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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 layer 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  because dielectric
isolation is easy.            (2)  The radiation resistance can be
increased            



(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.  5        (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.  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, various 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                                         3
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. In
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 porous layer is bonded



to a second substrate via an insulating layer (SiO2), 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 [err]m thick
can be fabricated by the same      fabrication apparatus.    



4 -                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   5 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 technologies, 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 contamination
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
separating      apparatus, and a substrate manufacturing method using  25
the separating apparatus.           According to the present invention,
there is             



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



provided a separating apparatus for separating a      plate-like sample
having an internal fragile layer at      the fragile layer, characterized
by comprising a jet  15  unit for ejecting' a fluid to the sample, and a
pair of      holding portions opposing each other to sandwich and      hold
the sample, wherein the pair of holding portions      hold the sample which
can corrugate due to a pressure of      the fluid ejected from the jet unit
and injected into  20  the sample.            In the separating apparatus,
preferably, at least      one of the pair of holding portions has a hollow
contact      portion, and the sample is held by bringing the contact
portion into contact with the sample. The contact 



25  portion may comprise a multiple of contact portions.            In the
separating apparatus, preferably, at least
REPLACEMENT SHEET                                  -6-         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- 



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       



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. Preferably, the contact portion can contact
the   5 whole peripheral portion of the sample.           The separating
apparatus preferably further      comprises a rotary mechanism for rotating
the holding      portion about a shaft perpendicular 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 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
25 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   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 into 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
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   5 portion into contact with the sample. The contact 



portion may comprise a multiple of contact portions.            In the
support apparatus, preferably, at least one      of the pair of holding
portions has one or a plurality      of stripe-shaped contact portions, and
the sample is  10  held by bringing the contact portion into contact with
the sample.            In the support apparatus, preferably, at least one
of the pair of holding portions has one or a plurality      of arcuated
contact portions, and the sample is held by  15  bringing the contact
portion into contact with the      sample.            In the support
apparatus, preferably, at least one  



of the pair of holding portions has one or a plurality      of projecting
contact portions on a main body surface,  20  and the sample is held by
bringing the contact portion      into contact with the sample.
In the support apparatus, preferably, at least one      of the pair of
holding portions has a radial contact      portion, and the sample is held
by bringing the contact  25 portion into contact with the sample.
In the support apparatus, preferably, at least one         



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.   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      an
adjustment 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 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.
-11-               According to the present invention, there is also  



provided a sample separating method characterized by      comprising
separating a sample having a fragile layer      using the above separating
apparatus.   5       In the separating method, preferably, water is used
as the fluid to be ejected from the jet unit.           According to the
present invention, there is also      provided a separating method of
separating a substrate      at a porous layer, the substrate being formed
by bonding  10  a non-porous layer 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. 



15       According to the present invention, there is also      provided a
substrate manufacturing method characterized      by comprising the step of
bonding a non-porous layer      side Qf a first substrate, in which a
porous layer and      the non-porous layer are sequentially formed on one
20  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
invention, there is also      provided a separating apparatus for
separating a  25  plate-like sample having an internal fragile layer at
the fragile layer, characterized by comprising a jet  



-12-          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   5  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  10
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.  15       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  20  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  25  preferably comprises a convex surface formed by a stack
of several columns.           



-13-             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.   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 an 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
REPLACEMENT SHEET
LIF6MR 1999                               - 14 -        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 an
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
- 15_ l- 



surface.           In the support apparatus, the support surface
preferably substantially comprises part of a spherical      surface.   5
In the support apparatus, the support surface      preferably comprises a
surface formed by a cone with a      convex vertex.           In the
support 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 a 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
-16 -         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.            In 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      



17 -         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   5 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  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  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 in  25  consideration of the above situation, and has as its
object to provide a separating apparatus and method                



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



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  large.
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  holding portion holds the other surface of the sample to  



cause the other surface to deflect due to the pressure
-19 -         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.  5
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.  10       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  15  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,  20  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  25  of the second holding portion due to the pressure of
the      fluid injected into the sample.          



