayer at t he fraglle

| ayer conprising. 15 a pair of holding portions oppos
to sandwi ch and hold the sanple : wherei n said

hol di ng porti onBrsfheeHasReen Replacedanpl e to al | ow t he sanpl e to} ekpand f“?
bt 4 g

unit

vicinity of of the gmjor surface of the
sampl e due to a fluid eected froma ] e
[

5&?%3%%%
A=

n said separating apparatus and njected into the sanp
support apparatus for supporting a sanple whi ch I s usep
separating apparatus for separating a 25 plate-like sanple

internal fragilg) ¥ af 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 holdiﬁg portions has an
15 annular contact portion, and the sample is held by
bringing said contact portion into contact with the

sample.

24. The apparatus according to claim 23, wherein said

contact portion comprises a multiple of contact portions.

20 25. The apparatus according to claim-19 or 20, wherein

at least one of said pair of holding portions has one or

a plurality of stripe-shaped contact portions, and the
sample is held by bringing 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 of holding portions has one or

REPLACED
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the fragile Layer conprising: a pair of holdin
opposi ng each other to sandwi ch and ho

wher ei n sai QWHthﬂd cgbrtlons hol d t he anple
sanple to corr pressure of a f|UId ej ¢
unit arranged i .9
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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 oﬁe 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 held

by

bringing said contact portion into. contact with the

sample.

29. The appératus according 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 claim 29, 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 perpendiculaf to a

surface of the sample.

THIS SHEET HAS BEEN
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5 sai d separ at| ng appara Injected into the sanple. EACEMENTSHEET

sanpl e.

cont act portlon conprises a multiple of

appar at us ac c BigiSheq Hhop e1(19 or 20, wherein at | east
pair of holdin hol | ow contact portion, &and the sanple
is held by H"E ﬂﬂ d contact portion into contact wjth the MAR 1999

at us accordl_gg to claim 21, wherein|said
ont act portions. 23. The

apparatus according to claim19 or 20, wherein at |east ane of _sald
pair of holding portions has an 15 annular contact portion, and the
sanple is held by bringing said contact portion into contact with the

10

15

20

25

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 holding
portions.
33. The apparatus according to claim 32, wherein in
separating the sample by the fluid, said adjustment
mechanism. presses the sample to adjust the interval
between said pair of holding portions.
34. The apparatus according to claim 32, wherein in
separating the sample by the fluid, said adjustment
mechanism maintains a substantially constant inter&al
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
chuck mechanism for vacuum-chucking 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
sample having an internai_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;

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

receiving the separated samples from said

————
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sanpl e. —24——Fhe-—apparatus according to claim23, wherein said

apparatus ac 19 or 20, wherein at |eas REPQAQENENWdSHEET,

pai r of holdi one or a plurality of strifpg—staped

contact porti sanpl e hel d by bringing si t
portion into cont act with the sarrp%e. 25 26. The appgra fgsﬁih 1999
according to claim19 or 20, wherein at | east one of sqid.pair. of
hol di ng portions has one or

contact port OQH o rlses a nmultiple of contact portions. 25 The

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 layerside 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 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 layer are sequentially formed on one surface, to a
second substrate; and
separating the bonded substrates at the porous
layer,
.whereiﬁ said separating apparatﬁs of any one of
20 claims 1 to 18 is used in the separation step.
41, A separating apparatus 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,
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- 92 - a pIMuat ed contact portions, - o
is held by bringil lﬁalHdsEeQM{ portlon i nto contact w%ﬁEW %HEET
sanpl e. 27. accordlng to claim19 or j2d, wherein

at | east one of s d| ng portions has one or &BpMNblSBBy
of projecting conta on a ITB.I body surfacqg, j{and the sanpl ¢
is held by bringing sald contact-ﬁortlon Into contact] wth the-

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

10

15

20

25

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
warp.amount.
42 . The apparatus according 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.
43. The apparatus according to claim 42, wherein said
support surface substantially comprises part of a
spherical surface.
44. The apparatus accdrding to claim 42, wherein said
support surface comprises a surface formed by a cone
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
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 c§lumns.
wherein at

48. The apparatus according to claim 41,

least one of said pair of holding portions includes an

THIS SHEET HAS BEEN
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10 at |east-one ofsaird pair of holding portions has a
cont act portlo?hls Jol o L& is held by bringing saio

portion into C sanpl e. 29. The appar at us
according to clg E mHn H erein 15 at |east one of saifd jpail® AR 1399
hol di ng portion ntact porgd on which cones int

dontact _with af

peri pheral portion of the sanple, and t sanple is held by bringing
said contact portion into contact with the sanple. 20 L3Q Tha, S
apparatus according to claim?29, wherein said contact portion can

contact the whol e peripheral portion
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 suppoft portion
5 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.

