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TITLE OF THE INVENTION
SUBSTRATE PROCESSING APPARATUS,
SUBSTRATE SUPPORT APPARATUS,
SUBSTRATE PROCESSING METHOD, AND -

5 SUBSTRATE MANUFACTURING METHOD
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

10 The present invention relates to a substrate processing
apparatus for overlaying and contacting two substrates with
each other, a substrate support apparatus, and a substrate
processing method, and a substrate manufacturing method
using the apparatus or method.

15 The present invention also relates to a substrate
support table consisting of a silicon material, a substrate
processiﬁg apparatus including the substrate support table,
methods of manufacturing and handling the substrate support
table, and a substrate processing method.

20 '

DESCRIPTION OF THE RELATED ART

There is a method of bringing two wafers (substrates)
into contact and bonding them by anode bonding, pressing,
or heat treatment. This method is suitable to manufacture

25 a wafer having, e.g., an SOI structure. |

Figs. 14A and 14B are schematic views showing the step



BACKGROUND OF THE | NVENTI ON FIELD OF THE | NVENTION 10 The
present -invention relates to a substrate processing apparatus for -
overlaying and contacting two substrates with each other, a substrate
support apparatus, and a substrate processi ng net hod, and a -substrate
manuf act uri ng net hod usi ng the apparatus or nethod. 15 The
present invention also relates to a substrate '

of bonding wafers. Inthisbonding step, first, a first wafer
1 with its bonding surface facing up is set on a wafer support
jig 201, and a second wafer 2 with its bonding surface facing
down is softly placed on the first wafer 1, as shown in

5 Fig. 14A. At this time, the upper wafer 2 floats on the gas
(e.g., air or an inert gas) between the wafers, as shown in
Fig. 14A.

As shown in Fig. 14B, when a press pin 202 presses the

upper wafer 2 near its central portion before the gas between
10 the wafers 1 énd 2 is completely removed, the air at the

central portion of the wafers moves to the periphery. The

wafers 1 and 2 come into contact with each other at the central

portion first. As the gasbetween thewafers gradually moves

outward, the contact area expands, and finally, the entire
15 wafers come contact with each other.

Although the above method is applicable to bring two
wafers into contact by simple operation, it has the following
problems.

One of the problems is associated with wafer

20 contamination due to alignment of two wafers. Since the
upper wafer 2 floats on the gas between the wafers, friction
in moving the upper wafer 2 in the horizontal plane is very
small. The upper wafer 2 slides even when the jig 201
slightly tilts. Therefore, to properly align the two wafers

25 1 and 2, a means for limiting movement of the wafer 2 in the

horizontal plane is required. —
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support table consisting of a silicon materials, a’substrate processi ng

apparatus including the substrate support table, nmet hods—of

manuf acturi ng and handl i ng the substrate support t abl E,E d Reola
substrate processing nethod. 20 DESCRI PTION OF THE REl een Replaced
There is a nethod of bringing two wafers (substrates) [ ﬁ”l”md

bondi ng -t hem by anode bondi ng, pressing, or heat treat
nmethod is suitable to nmanufacture 25 a wafer having, e.g., an SO
The jig 201 shown in Figs. 14A and 14B has a recessed

structure.

portion conforming to the shape of the wafers 1 and 2. The

wafers 1 and 2 are aligned whiie being limited in their

movement in the horizontal direction by the side walls of
5 the recessed portion.

Fig. 15 is a view showing another jig for overlaying
the wafers 1 and 2 while aligning them. A jig 203 has a
plurality of alignment pins 204 and a press pin 205. The
wafers 1 and 2 are pressed against the plurality of alignment

10 pins 204 by the press pin 205, thereby limiting movement of
the wafers 1 and 2 in the horizontal plane.

The method of overlaying two wafers using the jig shown
in Figs. 14A and 14B or Fig. 15 has factors that generate
particles, inflict damage to the peripheral portions of. the

15 wafers, or lower the yield because the peripheral portions
of the wafers are in contact with the jig.

As another problem, no constant condition can be
obtained in pressing the wafers. More specifically, the time
after the two wafers are overlaid until they are pressed by

20 the press pin is nof constant, and the gap between the wafers
in pressing them by the press pin is not constant. Therefore,
the quality of the wafer obtained by bringing two wafers into
contact can hardly be uniformed. In addition, the gas
between the wafers sometimes escapes before the wafers are

25 pressed by the press pin. In this case, since the wafers

cannot be brought into contact while gradually removing the



Figs. 14A and 14B are schematic views showing the step _
-2- of bonding wafers. In this bonding step, first, a first wafer
1 with its bonding surface facing up is set on a wafer support

gas oﬁtward from the central portion, some gas may remain
entrapped between the wafers.
As an apparatus for supporting a substrate to be
processed in the manufacture of a semiconductor device, a
5 substrate support apparatus for supporting a substrate by
vacuum chucking is used. As a substrate support table, i.e.,
a unit of the substrate support apparatus, normally, a plate
consisting of a metal or ceramié material with high rigidity
and having a chuck groove is used.
10 - However, the conventional substrate support table is
expensive in general, and a demand for a more inexpensive

substrate support table has arisen.