-20-               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 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.
-21-               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 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, there 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    



-22 -          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 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
-23 -   



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 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  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 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  20 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



25 provided a holding apparatus for holding a sample in      ejecting a
fluid to a predetermined position in a
REPLACEMENT SHEET                                 -24 -         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 1E are views for explaining a method of
manufacturing an SOI substrate according to the first      embodiment of
the present 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 first
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;        



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 according 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
- 26-         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  



-27-         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 holding  



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 are views showing a force acting      on a bonded substrate stack
in the presence and absence      of a V-shaped groove;  15       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 



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 substrate  25
holding portions according to the first example of the      second
embodiment;                                       -28 -  



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 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 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                                       -29-
to the second example of the second embodiment;           Figs. 41A to 41E
are views showing for explaining      another method of manufacturing an
SOI substrate 



according to the preferred embodiment of the present   5 invention;
Fig. 42 is a view showing the schematic arrangement      of a separating
apparatus according to the third      embodiment of the present invention;
Fig. 43 is a perspective view of part of the  10 separating apparatus shown
in Fig. 42;           Fig. 44 is a view schematically 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     



30 -          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 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[err] 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 bonding, pressing, heating, or a      combination 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 single-crystal Si substrate 14 side, as described
above, on the non-porous single-crystal Si layer 13 as
31 -    



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 11.           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
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  



25 is obtained.           Figs. 41A to 41E are views for explaining another
-32 -          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 layer 13 is oxidized
to form an  10  SiO2 layer 15.  With this process, 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[err] 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 SiO2 layer 15      are firmly bonded. The SiO[err] 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       



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[err]      layer 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.  



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 glass) or a transparent      substrate (e.g., a
substrate of silica glass) can be  25  used.            In this embodiment,
to facilitate processing of                                       -34 -
bonding two substrates 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      microcavity layer may be
formed. A microcavity 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      (fluid) 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 



REPLACEMENT SHEET                                  - 35 -         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, 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 possible 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          



-36-         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[err] or more must be applied to the jet      medium. In
this case, the outer peripheral portion 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[err].  When such a low-pressure jet is      employed, the bonded
substrate stack is separated by
REPLACEMENT SHEET                                 37 -          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 portion of the bonded
substrate      stack, the effect for splitting the bonded substrate
stack into two substrates effectively acts when a  10 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  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 surface, 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     



-38 -         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      substrate stack has the V-shaped groove 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  10  substrate stack is preferably set to be
several hundred      gf/cm[err].           To effectively use the jet, a
width W1 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 W1 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  25  circular shape but any
other shapes.  For example, when a      slit-like nozzle is employed to
eject a jet having a                                         -39 -   



long rectangular section, the jet can be efficiently      injected into the
separation region (inserted between      the two substrates).
The jet ejection conditions are determined in   5 accordance with the type
of separation region (e.g., a      porous layer) or the shape of the side
surface of the      bonded substrate stack. Important parameters as the jet
ejection conditions are the pressure applied to the jet      medium, the
jet scanning speed, the width or diameter of  10  the nozzle (the 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  15
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      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 about nearly      the
center of the bonded substrate stack (this technique
REPLACEMENT SHEET                                -40 -          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 a
low-pressure jet, a      separating apparatus 100 supports the bonded
substrate  10  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
substrate stack can expand at      its central portion by the pressure of
the jet medium  15 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.  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 101b as an  25 internal fragile structure and is separated into two
substrates 101a and 101c at the porous layer 101b by the      



41-          separating apparatus 100. In this separating apparatus
100, the bonded substrate stack is set such that the      substrate 101a is
placed on the first substrate (10')      side in Fig. 1D or 41D and the
substrate 101c 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 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.
-42-     



The substrate holding portions 120 and 150 can be      detached from the
rotary shafts 104 and 103,      respectively. The substrate holding
portions 120 and 150      have one or a plurality of suction holes 181 and
182 as   5 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
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 separation 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  holding portions 120 and 150.  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. 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 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
REPLACEMENT SHEET 



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 101a and 101c.      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 stack 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
-45-          portions 120 and 150 may have independent structures. 