10 51. -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

15 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.

20 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

25 separating the sample by the fluid, said adjustment

mechanism presses the sample to adjust the interval

AT N R D
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of the sarrpl e. appar atus according to any one_of claios. 19 .

to 30, furtherigg ng a rotary nmechani smfor rotatj |§6E

hol di ng portmmS perpendlcular to a surfa#“gir ”NEWNHSHEET
sanpl e. -93 - ﬁ ? 51
appar at us accor ny one of clain®$749 to 31, fu*the &CMAT#I%Q g
an adj ust nent nechanlsnlfor :

10

15
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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

between said pair of holding portions.

- 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
57, wherein the sample comprises a substrate having a
porous layer as the fragile layer.
59. 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 for sandwiching and
holding the sample,

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 a jet unit
arranged in saild 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
convex support surface, and the sample is held by said

support surface.

_ A
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adj usting a distance between said pair of holding portions. 5 33

The appar at us 1RABedniRepha@iim 32, wherein in separ

by the fluid, F%% b ; mechani sm presses the m(&m%
t he di stance H‘ de pai r of holding portions. | 34. The
appar at us accor 2, wherei-in 10 separating the{faMnf: 1393
the fluid, said adjustnent mechani sm mai ntai ns a subst lally
constant di stance bet ween said pair of holding portiong. 35.

The apparatus according to any one of clainms 19 to 34,

erein.each.aof

sai d pair of djol di ng,PAHI-QN% 188 Bording to claim 60, wherein said

support surface substantially comprises part of a

spherical surface.

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

with a convex 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 claim 60, wherein said
support surface comprises a convex surface formed by a

15 stack of several columns.

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

20 67. The apparatus according to claim 59, 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 subport 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.

T
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15 chuck gggﬁgngﬂLLe%fvaEﬁﬁﬁwchucking t he sanpl e. 36. The o
appar at us cording to agne of clains 19 to~ 35, wher

conprises a §Mpsk¢§? 1 porous | ayer as the fraijEleegwﬂmHlSHEET
37. A separ separatlng a plate-like 20 sanplie h§V|28 an
I nt er nal frag| e fragile _99. | ayer conpri sing ﬁ pM 1899
transferring t sanple to sai d separ at¥ng appar atus of {a one of
claims 1 to 18; separating the sanple at the fragil e |ayer by
said 25 separating apparatus; and recei ving the depatrattdemmeme
sanples fromsaid

69. The apparatus according to claim 59, wherein 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, further 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 apparatﬁs according to claim 72, wherein in
separating the sample by the fluid, said adjustment
mechanism presses the sample to adjust the interval
between said pair 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 claims 59 to
74, wherein éach 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
_
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REPLACEMENT QHFI:T ' -94 - . separating

appar at us.

used as the fh %¥ed from said jet unit. 39. —
separatin mat ing a substrate at a 5 porous|lgyer, e
sugstrat egbel nding a -100-0n-porous |ayersidelof{8 MMs1999

substrate, in mhlch t he porous | ayer and the non-poroug ltayer are

sequentially

10

15

20
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The rret hod according to claim 37, VmerﬂEPLWMENTS SHEET

75, wherein the sample comprises a substrate having a
porous layer as the fragile layver.
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;

éeparating 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 laver and the.non-porous layer are sequentially
formed on one surface, to a second substrate, wherein

‘said séparating 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 férmed on one surface, to a

second substrate; and
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formed on one surface, to a second substrate, wherein £ e
appar atus of—any one of claims 1 to 18 10 is used for sep NT SHEET
40. A subs gﬁgﬂﬁﬁnuEﬂ&bmmdng met hod conprising the

bondi ng a non ide of a first substrat e, 'n‘wq : AR 1899
por ous Iayer _ ‘““ Hm ous 15 [I-dPtr are sequential |l y|f )rrred on one
surface, to a bstrate; and separ at i my—tire=bordee

substrates at the porous | ayer, . ‘Wherein sai§l separating
apparatus of any one of 20 <clains 1 to 18 is used in the separation s