SUMMARY OF THE INVENTION
15 The present invention has been made in consideration
of the above problems, and has as its object to increase the
quality of a substrate obtained by bringing two substrates
into contact with each other.
According to the present invention, there is provided
20 a substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with each
other, characterized by comprising support means for
supporting the first substrate; and pressing means for
pressing the second substrate against the first substrate,
25 the second substrate opposing the first substrate supported

by the support means, wherein the support means has a support
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jig 201, and a second wafer 2 with its bonding surface facing down is
softly placed on the first wafer 1, as shown in 5 Fig. 14A. At this

time, the upper wafer 2 floats on the gas (e.g., air or an inert gas)
bet ween the wafers, as shown in Fig. 14A - As shown in Fig.
14B, when a press pin 202 presses the upper wafer 2 near its central
portion before the gas between 10 the wafers 1 and 2 is conpletely
renoved, the air at the central portion of the wafers noves to the
peri phery. The wafers 1 and 2 cone into contact with each other at the
central . o

10

15

20

25

member'contacting a peripheral portion of one surface of the
first substrate to support the first substfate.

In the substrate processiné apparatus, the support
means preferably has chuck means for chucking the -first
substrate on the support member.

In the substrate processing apparaf:us, preferably, the
chuck means has an annular groove on a surface of the support
member, and the first substrate is chucked by the support
member by reducing a pressure in the groove.

In the substrate processing apparatus, the support
member preferably has an annular shape.

In the substrate processing apparatus, the support
member preferably supports an outermost portion of one
surface of the first substrate.

In the substrate processing apparatus, the Pressing
means preferably presses the second substrate substantially
at a central portion thereof.

In the substrate processing apparatus, the support
means preferably has, inside the support member, a deflection
prevention member for preventing deflection of the first
substrate.

In the substrate processing apparatus, the deflection
prevention member preferably supports the first substrate
substantially at a central portion thereof, thereby
preventing deflection of the first substrate.

In the substrate processing apparatus, a portion where
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portion first. As the gasbet ween thewafers gradually noves out war d,
the contact area expands, and finally, the entire 15 wafers cone contact

wi th each ot her. Al t hough the above nmethod is applicable to

. bring two wafers into contact by sinple operation, it. has the
fol |l ow ng pr obl ens. One of the problens is associated with
wafer 20 contam nation due to alignment of two wafers. Since the .
upper wafer 2 floats on the gas between the wafers, friction i n nmovi ng

t he upper wafer 2 in the horizontal plane is very
the support member is in contact with the first substrate

and a portion where the deflection prevention member is in
contact with the first substrate are preferably positioned
substantially in the same plane.

5 Preferably, the substrate processing apparatus further
comprises substrate manipulation means for canceling support
of the second substrate after the second substrate is
supported to oppose the first substrate supported by the
support means, and the pressing means presses the second

10 . substrate in synchronismwith cancel of support of the second
substrate by the substrate manipulation means.

In the substrate processing apparatus, preferably, the
support means substantially horizontally supports the first
substrate, and the substrate manipulation means

15 substantially horizontally supports the second substrate
above the first substrate and then cancels support of the
second substrate.

According to the present invention, theré is also
provided a substrate support apparatus for supporting one

20 of two substrates to be overlaid and brought into contact
with each other, characterized by comprising a support member
contacting a peripheral portion of one surface of a substrate
to support the substrate.

The substrate support apparatus preferably further

25 comprises chuck means for chucking the substrate on the

support member.

-
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smal | . The upper wafer 2 slides even when the jig 201 slightly tilts.
Therefore, to properly align the two wafers 25 1 and 2, a neans for
limting novenent of the wafer 2 in the hori zontal plane is required.

10

15

20

25

In the substrate support apparatus, preferably, the
chuck means has an annular groove on a surface of the 'support
member, and the substrate is chucked by the support member
by reducing a pressure in the groove.

In the substrate support apparatus, the support member
preferably has an annular shape..

The substrate support apparatus preferably further
comprises, inside the support member, a deflection
prevention member for preventing deflection of the
substrate.

In the substrate support apparatus, the deflection

prevention member preferably supports the substrate

substantially at a central portion thereof, thereby

preventing deflection of the subgtrate.

In the substrate support apparatus, a portion where the
support niember is in contact with the substrate and a portion
where the deflection prevention member is in contact with
the substrate are preferably positioned substantially in the
same plane.

According to the present invention, there is also
provided a substrate processing method of overlaying two
substrates and bringing the substrates into contact with each
other, characterized by comprising supporting a first
substrate by a support member contacting a peripheral portion
of one surface of the first substrate, and pressing a second

substrate toward the first substrate, the second substrate
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The jig 201 shown in Figs. 14A and 14B has a recessed portion

conformng to the shape of the wafers 1 and 2. The wafers 1 and 2 are
aligned while being limted in their novenent in the horizontal

direction by the side walls of 5 the recessed portion. Fig. 15
is a view showi ng another jig for overlaying - the wafers 1 and 2 while
aligning them A jig 203 has a plurality of alignnent pins 204 and a
press pin 205. The wafers 1 and 2 are pressed against the plurality

of alignnent ) ) .. )
opposing the first substrate, thereby bringing the first and

second substrates into contact with each other.