[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 present 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 121a 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
121a and 151a 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..101 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. 



- 46 -                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
121a and 151a in about   5 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 "antinodes" and is completely
separated.  10       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 121a and      151a can be smaller than the
outer diameter by, e.g.,      approximately 10 mm. However, for easy
deflection of the  15  substrate stack to be separated, the inner diameter
of      each of the contact portions 121a and 151a 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 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  25  portions at
which the substrate holding portions are in      contact with the bonded
substrate stack 101. Figs. 6 to
REPLACEMENT SHEET                              -47 - 



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   5 a stripe-shaped contact portion.       [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  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
156a and a portion sandwiched                                        -48 -
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  "antinodes" and is completely separated.           The
widths of the contact portions (diameter      difference) can be
arbitrarily 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    



REPLACEMENT SHEET                                - 49 -          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 121a and 151a of      the first example with grooves 127b
and 157b which  15  divide the contact portions 121a and 151a,
respectively.           The grooves 127b and 157b prevent the separation
force from excessively 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 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
-50 -   



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  "antinodes" and is completely separated.           Fig. 13 is a
perspective view showing a  



modification of the substrate holding portions shown in      Fig. 12.
Substrate holding portions 128 and 158 shown in      Fig. 13 are examples
of the substrate 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]
-51-               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 



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 129a and 129c
which come into contact with the bonded substrate stack  10 101. To put it
differently, the structure has the      annular contact portions 126a and
126b of the second      example with grooves 128b and 128d 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 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,      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".       



-52 -              By forming grooves 129b and 129d in the arcuated
contact portions 129a and 129c, respectively (this also      applies to the
substrate holding portion 159), the jet      medium pressure can be
prevented from excessively   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. 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.  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 can be prevented      from breaking.  25
[Fifth Example of Substrate Holding Portion)           Figs. 16 and 17 are
views showing the arrangement                                       -53-
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 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 columnar
contact      portions 131a and 161a on main bodies 131b and 161b,  10
respectively. With the substrate holding portions 131      and 161, the
bonded substrate stack 101 can deflect and      corrugate having "nodes" at
a portion sandwiched by the      contact portions 131a and 161a, 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 portions 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).



REPLACEMENT SHEET                                  - 54 -           [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       With the use of the
substrate holding portions 132      and 162, the bonded substrate stack 101
is completely          



- 55-          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 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      its central portion and
form a cross. A substrate  



holding portion 136 shown in Fig. 23 has columnar      contact portions
136a which come into contact with the  25  bonded substrate stack 101, on a
main body 136b.  A      substrate holding portion 166 has the same
arrangement                                       -56-          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 sectional views showing the      arrangement 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      portions 138 and 168 shown in Figs. 25
and 26 are      examples of the substrate holding portions 120 and 150  



15  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  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
portions 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   



- 57 -         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 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 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      separate not only a semiconductor substrate such as a      bonded
substrate stack but also various samples.           According to the
preferred embodiment of the      present invention, the efficiency of
separation  



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



of a separating apparatus according to the second      embodiment of the
present invention. In a separating      apparatus 1000, the separation
force is efficiently      applied to a bonded substrate stack to separate
the   5 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  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  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 101b as an      internal fragile
structure and is separated into two      substrates 101a and 101c at the
porous layer 101b by the  20  separating apparatus 1000.  In this
separating apparatus      1000, the bonded substrate stack is set such that
the      substrate 101a is placed on the first substrate (10')      side in
Fig. 1D or 41D and the substrate 101c is placed      on the second
substrate (10" + 20) side in Fig. 1D or 