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 méke a deflection amount 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 surface 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 into the sample, and said
25 second holding portion holds the other surface of the

sample to cause the other surface to deflect due to the

1
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41. A sepaLaLLng—appaFa%ﬂS*for separating a plate-like sanpl e havi ng
an internal fragile |ayer e fragile | ayer conprisin —
ajet unit for ﬁ'“a‘\ to the sanple; and 25 gE, EEMENT SHEET

hol di ng portlon ot her to sandwi ch and hol ¢ {he sanpl e,

- 95- - 102 - 16 MAR 1999

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 éaid 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 of 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

REPLACED

THIS SHEET RAS BEEN ROk




wherein said pair_of ' ortions allowthe sanmpl e

sanple is dr"aéa”Tﬁ?ggfﬁgﬁg:E;s by a pressure of the RBPQﬁéﬂuﬁﬁidSHEET
fromsaid Jetngmﬁa}hsBﬂm I njected into the sanple and si fruftaneousTy

limit a 42. The apparatus accordin

wherei n at vﬁlm said pair hol di ng portions gas a sm@ﬁ%g
convex support ace, and the sanple £t& held by said stpport '
surface. 10 43. The apparatus according to claim42, whefein said

support surface substantially conprises part of a spheri cal surrace.

44. The apparatus according to claim42, wherein said

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
5 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
10 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
rotate the sample.
93. The apparatus according to any one of claims 81 to
15 92, wherein the sample to be processed comprises a
substrate foimed by bonding first and second substrates,
and the first and second substrates have different
strengths.
94. A separating method of separating'a plate-like
20 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.
25 95, The method according to claim 94, wherein the

sample to be separated has an internal fragile layer,

S SEET S BE | RN B

REPLACED




support surface conprises a surface forned by a cone 15 wF

vert ex.

of a cone.

support surface
several frustu
support surface conprises a convex surface fornmedfby a st ack
colums. 25 48. The apparatus according to clarm41l, wherein

support surfa%isﬁg%%ﬁﬁqﬁgﬂ cegonpri ses a surface forned - by a frustum

sai d

of several

at
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45— The—apparatus according to claim42, whe Bﬂﬂﬁgﬁﬁ@fﬁf SHEET

ratus according to claim42, Pr i MAR 493320
noot h conues -sur face formed by a stack of

he apparafus according to cl aj nt#2—wrereim

Il

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 intermal 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
sample is heid to make a deflection amount due to a
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 fluid injected into the sample relatively large.
97. A separating method of separating a plate-like
sample having an internai fragile layer at the fragile
layer comprising:

the separation step of éjecting 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 due-to a pressure of
the fluid injected into the sample and the other surface
of the sample is held to ailow deflection due to the
pressure of the fluid injected into the sample.
98. The method according to any one of claims 94 to 97,
further comprising rotating the sample about a shaft

perpendicular to a major surface of the sample in

—

| L

REPLACED




| east one of said pair of hol ding portions |ncI udes an ==

REPL ACEVENT SHEET - 96- REPLAGEMENT SHEET
nmenber and Hef@LiHasBeeh Replackdf orce inflicted by t he sanpl

The apparatu cI aim4l, wherein at | east Q@ne
hol di ng port ﬂmnﬂmm ort portiongps 5 partially consi st LF M M

elastic mate sanpl eTs held by said suppont nnrflnn

=

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 deflection, at the fragile layer
comprising:
the separation step of ejecting a fluid to the
fragile layer to separate_the composite substrate,
wherein in the.séparation 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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50. The apparatus according to claim4l, wherein at | east one of

said holding portions has an el astic nenber at a port ,
contact the saflseset Hat BeenRiplacedhe appar at us according to cl ﬁwglﬁﬁ
at | east o di ng portions has an annul ar support
portion consi stﬂmm;“ﬂgmﬂ tic nmenber,. 52. The appprpt 46 MAR1GN

to claim4l, wh | east oné.Bf sai d hol ding port|ops has a
support portion coupled to a main body via an el astic refDeT.