In the substrate processing method, preferably, a

support member having a chuck mechanism is used as the support
5 member.

In the substrate processing method, preferably, an
annular support member is used as the support member.

In the substrate processing method, the support member
preferably supports an outermost portion of the first

10 substrate.

In the substrate processing method, the second
substrate is preferably pressed substantially at a central
portion thereof.

In the substrate processing method, the step of pressing

15 the second substrate preferably comprises bringing a
deflection prevention member formed inside the support
member into contact with the first substrate.

The above apparatus and method are suitable to
manufacture a SOI substrate.

20 According to the present invention, there is provided
a substrate processing method of overlaying two substrates
and bringing the substrates into contact with each other,
characterized by comprising the steps of transferring first
and second substrates to any one of the above substrate

25 processing apparatuses, overlaying the first and second

substrates and bringing the substrates into contact with each
I —
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10 pins 204 by the press pin 205, thereby Iimting novenent of t he

wafers 1 and 2 in the horizontal plane. The nethod of overlaying
two wafers using the jig shown. in Figs. 14A and 14B or Fig. 15 has
factors that generate particles, inflict damage to the peripheral
portions of the 15 wafers, or lower the yield because the peripheral
portions of the wafers are in contact with the jig. . As

anot her problem no constant condition can be obtained in pressing the
wafers. More specifically, the tine after the two wafers are overlaid
until they areo$hexsby substrate processing apparatus, and receiving

the substrates in contact with each other from the substrate
processing apparatus.
According to the present invention, there is -also

5 provided a substrate processing method of overlaying two
‘substrates and bringing the substrates into contact with each
other, characterized by comprising the steps of causing any
one of the above substrate support apparatuses to support
a first substrate, opposing a second substrate to the first

10 substrate supported by the substrate support apparatus, and
overlaying tﬁe first substrate and the second substrate and
bringing the substrates into contact with each other.

According to the present invention, there is also
provided a method of manufacturing a substrate,

15 characterized by comprising the steps of prepéring first and
second substrates, and bringing the first and second
substrates into contact with each other by any one of the
above substrate processing methods.

According to the present invention, there is also

20 provided a method of manufacturing an SOI substrate,
characterized by comprising the steps of preparing first and
second substrates, bringing the first and second substrates
into contact with each other by any one of the above substrate
processing methods to prepare a substrate having a layer in

25 which a single-crystalline Si layer and an insulating layer

are stacked, and separating the substrates which are in
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20 the press pin is not constant, and the gap between the wafers I n
pressi ng them byt hepresspi ni snotconstant. Therefore, the quality of
t he wafer obtained by bringing two wafers into contact can hardly be
uni formed. In addition, the gas ~ between the wafers sonmetinmes escapes
before the wafers are 25 pressed by the press pin. 1In this case, since
the wafers cannot be brought into contact while gradually renoving the

contact with each other at a portion other than a contact

interface to prepare one of the separated substrates as the

substrate having the single-crystalline Si layer on the

insulating layer. -

5 The present invention has been made in consideration

of the above problemé, and has as its object to provide an

inexpensive substrate support table.

According to the present invention, there is provided
a substrate support table characterized by comprising a

10 member consisting of a silicon material.

According to the present invention, there is also
provided a substrate support table characterized by
comprising a member formed from a silicon wafer.

The substrate support table preferably comprises a

15 chuck portion for chucking a substrate to be_supported.

In the substrate support table, the chuck portion is
preferably formed by lithography.

In the substrate support table, the chuck portion is
preferably formed by etching the silicon wafer.

20 In the substrate support table, the chuck portion is
preferably formed by wet-etching the silicon wafer.

In the substrate support table, the chuck portion
preferably includes sealing portions for vacuum;chucking the
substrate and a suction hole for exhausting a gas in a space

25 defined by the sealing portions.

In the substrate support table, preferably, the sealing
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-4-

ent rapped between the wafers.

gas outward fromthe central portion, sone gas nay renain
As an apparatus for supporting a

substrate to be processed in the manufacture of a sem conduct or

devi ce, a

S substrate support apparatus for suppoerting a substrate by
vacuum chucking is used. As a substrate support table, i.e., -a unit of

the substrate support apparatus, normally, a plate

10

15

20

25

portions are doubled along inside a periphery of the
substrate to be supported, and the suction hole communicates
with the space between the doubled sealing portions.

In the substrate support table, the sealing portions
preferably project to have a bank shape at ‘the periphery.

In the substfate support table, preferably, in chucking
the substrate, only the sealing portions are brought into
contact with the substrate.

The substrate support table preferably further
comprises a deflection prevention portion for preventing the
chucked substrate from deflecting.

In the substrate support table, the deflection
prevention portion is preferably formed between the sealing
portions.

In the substrate support table, preferably, in chucking
the substrate, only the sealing portions and the deflection
prevention portion are brought into contact with the
substrate.

In the substrate support table, the surfaces of the

sealing portions and the deflection prevention portion,

‘which are in contact with the substrate to be supported, are

preferably positioned substantially in the same plane.

In the substrate support table, the chuck portion is
preferably located at a position where a peripheral portion
of the substrate to be supported can be chucked.