25  41D.           The substrate holding portions 1120 and 1150 are
- 59 -         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
generated 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 1120 and
1150 can be      detached from the rotary shafts 104 and 103,
respectively. The substrate holding portions 1120 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      



-60 -          through the rotary shafts 104 and 103, respectively. The
rotary seal portions 104a and 103a are coupled to vacuum      lines 104b
and 103b, respectively. These vacuum lines      104b and 103b have solenoid
valves. By controlling the   5 solenoid valves, setting/removal of the
bonded substrate      stack 101 can be controlled.           The substrate
holding portions 1120 and 1150 hold      the bonded substrate stack 101
such that the separation 



force efficiently acts on the bonded substrate stack 101  10  in separation
processing.  Specific arrangements of the      substrate holding portions
1120 and 1150 will be      described later.           Substrate separation
processing using this      separating apparatus 1000 will be described
below.  15       To set the bonded substrate stack 101 in the
separating apparatus 1000, first, the rotary shaft 103      is retracted by
the air cylinder 112 to set a      predetermined interval between the
chucking surfaces of      the substrate holding portions 1120 and 1150.
After the  20  bonded substrate stack 101 is mounted on an alignment  



shaft 113, the air cylinder 112 pushes the rotary shaft      103, so the
bonded substrate stack 101 is pressed and      held (the state shown in
Fig. 28). The alignment shaft      113 is rotatably axially supported by
the support base  25  109 through bearings 105 and 107.           In this
embodiment, the bonded substrate stack 101
- 61 -     



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 In separation 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 101a and 101c.      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
-62-         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 vacuum-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 simultaneously,
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]          



-63-               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
-64-          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 is capable of warping, the
separation force can be      efficiently applied, so separation processing
can be      efficiently performed. In addition, when the warp amount
of the bonded substrate stack 101 is limited, the      separated substrates
can be prevented from excessively  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 1121a and 1151a 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    



REPLACEMENT SHEET                                 - 65 -          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. 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 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 portions
1120 and 1150 shown in Fig. 28,
-66 -   



respectively.            In the substrate holding portions 1125 and 1155 of
this example, disk-like support 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
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. 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 medium 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.
-67-                When the bonded substrate stack 101 is held as it
is capable of warping, the separation force can be       efficiently
applied, so separation processing can be  



efficiently performed. In addition, when the warp amount   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 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 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      



-68 -          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 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
preferred 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]
REPLACEMENT SHEET
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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   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 layer 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.                          At the outer peripheral portion of the
bonded      substrate stack, a V-shaped (concave) groove is      preferably
formed along the side surface. Figs. 27A and      27B are views showing a
force acting on the bonded  



5 substrate stack. Fig. 27A shows a bonded substrate stack      having a
V-shaped groove 22. Fig. 27B shows a bonded      substrate stack having no
V-shaped groove.           As shown in Fig. 27A, in the bonded substrate
stack      having the V-shaped groove 22, a force (to be referred  10  to
as a separation force hereinafter) is applied outward      from the center
of the bonded substrate stack, as      indicated by an arrow 23. On the
other hand, as shown in      Fig. 27B, in the bonded substrate stack with a
convex      side surface, a force is applied inward from the side  15
surface of the bonded substrate stack, as indicated by      an arrow 24. In
the bonded substrate stack having a      convex side surface, the
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 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 W1 of the
V-shaped groove 22 is preferably equal to or larger than        



-71-          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 W1 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) can be used. 