The appar at us accor d| ng to any one of clains 41 to 52, Lfurther
conprising a rotary nechanismfor rotating sai d hol di ng port I on about

a shaft perpendi cul ALt Segaratlonsusréeapc%fofej%gglﬁgngl f£luid 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—pbrous 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 bondea substrates at the porous
layer,

whereiﬁ said separating apparatus of any one of
claims 81 to 92 ié used in the separation step.
103. A subétrate manufacturing method comprising:

20 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 pbrous
25 layer,

wherein the separation step is executed using the

THIS SHEET AAS BEEN I|||II|| |||II| |I||I IlIlI Il
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according to cl
sai d adj ust nment
-97

The_apparatus according to any one of clai ms_'41-to 53,

further conprising an adJ ust ment mechani sm for adj ust ipg—a-distance
bet ween sai d p'&lilehe?t laced  portions. 55. The eﬁﬁm_r

l"l”\(/fﬂﬁ in 25 separating the sanpld _ -
presses_ ii],e_ sample to adj_us.t the"% ﬂfﬂ”?gegg

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.

* c L M s *
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bet ween said pajr Id| ng_ portions. 56. The apparatus according

to clai m54, i3 e“”“mac @eparating the sanple by the fluid, said
adj ust nment J ntalns a substantially constant di st ance 5

bet ween sai d pai ortlons 57. The apparatus according
to any one of clainms 41 to 56, \Agegg_ei n each of said pair of holding
portions has a chuck mechani sm f'eF—vacuum chucki ng t he sanpl e.

58. The appar at us ag S Or AN @'ﬁ’W‘ ﬁo 57, wherein
the sanple conprises @ SUBHIRSTRAT ME ACTUREN =r*as t he fragile
| ayer. 59. _A Summﬂ"jﬁge%EZEEIMvEﬁguppmLl‘g a Sall |e whi ch

ABSTRACT OF THE DISCLOSURE
This invention is to provide an apparatus for
separating a substrate having a porous layer at the
porous layer. A bonded substrate stack (101) having a
5 ©porous layer (101b) is supported by substrate holding
portions (120, 150) while being rotated. High-speed,
high-pressure water (jet) is ejected from a nozzle (102),
so the jet is injected into the bonded substrate stack
(101).  The substrate holding portions (120, 150) hold
10 the bonded substrate stack (101) such that the bonded
substrate stack (101) can expand at its central portion
due to the pressure of the injected water. This
efficiently applies a force (separation force) that acts
outward from the inside of the bonded substrate stack

15 (101).

Figure 2
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is.usghgin;a separatind“ébparatus for separating a pl atre
havi'ng an internal fragile l,ayer at 15 the fragile |ayer

a pair of~holgjng portibné.tpr sandw chi ng and hol di ngjft
~wWherein said pair of holding portions allow the sanpl e} t
sanple is divided into two parts 20 b$7a pressure of the
froma jet .unit arfanged in said separating apparatus Ja
into the sanple and sinultaneously limt a warp anount|.

apparatus according to,claimb59, wherein at | east one O
hol di ng portions has a snooth
WHAT IS CLAIMED IS:
1. A_éépé'rating apparatus for separating a plate-like
sample having an internal fragile layer at the fragile
layer comprising:
5 a jet unit for ejecting 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

sample to allow the sample to expand at a vicinity of

10 a central area of the major surface of the plate-like

sample due to a pressure of the fluid ejected from said

jet unit and injected into the sample. .

2. A separating apparatus for separating a

plate-like sample having an internal fragile layer at
15 the fragile layer comprising:

a jet unit for ejecting a fluid to the sample;

a pair of holding portions opposing each other to

sandwich and hold the sample,

20 wherein said p_air of holding portions hold the
sample which can corrugaté 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

T —— " T
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sur f-ace.’ . - 98-

2 ul

25 cdﬁVéx support surface, and the sanple is held by said HPPOr
SREPLACEMENT SHEET
T

apparatus-according to claim60, wherein said support s
substantially ‘conprises part of a spherical surface.
appar atus according to claim60, wherei n88aid 5 support su
conprises a surface forned by a cone

,_'f

ace

- 56 NP 2000

bringing said contact portion into contact with the

sample.

4. The apparatus according to claim 3, whérein said

contact portion comprisés a multiple of contact portions.