In the substrate support table, preferably, a pin hole

This Sheet Has Been Replaced
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consisting of a nmetal or ceramic material with high rigidity and

havi ng a chuck groove is used. 10 However, the conventi onal
substrate support table is expensive in general, and a demand for a
nor e i nexpensive substrate support table has arisen.

SUMMVARY COF THE | NVENTI ON 15 The present invention has been nmade in
consi derati on of the above problens, and has as its object to increase
t he gquality of a substrate obtained by bringing two substrates

through which a load pin for vertically moving the substrate
to be supported on the substrate support table is inserted
extends through the main body.
The silicon wafer preferably complies with the SEMT
5 standard or the JAIDA standard.
According to the present invention, there is provided
a substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with each
other, characterized by comprising an attachment/detachment

10 mechanism for attaching/detaching the substrate support
table, and pressing means for pressing a second substrate
toward a first substrate supported by the attached substrate
support table, the second substrate opposing the first
substrate. '

15 In the substrate processing apparatus, the pressing
means preferably presses the second substrate substantially
at a central portion thereof.

Preferably, the substrate processing apparatus further
comprises substrate manipulation means for canceling support

20 of the second substrate after the second substrate is
supported to oppose the first substrate supported by the
substrate support table, and the pressing means Presses the
second substrate in synchronism with cancel of support.of
the second substrate by the substrate manipulétion means.

25 In the substrate processing apparatus, preferably, the

substrate support table substantially hori zontally supports

I —
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into contact with each other. According to the present invention,
there is provided 20 a substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with each ot her,
characterized by conprising support neans for supporting the first
substrate; and pressing neans for pressing the second substrate
against the first substrate, 25 the second substrate opposing the first
substrate supported by the support means, wherein the support neans

has a support . .
PP the first substrate, and the substrate manipulation means

substantially horizontally supports the second substrate
above the first substrate and then cancels support of the
second substrate. -

5 The above substrate support table and the substrate
processing apparatus are suitable to manufacture, e.g., an
SOI substrate.

According to the present invention there is provided

a substrate processing method of overlaying two substrates

10 and bringing the substrates into contact with each other,
characterized by cdmprising the steps of causing any one of
the above substrate support tables to support a first
substrate, opposing a second substrate to the first substrate
supported by the substrate support table, and overlaying the

15 first substrate and the second substrate and bringing the
substrates into contact with each other.

According to the present invention, there is also
provided a substrate processing method of overlaying two
substrates and bringing the substrates into contact with each

20 other, characterized by comprising the steps of transferring
first and second substrates to any one of the above substrate
processing apparatuses, overlaying the first and second
substrates and bringing the substrates into contact with each
other by the substrate processing apparatus, and receiving

25 the substrates in contact with each other from the substrate

processing apparatus.
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menber contacting a peripheral portion of one surface of the first
substrate to support the first substrate. In the substrate
processi ng apparatus, the support nmeans preferably has chuck neans
for chucking the first 5 substrate on the support nenber.

10

15

20

25

According to the present invention, there is also
provided a method of manufacturing an SOI substrate,
characterized by comprising the steps of preparing first and
second substrates, bringing the first and second substrates
into contact with each other by any one of the above substrate
processing methods to prepare a substrate having a layer in
which a single-crystalline Si layer and an' insulating layer
are stacked, and separating the substrates which are in
contact; with each othér at a portion other than a contact
interface to prepare one of the separated substrates as the
substrate having the single-crystalline Si layer on the
insulating layer.

~According to the present invention, there is also
provided a cieaning method characterized by comprising
cleaning the substrate support table while accommodating the
above substrate support table in a wafer cassette for storing
a wafer for manufacturing a semiconductor device.

According to the present invention, there is also
provided amethod of handling the wafer processing app.aratus .
characterized by comprising the steps of detaching the
substrate support table from the wafer processing apparatus,
cleaning the substrate support table while accommodating the
detached substrate support table in a wafer cassette for
storing a wafer for manufacturing a semiconductor device,
and attaching the cleaned substrate support table in the

wafer processing apparatus.
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In the substrate processing apparatus, preferably, the chuck neans
has an annul ar groove on a surface of the support menber, and the
first substrate is chucked by the support nmenber by reducing a
pressure in the groove. 10 In the substrate processing appar at us,

t he support menber preferably has an annul ar shape. In the
substrate processing apparatus, the support menber preferably supports
an outernost portion of one surface of the first substrate. 15

In the substrate processing apparatus, the pressing _

According to the present invention, there is also
provided a method of manufacturing a substrate support table,
characterized by comprising the steps of forming an Sio, £film
to cover an entire silicon wafer, forming a first photoresist

5 film on one surface of the SiO, film, patterning the first
photoresist film to expose the Si0, film at a portion where
sealing portions for vacuum chucking are to be formed,
etching the SiO, film at the exposed portion to expose the
siliconwafer, removing the remaining first photoresist £ilm,

10 etching the silicon wafer at the exposed portion to a
predetermined depth, forming an SiO, film to cover the entire
silicon wafer, forming a second photioresi-st £film on the other
surface of the Si0O, film, patterning the second photoresist
film to expose the Si0, £ilm at a portion where a suction hole

15 for vacuum chucking is to be formed, etching the Si0O, film
at the exposed portion to expose the silicon wafer, removing
the remaining second photoresist film, etching the silicon
wafer at the exposed portion to form the suction hole
extending through the silicon wafer, and removing the

20 remaining SiO, film.