10       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
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
-72 -          bonded substrate stack. 1) The jet is injected into the 



bonding interface parallel to the bonding interface      while the nozzle
is scanned along the bonding interface.      2) The jet is injected into
the bonding interface   5 parallel to the bonding interface while the
bonded      substrate stack is scanned. 3) The jet is injected into
the bonding interface parallel to the bonding interface      and
simultaneously scanned in a fan shape at a pivot      near the nozzle. 4)
The jet is injected into the  10  bonding interface parallel to the bonding
interface      while the bonded substrate stack is rotated about nearly
the center of the bonded substrate stack (this technique      is
particularly effective when the bonded substrate  



stack has a disk shape). The jet need not always be  15  ejected to be
perfectly parallel to the bonding      interface.           The bonded
substrate stack is separated not only      when the pore walls break by the
cutting force, i.e.,      the impact force of the jet colliding against the
pore  20  walls in the porous layer but also when the pore walls      break
by the pressure of jet medium injected into the      porous layer. To
prevent damages to the substrate, the      separation force acting in the
axial direction of the      bonded substrate stack is preferably set to be
several 25  hundred gf/cm[err].           To separate the bonded substrate
stack using only  



-73-          the cutting force of jet, the jet must be ejected at a
high pressure of 1,000 kg/cm[err] 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/cm2 is used, and the
shortage of      cutting force is compensated for by the separation  15
force.  With this method, damages 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 separation 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                                             - 74 - 



-74-         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   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
[err]m every time an SOI substrate is manufactured.      For this reason,
as the number of times of reuse  10 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  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.
- 75 -               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 building
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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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 101a and a second substrate 101c
5 at the porous layer 101b by the separating apparatus      2000. The first
substrate 101a corresponds to the  



above-described first substrate (10'), and the second      substrate 101c
corresponds to the above-described second      substrate (10" + 20).  10
As described above, the first substrate 101a 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 101c.  15 Therefore,
when the first substrate 101a 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 101a can be limited
during separation processing and prevented from 



20 breaking. The second substrate 101c has a strength      higher than that
of the first substrate 101a and can      withstand relatively large
deflection. When the second      substrate 101c is held by the substrate
holding portion      2130 having a small-area holding surface, the
substrate  25 101c can deflect to some extent in separation
processing. With this structure, the jet medium injected            



between the substrates 101a and 101c 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 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 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 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 101a 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                                       -78-
preferably made flat to support the entire surface of      the first
substrate 101a. 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 101c such that the deflection  15
amount of the second substrate 101c becomes larger than 



that of the first substrate 101a.           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.    



79, -+                               -7-          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 through 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 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  25  into the
separation region of the bonded substrate stack      101, and at the same
time, the bonded substrate stack           



101 is rotated by the motor 110.  At this time, the       rotary shaft 104,
substrate holding portion 2120, bonded       substrate stack 101, substrate
holding portion 2130, and       rotary shaft 103 integrally rotate. The jet
nozzle 102   5 is attached to a position adjustment mechanism (e.g., an
X-Y stage), so the position from which the jet is      injected into the
bonded substrate stack 101 can be      adjusted by the position adjustment
mechanism.            When the jet is injected, a separation force due to
10  the pressure of jet medium 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 101a and 101c. At      this time, the substrates 101a and 101c
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 101a is relatively      small, and that of the substrate 101c
is relatively      large.  20       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
pump 114 is stopped. By stopping rotation  25  of the motor 110 and
controlling the above-described      electromagnetic valves, the separated
substrates 101a
REPLACEMENT SHEET                                 -81 -          and 101c
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 101a and 101c 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 101a side
of the bonded substrate stack 101, and the substrate      holding portion
2130 holds the second substrate 101c.  20  That is, in the separating
apparatus 2000', the bonded      substrate stack 101 is held such that the
second      substrate 101c 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 101a after
separation as the      first substrate (10) by removing the porous layer
101b   
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on the surface of the substrate 101a. The      reason for this is as
follows.           When the first substrate 101a is to be reused, the
first substrate 101a 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 101a and 101c.           However, in the
separating apparatus 2000' of this  15  modification, as far as the bonded
substrate stack 101      whose second substrate 101c 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 101c
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
REPLACEMENT SHEET                                 -83 -  