5 5. 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 accordin§ to claim 5, wherein said

contact portion comprises a multiple of contact portions.

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.

8._ 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 plufality of projecting contact portions on a main

25 body surface, and the sample is held by bringing said

contact portion into contact with the sample.

* [ L .| S *




with a’‘convex vert ex. 63. The apparatus according to cla-60
wherein said support surface substantially conprises a sBEPbA@EMENiﬁeSiHEET
by a frustumof a cone. 10 64. The apparatus according tp frarmmét;
wherein said support surface conprises a snooth convex >u f cﬁ éh
by a stack of several frustuns. 6589 - The apparatus accof gqf @ggﬁ
60, wherein said support surface conprises a convex surf arned by
a 15 stack of several colums. 66. The appar at us accordlng to clai m
59, wherein at | east one of said pair of holding portions—rmctudes—es

10. The apparatus according 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

5 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 into contact with a
peripheral portion of the sample, and the sample is held

10 - by bringing said céntact portion into contact with the
sample.

12. The apparétus according to claim 11, wherein séid
contact portion can contact the whole peripheral portion
of the sample.

15 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 cléims 1 to

20 13, further comprising an adjustment meéchanism for
adjusting a distance betweén said pair of holding
portions.

15. The apparatus according to claim 14, wherein in
separating the sample by the fluid, said adjustment

25 -mechanism presses the sample"to adjust the distance

between said pair of holding portions.

_—

L Il




el asti ¢ nenber and deforns due to a force inflicted by

67. The apparatus according to claimb59, wherein at FEPLA@EN@NT SHEET
said hol ding portions has a support portion partially cqngrstrngof
elastic material, and the sanple is held by said support Fortgog y §W8
68. The apparatus according to claim580-wherein at 25 Ie st o g S
hol di ng portions has an el astic nenber at a portion whi¢hican cantact
t he sanpl e.
REPLACEMENT SHEET

16. The apparatus according to claim 14, wherein in

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

5 17. The apparatus according to any one of claims 1 to
16, wherein each 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
10 porous layer as the fragile layer.
19. A support apparatus for supporting a sample, which
is used in a separating apparatus for separafing a
plate-like sample having an internal fragile layer at
the fragile layer comprising:
15 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 area of the major surface of the plate-like

20 sample due to a pressure of the 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

25 plate-like sample having an.ihternai fragile layer at

the fragile layer comprising:

a pair of holding portions opposing each other to

L



- .99 y . 69. The apparatus according to claimb59, wherein at

| east one of said holding portions has an annul ar supp i
consi sting of an elastic nenber. 70. The apparatus a BE?Q&“HWENT SHEET

claim59, wherein at 5 | east one of said holding portionghps a suppoOrt
portion coupled to a main body via%¥mr elastic nenber. ' 1% NE‘JTWOB
apparatus according to any one of clains 59 to 70, furtjhgr conprising
a rotary mechanismfor rotating sai d hol di ng portion aour—a—straft

perpendicular to a 10 surface of the sanple.

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 appératus 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
_contéct portion compriées a multiple of céntact portions.
23. The appafatus 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 apparatﬁs according to claim 23, wherein said
contact portion compriges a multiple of confact portions.
20 25, The apparatus according to élaim‘lS or 20, wherein
at least one of said pair of holding portions has one or
a plurality of stripe-shaped contact portions, and the
sample is held by bringing 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 of holding portions has one or

A




72. . The apparatus according to any one of clainms 59 to REELACEMEN§VSHEET

conprisirng an adj ustnent mechani sm for adj usti ng a di st anfe betrween———-—
said pair of holding portions. 15 73. The appar at us]agcqrgli tog
claim72, wherein in separating the sanple by the fluid aﬁag] i?l?g?qaﬂ
adj ust nent mechani sm presses the sa®pte to adjust the d} s -

bet ween said pair of holding portions. 74. The appar at us accordi ng

to claim72, wherein in 20 separating the sanple by the flUrd—sard

adj ust nent mechani sm mai ntains a substantially constant distance

bet ween said pair of holding portions. 75. The apparatus according

to any one of x|pliumalEiryt @f 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 projectipg 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 held by
Bringing said contact portion into. contact with the
sample.