According to the present invention, there is also
provided amethod of manufacturing a substrate support table,
characterized by comprising the steps of forming a first film
to cover an entire silicon wafer, forming a £irst photoresist

25 film on one surface of the first film, patterning the first

photoresist film to expcse the first film at a portion where
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means preferably presses the second substrate substantially at a

central portion thereof. In the substrate processing appar at us,

t he support nmeans preferably has, inside the support nenber, a
deflection 20 prevention nenber for preventing deflection of the first
substrate. In the substrate processing apparatus, the deflection

prevention nmenber preferably supports the first substrate
substantially at a central portion thereof, thereby 25 preventing

deflection of the_first substrate.
sealing portions for vacuum chucking are to be formed,

etching the first film at the exposed portion to expose the
siliconwafer, removing the remaining first photoresist £ilm,
etching the silicon wafer at the exposed portion to a
5 predetermined depth, forming a second film to cover the

entire silicon wafer, forming a second photoresist film on
the other surface of the second film, patterning the second
photoresist film to expose the seéond film at a portion where
a suction hole for vacuum chucking is to be formed, etching

10 the second film at the exposed portion to expose the silicon
wafer, removing the remaining second photoresist film,
etching the silicon wafer at the exposed portion to form the
suction hole extending through the silicon wafer, and
removing the remaining second film.

15 Further object, features and advantages of the present
inventio_n will become apparent from the following detailed
deséription of embodiments of the present invention with

reference to the accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspec_tive view schematically showing the
overall arréngement of a wafer processing apparatus
according to a preferred embodiment of the present invention;
Fig. 2 is an enlarged view of part of Fig. 1:
25 Fig. 3 is a sectional view showing the arrangement of

a wafer support section of the wafer processing apparatus
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In the substrate processing apparatus, a portion where
- 6- the support nenber is in contact with the first substrate

and a portion where the deflection prevention nenber is in cont act
with the first substrate are preferably positioned

shown in Figs. 1 and 2;

Fig. 4 is a view showing a state wherein two wafers are
brought into contact on the wafer support section shown in
Fig. 3; -

5 Figs. 5 to 9 are sectional views of the wafer processing
apparatus shown in Figs. 1 and 2 taken along a line A - A‘-;

Fig. 10 is a block diagram showing the arrangement of
the control system of the wafer processing apparatus;

Fig. 11 is a flow chart showing the control procedure

10 based on a program;

Fig. 12 is a sectional view shoWing the structure of'
a wafer support table according to the second embodiment;

Figs. 13A to 13F are views showing steps in
manufacturing a wafer having, e.g., an SOI structure;

15 Figs. 14A and 14B are schematic views showing steps in
bonding wafers;

Fig. 15 is a view showing an example of a jig for
overlaying two wafers while positioning them;

Fig. 16 is a plan view showing the arrangement of a wafer

20 support table according to the third embodiment of the
present invention;

Fig. 17 is a sectional view of part of the wafer support
table shown in Fig. 16;

Fig. 18 is a sectional view showing the arrangement of

25 a wafer support apparatus including the wafer support table
shown in Fig. 16;

- —
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substantially in the sane pl ane. 5 Preferably, the substrate
processi ng apparatus further conpri ses substrate mani pul ati on nmeans
for canceling support of the second substrate after the second
substrate is supported to oppose the first substrate supported by the
support neans, and the pressing neans presses the second 10 substrate in
synchronism wi th cancel of support of the second substrate by the
substrate nmani pul ati on neans. In the substrate processing

appar at us, preferabuyﬂ t he support neans substantially horizontally
supports the first igs. 19A to 19N are views showing steps in

manufacturing the wafer support table;
Fig. 20 is a view showing a state wherein two wafers
are brought into contact using the wafer support apparatus;
5 Fig. 21 is aperspective view schematically showing the -
overall arrangement of a wafer processing apparatus;
Fig. 22 is an enlarged view of part of Fig. 21;
Figs. 23 to 27 are sectional views of the wafer
processing apparatus shown in Figs. 21 and 22 taken along
10 a line A - A‘';
Fig. 28 is a block diagram showing the arrangement of
the control system of the wafer processing apparatus; and
Fig. 29 is a flow chart showing the control procedure

of based on a program.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be
described below with reference to the accompanying drawings.
[First Embodiment]
20 Fig. 1 is a perspective view schematically showing the

overall arrangement of a wafer processing apparatus
according to the first embodiment. Fig. 2 is an enlarged
view of part of Fig. 1. Fig. 3 is a sectional view showing
the arrangement of a wafer support section of a wafer

25 processing apparatus 100 shown in Figs. 1 and 2. Fig. 4 is

a view showing a state wherein two wafers are brought into
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substrate, and the substrate mani pul ation nmeans 15 substantially

hori zontal | y supports the second substrate above the first substrate
and then cancel s support of the second substrate. Accordi ng
to the present invention, there is al so provi ded a substrate support
apparatus for supporting one 20 "of two substrates to be overlaid and
brought into contact with each other, characterized by conprising a
support nenber contacting a peripheral portion of one surface of a
substrate to . su port Lhe sybstr at e.

conta on t er support section shown in Fig. 3.