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 101a side of the
bonded substrate stack 101, and a substrate holding      portion 2131
having an almost annular chucking surface      holds the second substrate
101c 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
101a 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      101a and 101c.
Since the diameter of the substrate holding portion      2121 is smaller
than the bonded substrate stack 101, the  20 first substrate 101a 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 101c deflects while
corrugating forming                                         -84 -
"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 allowing the second substrate   5 101c 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 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 central 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
substrate 101c 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    



-85 -           holding portions of this modification, the discharge
path of the jet medium can be ensured while preventing       damages to the
first substrate 101a 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 101a
side has a  15  diameter slightly smaller than that of the bonded
substrate stack 101 and a flat chucking surface.      Therefore, the first
substrate 101a 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 101c side of the      bonded substrate stack 101 is held
by the tips of the      plurality of chuck portions 2132a. When the second
25  substrate 101c side is held by the projecting suction      portions
2132a, the substrate 101c can easily deflect,
- 86-  



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.     



-87 -           WHAT IS CLAIMED IS:       1.  A separating 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;      and            a pair
of holding portions opposing each other to      sandwich and hold the
sample,  20        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  25  at least one of said
pair of holding portions has a      hollow contact portion, and the sample
is held by                                       -88-          bringing
said contact portion into contact with the  



sample.       4.   The apparatus according to claim 3, wherein 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  body surface, and the sample is held by bringing said
contact portion into contact with the sample.  



-89-          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 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 mechanism for      adjusting a
distance 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
distance      between said pair of holding portions.
-90-    



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 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 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
internal fragile layer at 



the fragile layer comprising:            a pair of holding portions
opposing each other to                    sandwich and hold the sample,
wherein said pair of holding portions hold the       sample to allow the
sample to 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 holding 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       



- 92 -          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 held by       bringing said contact
portion into  contact with the       sample.       29.   The apparatus
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 perpendicular to a      surface of the
sample.                                        -93 -          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 holding       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 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-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  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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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,            wherein said separating
apparatus 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,
-95-     



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   5  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.  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 comprises a surface formed by a cone  15  with a convex
vertex.      45.   The 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
REPLACEMENT SHEET                                -96-          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       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 a distance
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 distance
-97 -   



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 distance   5
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  10  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  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 as 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.                                       -98-          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      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 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.
REPLACEMENT SHEET  



- 99 -          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 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
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
REPLACEMENT SHEET                               -100 -         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:            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       



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 method of separating a
plate-like       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, 



10        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
sample is      held to make a deflection amount due to the pressure of  15
the fluid injected into the sample relatively large.      82.   A
separating method of separating a plate-like      sample having an internal
fragile layer at the fragile      layer comprising:             the
separation step of ejecting a fluid to the  20  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 allow deflection due to the  25  pressure of the fluid injected into the
sample.      83.   The method according to claim 81 or 82,
-102-          further comprising rotating. the sample about a shaft  



perpendicular to a major surface of the sample in      separating the
sample by the fluid.       84.  The method according to any one of claims
81 to 83,   5  wherein the sample to be processed comprises a sample
formed by bonding first 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  10 substrate having a relatively low strength for      deflection
and a second substrate having a relatively      high strength for
deflection, at the fragile layer      comprising:            the separation
step of ejecting a fluid to the  



15  fragile layer to separate the composite substrate,            wherein
in the separation step, the first      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  20
held to make a deflection amount due to the pressure of      the fluid
injected into the composite substrate      relatively large.      86.  A
separating method of separating a composite      substrate which has a
fragile layer between a first  25  substrate having a relatively low
strength for      deflection and a second substrate having a relatively   



-103 -         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,   5        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  10  substrate.       87.  A
substrate manufacturing method 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  15
second substrate; and            separating the bonded substrates at the
porous      layer,            wherein the separation step is executed using
the      method of any one of claims 81 to 83.  