29, The appératus according 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 apparatgs according to claim 29, wherein said
contact portion can contact the whole peripheral portion
of the'saﬁple.

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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74, mhereln each of said pair of holdlng portions has a 25 chy

rTechanl sm for vacuum chucki ng the sanpl e. 76. The apparatRHDLACEMENT SHEE
according to any one of clainms 59 to o

REPLACEMENT SHEET ~ -100 - 74, TAEE 'ﬁil;’nlﬂﬁﬂ

t he sanple conprises a substrate having 3 porous | ayer as |tHe raglle

| ayer. 77. A separating nmethod of separating a plate-likg ———-sahpl-e—-A1

having an internal fragile layer at the fragile

—

32. The apparatus according to any one of claims 19 to

31, further comprising an adjustment mechanism for

adjusting a distance 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 distance

~ 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 distance

between said pair of holding portiomns.

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-chucking the sample.

36. The apparatus according to any one of claims 19 to

35, wherein the sample comprises a substrate having a

pofous layer as the fragile layer.

37. A separating method of separating a plate-like

20 sampie having an internal fragile layexr at the fragile

laye; 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

R O




5 layer conprising the steps of: transferring the—sanple. to said
separati-ng apparatus of any one of clains 41 to 58; REPLACEMENT SHEET
separating the sanple at the fragile |layer by said sepdr gtno
apparatus; and 10 receiving the par at ed sanpl es fron1s$%d
separating apparatus. 78. The metfivd according to cldim 77, Wrgqqﬁ
water is used as the fluid to be ejected fromsaid jet jurlit 79
A separating nethod of separating a substrate at a 15 poroys |ayer, the
substrate being forned by bonding a non- porous | ayer side—of—a—F++rst
substrate, in which the

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 layerside of a first substrate, in which the

porous layer and the non-porous layer are sequentially

N formed on one surface, to a second substrate, wherein

said separating apparatus of any one 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

subs;rate, in which a porous layer and the non-porous

15 layer are sequentially formed on one surface, to a

second substrate; and

separating the bonded substrates at the porous

layer,

wherein said separating apparatus of any one of

20 claims 1 to 18 is used in the separatiodn step.

41. A separating apparatus 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,
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porohé‘layer and the non-porous |ayer are sequentially f BEEﬁAEEM&N? SHEEF

surface, to a second substrate, wherein sai d separ

apparatus of any one of clainms 41 20 to 58 is used for sepafafion. |
80. A substrate manufacturing nethod c rising the ~step of:16 NOV 2000
bondi ng a non-porous |ayer side of a fiTrst substrate, injwhich a

porous | ayer and the non-porous 25 |ayer are sequentially feprmed on one
surface, to a second substrate; and

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 simultanecusly limit a
5 warp amount.
42. The apparatus acéordipg to claim 41, wherein at
least one of said pair of holding portions has a smooth
N 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
suppoft surface éomprises a surface formed by a cone

15 with a génvex vertex.
45. Tﬁe apbaratus according to claim 42, wherein said

o support surface substantially comprises a surface formed
™ by a frusﬁum.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 conveéx 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

g



separating-the bonded substrates at the porous | ayer, ‘
mhgrein'sgid separating apparatus of any one of cl ai s 4J.REPHQEHWENT SHEET
used in the separation step. 5 81. A separating nethod off deparating a

pl ate-1i ke . sanpl e having an integg&L fragile |ayer at the frqglﬁﬂv 2000

| ayer conpri sing: the separalion step of ejectingfaffluid to

t he fragile layer of the sanple to separate the sanple,

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

5 partially consisting of an elastic material, and the

sample is held by said support portion.

50. The apparatus according to claim 41, wherein

at

N least one of said holding portions has an elastic member

at a portion which can contact the sample.

10 51. -The apparatus according to claim 41, wherein
least one of said holding portions has an annular
support portion Eonsisting of an eiastic member .

52. ‘The apparatus according to claim 41, wherein

at

at

least one of said holding portions has a support portion

15 coupled to a main body via an elastic mémber.

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.