Figs. 5 to 9 are sectional views showing the wafer processing
apparatus 100 show in Figs. 1 and 2 taken along a line A - A".
Figs. 5 to 9 show the operation of bringing two wafers into
5 contact.

The wafer processing apparatus 100 overlays two wafers
and brings them into contact and is suitably used to practice
a method of bonding two wafers to manufacture a wafer having,
e.g., an SO.I structure.

10 The wafer processing apparatus 100 has a wafer support
table 3 for supporting a firstwafer 1 (Fig. 4) from its lower
surface, and a wafer moving mechanism 4 for chucking a second
wafer 2 (Fig. 4) from its lower surface and making the second
wafer 2 oppose almost parallel to the first wafer 1.

15 The wafer support table 3 preferably has a contact
surface which comes into contact with only the peripheral
portion (and more preferably with the outermost portion) of
the lower surface of the first wafer 1. The contact surface
is preferably annular. When the wafer support table 3 comes

20 into contact with only the lower surface of the first wafer
1, the upper surface of the first wafer 1 can be prevented
from being conta;ni_nated by particles, and additionally,
damage to the first wafer 1 can also be prevented.
Furthermore, wﬁen the wafer support table 3 comes into

25 contact with only the peripheral portion or part of t1:1e lower

surface of the first wafer 1, unevenness on the first wafer
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The substrate support apparatus preferably further 25 conprises chuck
means for chucking the substrate on the support nenber.

-7-

10

15

20

25

In the substrate support apparatus, preferably, the

1 supported on the wafer support table 3 due to particles
which may adhere to the wafer support table 3 or the lower
surface of the first wafer 1 can be prevented.

The wafer support table 3 preferably has a chuck

mechanism for chucking the first wafer 1. Inthis embodiment,

. the wafer support table 3 has a vacuum chuck mechanism.

However, another chuck mechanism such as an electrostatic
chuck mechanism may be employed.

The wafer mdving mechanism 4 preferably comes into
contact with only the lower surface of the second wafer 2.
In this embodimen't, the wafer moving mechanism 4 has a groove
4a for vacuum-chucking the wafer. To chuck the second wafer
2, the pressure in the groove 4a is reduced. With the lower

surface of the second wafer 2 chucked by a wafer chuck portion

4c, the wafer moving mechanism 4 pivots about a shaft 4b

through about 180° to make the second wafer 2 oppose almost
parallel to the first wafer 1. The shaft 4b is located near
the middle position between the wafer support table 3 and
the wafer chuck portion 4c.

The wafer processing apparatus 100 also has, as a
mechanism for adjusting the gap between the two wafers 1 and
2 opposi.ng each other, a displacement detection section 15
for measuring the thickness of the first wafer 1 mounted on
the wafer support table 3, a displacement detection séction
12 for measuring the thickness of the éecond wafér 2 chucked

by the wafer chuck portion 4c, and a Z-axis stage 5 (Fig. 5)
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chuck neans has an annul ar groove on a surface of the support

nmenber,

and the substrate is chucked by the support nenber by reducing a
pressure in the groove. 5 In the substrate support apparatus, the
support nenber preferably has an annul ar shape. The
substrate support apparatus preferably further conprises, inside the
support nenber, a deflection prevention nmenber for preventing '

defl ection of the 10 substrate.
appar at us,

In the substrate support

the defl ection

10

15

20

25

for vertically amoving the wafer support table 3 on the basis

of the measurement results from the displacement detection

sections 12 and 15 to adjust the gap between the wafers 1

and 2 to a set value. -

The wafer processing apparatus 100 also has a press
mechanism 6 for pressing the upper wafer 2 near its central
portion while the two wafers 1 and 2 are supported to be
opposite to each other. Apress pin Gé of the press mechanism
6 pivots about a shaft 6b to be close to the lower surface
of the upper wafer 2 after the twowafers 1 and 2 are supported
to be opposite to each other. When the wafer chuck portion
4c of the wafer moving mechanism 4 cancels chucking of the
upper wafer 2, the press mechanism 6 presses the upper wafer
2 by pressing the press pin 6a against the lower surface of
the wafer 2. The two wafers 1 and 2 gradually come into
contact with each other outward from the pressed portion,

and accordingly, the gas between the wafers 1 and 2 is expelled

.outward. Consequently, nogas remains entrapped between the

wafers 1 and 2.

The wafer 2 is preferably pressed by the press pin 6a
almost simulﬁaneously with cancel of chucking of the wafer
2 by the wafer chuck portion 4c. In this case, pressing can
be started while maintaining the gap between the two wafers
1 and 2, which is adjusted to the set value. This unlfo:cms
the quality of the wafer obtained by bringing the two wafers

into contact. Inaddition, gas entrapment between the wafers
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prevention nmenber preferably supports the substrate substantially at a

central portion thereof, thereby preventing deflection of the
substrate. 15 In the substrate support apparatus, a portion where
t he support nmenber is in contact with the substrate and a portion
where the defl ection prevention menber is in contact with t he
substrate are preferably positioned substantially in the sane pl ane.
20 According to the present invention, there is also provi ded a

substrate processi%? met hod of overlaying two
1 2 can be more effectively prevented. Furthermore,

shift of the wafers 1 and 2 can be prevented.