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

55. The apparatus according to claim 54, wherein

41 to

in

25 separating the sample by the fluid, said adjustment

mechanism presses the sample to adjust the distance

_—
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10 . wherein in the separation step, one surface of t‘he“-san@_e_l.s__.
hel d to nmake a defl ection anmount due to a pressure of tREPIIAGEMENT SHEET
injected into the sanple relatively small and the ot hey gurfaceof—t4
sanple is .held to nake a defl ection_anmunt due to the prls

the fluid inj ected into the sanpl e rel ag’l Vel y | arge. 82. ﬁ%%‘ﬁ] 20685
separating nethod of separating a plate-Ilike sanpl e havilkg—aninternall
fragile layer at the fragile | ayer conpri sing: the .
separation step of ej ecting a fluid to the 20 fragile |ayer—of—the—sarpte

to separate t
surface of th

5
M
10
15
S
20
25

nin.th ration ep, one
getvswge sald pair of h&ﬂf rn%} portlo e sepa ation step

. The apparatus according to claim 54, whereln in
separating the sample by the fluid, said adjustment
mechanism maintains a substantially constant distance
between said pair of holding portions.
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
57, wherein the sample comprises a substrate having a
porous layer as thé fragile léyer.
59. A support apparatus for supporting.a sampie, which
is used in a separating apparatus for separating a
plate-like sample having an internal fragile layer at
the fragile layer comprising:

a palr of holding portlons for sandwiching and
holdlng the sample,

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 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

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

| support surface.

A




sample is held to lint deflection due to a pressure of .y
injected into the sanple and the other surface of the s HﬁﬂJggaﬂaﬂﬁsﬂEEr
to allow deflection due to the 25 pressure of the fluid injledqted into the
sanpl e. 83. The nmethod according to claim81 or 82, 16 HOy 2000
-102- further conprising rot at'i%g'. t he sanpl e about {a {shaft

61. The apparatus according to claim 60, wherein said

support surface substantially comprises part of a

spherical surface.

62. The apparatus according to claim 60, wherein said

5 support surface comprises a surface formed by a cone

with a convex vertex.

63. The apparatus according to claim 60, wherein said
s 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 étack of several frustums. _

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

15 stack of several columns. |

66. The apparatus according to claim 59, wherein at

least one of said pair of holding portions includes an

\/ )
elastic member and deforms due to a force inflicted by
the sample.

20 67. The apparatus according to claim 59, 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.
68. The apparatus according to claim 59, wﬁerein at

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

at a portion which can contact the sample.
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perpendi cular to a major surface of the sanple in separ ating. the

sanple by the fluid. 84. The net hod according to any 01REPLAGEMEN$ SHEET
81 to 83, 5 wherein the sanple to be processed conprises a e

formed by bonding first and second subs iates and the f r>t

second substrates have different streng A separ st ndaﬁgﬂﬁ%c?‘mﬂ

of separating a conposite substrate which has a fragile la

a first 10 substrate having a relatively |l ow strength for defl ection

and a second substrate having arelatively hi gh strengt h-er

defl ecti on, t he er LSLNY; : separation
step of ejec%Pn ﬂh accord§38p£6 &1%im 59, wherelﬁrgi

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 aaid holding portionshas a support portion

coupled Eo a.main body via an elastic'member.

71. The apparatus according to any one of claims 59 to
(" 70, further comprising a rotafy 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 compriéing an adjustment.hechanism for '
adﬁusting a distance 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 distance
between said pair 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 distance
betweeﬁ said pair of holding portions.
- 75. The apparatus according to any one of claimé 59 to
74, wherein each of said pair of holding portions has a
25 chuck meqhanism for vacuum-chucking the sample.

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

AR



15 fragile layer to separate the conposite substrate, it ] .
in the gepar atiyon st ep, IOt he first .rrp substrate is held to anPeEP&KIcEWMT SHEET
defl ecti on anount due to a pressure of the fluid injecteq i[nto the
conposite substrate relatively small and the second substirdt e igs #0%02000
held to make a deflection amount due tolfhe pressure of t}he f?ui&

I njected into the conposite substrate relatively |arge. 86—~
separating method of separating a conposite substrate whifjch has a
fragile |ayer between a first 25 substrate having a relatively Tow

strength for defl ection and second, substrate ha%jn% a.relatively
© 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
5 layer comprising the steps of:
tranéferring'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
10 receiving the separated samples from said
separating apparatus.
78. The meﬁhod according to claim 77, wherein water is
used as the fluid to be ejected from said jet unit.
79. A separatiné method of separating a substrate at a
15 porous layef, the substrate being formed by bonding a
non-porous layer side of a first substrate, in which the
porous  layver and the.nop—porous layer are sequentially
formed on one surface, to a second substrate, wherein
said séparating apparatus of any one of_claims a1
20 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
25 layer are sequentiélly férmed on one surface, to a

second substrate; and

[
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-103‘r high strength for deflection, at the fragile |layer

conpri si ng: the separation step of ejecting a fl yi

fragile layer to separate the conposite substrate, 5 HEP%&Q?MENI SHEET
t he separation step, the first substrate is held to Iim't_defleg!biogl

due to a pressure of the fluid inféd@ted into the conposi sLiBs NPy 4000
and

- 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 8l. A separating method of separating a plate-like
sample having an internal fragile layer at the. fragile
layér comprising:

the separation step of ejecting a fluid to the
fragile layer of the sample to separate the sample,

10 wherein in the separation step, one surface of the
sample is heid to make a deflection amount due to a
pressure of the fluid injected into the sample
relatively small and the other surface of the sample is
heId to make a deflection amount due to the pressure of

15 the fluid injected into the gample'relatively large.
82. A separating method of separating a'plateflike
sample haﬁing.an internai fragile layer at the fragile
layer cOﬁprisihg: |

the sepération steﬁ of éjecting a fluid to the
20 .fragile layer of the sample to separate the sample,
_wherein in the sepération step, one surface of the
sample is held to limit deflection due to a preséure of
tﬁe fluid injected into the sample and the other ‘surface
of the sample is held to alIOW'deflectioﬁ due to the
25 pressure of the fluid injected inta the sample.

83. The method according to c¢laim 81 or 82,

* [ L L] S *




the second substrate-is held to allow deflection due to the pressure

of the fluid injected into the conposite 10 substrate. E E
substrat e manufacturing nmethod conpri si ng: bondi 5 ' OSgEET

| ayer side of a first substrate, in which a porous |ayeér|and 't he

non- por ous | ayer are sequenti.ally f@pned on one surfacé¢, [to] 6 N3¥ 2000
second substrate; and separating the bonded subs{rfites at the
por ous | ayer, wherein the separation step i $ eXxecured us

t he nmet hod of any one of clains 81 to 83.

5
N
10
15
Ny
20
25°

further comprising rotating.the sample about a shaft
perpendicular to a majo: surface of the sample in
separating the sample by the fluid.
84. The method according to any one of claims 81 to 83,
wherein the sample to be p;ocessed comprises-a sample
fdrmed,by bonding iirse and second_substrates, and the
first and second substrates have different strengths.
85, 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
high strength for deflecfidn, at the fragile layer
combrising:

the separation step of ejecting a fluiad to the
fraglle layer to separate the composite substrate,'

whereln in the separation step, the flrst

subsﬁrate is held to make a deflection-amount-duentd a

pressure'ef the fluid injected into the composite
substrate reiatively small ahd the second substrate is
held to .make a deflection amount due to the pressure of
the fluid injected into the comédsite'substrate' o
relatively lerge.

86, 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
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high strength for deflec;ion, 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
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. ‘

87. A substrate manufaéturing method comprising:
bonding a non-porous layer side of a first
substrate, in which a porous layer and the non-pérous.

layer are sequentially formed on one surfaée, to a-
second substrate; and

separating the bonded substrates at the porous
layer, .

whérein the separation step is executed using the

method of any one of claims 81 to 83.
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SAMPLE SEPARATING APPARATUS AND METHOD,
AND SUBSTRATE MANUFACTURING METHOD

ABSTRACT OF THE DISCLOSURE

This invention is to provide an apparatus for
separating a substrate having a porous layer at the
porous layer. A bonded substrate stack (101) having a
porous layer (101lb) is supported by substrate holding
portions (120, 150) while being rotated. High-speed,
high-pressure water (jet) is ejected from a nozzle (102),
so the jet is injected into the bonded substrate stack
(101). The substrate holding portions (120, 150) hold
the bonded substrate stack (101) such that the bonded
substrate stack (101) can expand at its central portion
due to the pressure of tﬁé injected water. This
efficientiy applies a force (separation force) that acts
outward from the inside of the bonded substrate stack

(101) .

Figure 2
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