The press mechanism 6 incorporates a vibrator (e.g.,

a piezoelectric element) for vibrating the press pin-6a. By
5 vibrating the press pin 6a which is pressing the wafer 2,
the gas between the wafers 1 and 2 can be efficiently removed.

Pressing the wafer 2 by the press pin 6a may be
controlled at another timing. For example, préssing may be
performed at a predetermined timing before a predetermined

10 amount of gas between the wafers 1 and 2 is removed after
chucking of thewafer 2 is canceled, at a timing upon counting
a predetermined time after chuck of the wafer 2 is canceled,
or at a predetermined timing after chucking of the wafer 2
is canceled and before the distance between the wafers 1 and

15 2 becomes a predetermined distance or less due to the weight
of the wafer 2.

The wafer processing apparatus 100 also has a wafer
transfer robot 10 for setting the wafers 1 and 2 on the wafer
support table 3 and the wafer chuck portion 4c, respectively,

20 and receiving the wafers in contact with each other from the
wafer support table 3, and a wafer alignment section 11.

In this wafer processing apparatus 100, before the start
of wafer contact processing, wafer cassettes 7 and 8 storing
wafers 1 and 2 which have not been processed yvet, and a wafer

25 cassette 9 for storing processed wafers are set at

predetermined positions. In this embodiment, wafers 1 and
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substrates and bringing the substrates into contact with each ot her,

characterized by conprising supporting a first substrate by a support
nmenber contacting a peripheral portion 25 of one surface of the first
substrate, and pressing a second - substrate toward the first substrate,
t he second substrate - 8-

2 which have not been processed yet are stored in the wafer
cassettes 7 and 8, respectively, while having the lower
surfaces facing down.
When the start of wafer contact processing is instructed
5 with an operation switch 16b on a control panel 16, the wafer
transfer robot 10 chucks the lower surface of an unprocessed
wafer 1 stored in the wafer cassette 7, and transfers the
wafer 1 to the wafer alignment section 11. The wafer
alignment section 11 detects the central position and

10 direction (e.g., the orientatioh flat and notch position)
of the transferred wafer 1 using a sensor and adjusts the
central position and direction. The wafer alignment section
11 preferably comes into contact with only the lower surface
of the wafer 1.

15 After this, the wafer transfer robot 10 receives the
aligned wafer 1 and sets it at a predetermined position on
load pins 13 which project from the wafer support table 3
through load pin holes 3e. After the wafer 1 is mounted on
the load pins 13, the wafer support table 3 moves upward,

20 so the wafer 1 is supported by the wafer support table 3.
Since the wafer 1 has already been aligned by the wafer
alignment section 11 and traﬁsferred to the wafer support
table 3 while maintaining its positional relationship, the
central position and direction of the wafer 1 need not be

25 adjusted again on the wafer support table 3. However,

alignment of the wafer 1 may be performed on the wafer support
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opposing the first substrate, thereby bringing the first and second
substrates into contact with each other. In the substrate
processi ng nethod, preferably, a support nenber having a chuck
mechani smis used as the support 5 nmenber. In the substrate
processi ng net hod, preferably, an annul ar support nenber is used as
t he support nenber. In the substrate processing nethod, the
support nenber preferably supports an outernost portion of the first

table 3.

Next, the wafer transfer robot 10 extracts an
unprocessed wafer 2 from the wafer cassette 8. With the same
procedures as described above, the wafer alignment section

5 11 adjusts the central position and direction of the wafer
2, and then, the wafer 2 is set at a predetermined position
on load pins 14 which project from the wafer chuck portion
4c of the wafer moving mechanism 4. After the wafer 2 is
mounted on the load pins 14, the wafer chuck portion 4c pivots

10 about the shaft 4b until the wafer chuck portion 4c contacts
the lower surface of the wafer 2. The pressure in the groove
da is reduced,.so the wafer 2 is chucked by the wafer chuck
portion 4c. As described above, since the wafer 2 has already
been aligned by the wafer alignment section 11 and chucked
15 Dby the wafer chuck portion 4c while maintaining its
positional relationship, the central position and direction
of the wafer 2 need nét be adjusted again in chucking. In
chucking the wafer 2, the load pins 14 may be retracted
downward instead of pivoting the wafer chuck portion 4c.
20 While the wafers 1 and 2 are being supported by the wafer
support table 3 and the wafer chuck portion 4c, respectively,
the displacement detection sections 15 and 12 measure the
thicknesses of the wafers 1 and 2. More specifically, the
displacement detection sections 15 énd 12 move sensors 15a
25 and 12a close to the upper portions of the wafers 1 and 2,

irradiate the wafers 1 and 2 with light, and measure the
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10 substrate. In the substrate processing nethod, the second

substrate is preferably pressed substantially at a central portion

t her eof . In the substrate processing nethod, the step of
pressing 15 the second substrate preferably conprises bringing a

defl ection prevention nenber forned inside the support menber into .
contact with the first substrate. The above apparatus and net hod
are suitable to manuf acture a SO substrate.

thicknesses of thewafers 1 and 2 on the basis of the reflected
light, respectively.
When measurement of the thicknesses of the wafers 1 and
2 is ended, the wafer chuck portion 4c¢ pivots_ about the shaft
5 4b through about 180° to make the wafer 2 oppose almost
parallel to the wafer 1, as described above. After this, the
gap between the wafers 1 and 2 is adjusted by the Z-axis stage
5, and the wafer 2 is pressed by the press pin 6a, thus
completing contact processing.

10 When contact processing is ended, the wafer subport
table 3 is moved downward by the Z-axis stage 5, and the
processed wafers are supported by the load pins 13. After
this, the wafer transfer robot 10 receives the processed
wafers and stores them in the wafer cassette 9.

15 By repeatedly executing the above procedure, a
plurality of wafers stored in the wafer cassettes 7 and 8
can be continuously prbcessed.

The arrangement of the wafer support table 3 will be
described next. The wafer support table 3 ha‘s a circular

20 central portion 3¢ and an annular peripherai portion 3d. Two
chuck grooves 3a and 3b are formed in the chuck surface of
the peripheral portion 3d (surface where the wafer 1 is
chucked) to vacuum-chuck the wafer 1.

The chuck grooves 3a and 3b communicate with a suction

25 hole 18awhich is coupled to apipe 18 having a valve 19 midway.

A vacuum pump 20 is connected to one end of the pipe 18. Wafer
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20 According to the present invention, there is provided a

substrate processing nethod of overlaying two substrates and bringing
the substrates into contact with each other, characterized by
conprising the steps of transferring first and second substrates to
any one of the above substrate 25 processing apparatuses, overlaying the
first and second substrates and bringing the substrates into contact
wi th each

10

15

20

25

chucking by the chuck grooves 3a and 3b can be controlled
by opening or closing the valve 19.

When the wafer 2 is to be pressed by the press pin 6a,
the valve 19 is opened to lower the pressure in the chuck
grooves 3a and 3b, thereby chucking the wafer 1. When the
wafer 1 is chucked by the chuck grooves 3a and 3b formed in
the surféce of the peripheral portion 3d with a flat surface,
the first wafer 1 is corrected to be nearly flat.

In this state, the wafer 2 is pressed at its central
portion, as shown in Fig. 4._ First, the central portions of
the two wafers 1 and 2 come into contact, and then, the contact
portion gradually expands outward. At this time, the contact
portion expands inall directions almost at a constant speed.

The operation of the wafer processing apparatus 100 in
bringing two wafers into contact will be described next with
reference to Figs. 5 to 9.

When the wafers 1 and 2 are mounted on the load pins
13 and 14 by the wafer transfer robot 10, respectively, the.
Z-axis stage 5 moves the wafer support table 3 upward to a
predetermined position at which the wafer 1 is supported,
and the wafer moving mechanism 4 pivots the wafer chuck
portion 4c about the shaft 4b to a predetermined p__osition
at which the wafer 2 can be chucked, as shown in Fig. 5.

Next, as shown in Fig. 6, the sensors 15a and 12a of
the displacement detection sections 15 and 12 move onto the

wafers 1 and 2 to measure the thicknesses of the wafers 1
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-9- ot her by the substrate processing apparatus, and receiving
the substrates in contact with each other fromthe substrate

processi ng appar at us. According to the present invention, there
i s-al so 5 provided a substrate processing nethod of overlaying two
substrates and bringing the substrates into contact with each ot her,

characterized by conprising the steps of causing any

and 2, respectively. After the thicknesses of the wafers 1
and 2 are measured, the sensors 15a and 12a return to the
initial positions shown in Fig. 5.
As shown in Fig. 7, the wafer moving mechanism 4 pivots
5 the wafer chuck portion 4c about the shaft 4b through around
180° to make the wafers 1 and 2 opposite to each other almost
in the horizontal direction. The height of the wafer support
table 3 is adjusted by the Z-axis stage 5 on the basis of
the measured thicknesses of the wafers 1 and 2 to set the
10 gap between the wafers 1 and 2 at a set value. The gap is
preferably 20 to 100 pm at the central portion of the wafers
and, more preferably, 30 to 60 um. The wafer processing
apparatus 100 opens the valve 19 so that the peripheral
portion of the lower surface of the wafer 1 is chucked by
15 the chuck surface of the peripheral portion 3d of the wafer
support table 3. With this operation, the wafer 1 is
corrected to be almost flat.
As shown in Fig. 8, the press pin 6a is pivoted about
the shaft 6b to be close to the lower surface of the wafer
20 2 (e.g., aposition at which the press pin 6a is substantially
in contact with the lower surface of the wafer 2).
Subsequently, as shown in Fig. 9, the lower surface of
the wafer 2 is pressed by the press pin 6a when chucking of
the wafer 2 by the wafer chuck portion 4c is canceled. The
25 wafers 1 and 2 gradually come into contact with each other

outward from the central portion, and finally, the entire
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one of the above substrate support apparatuses to support a first
substrate, opposing a second substrate to the first 10 substrate
supported by the substrate support apparatus, and overlaying the first
substrate and the second substrate and bringing the substrates into
contact with each other. According to the present invention,
there is also provi ded a nethod of manufacturing a substrate, 15
characterized by conprising the steps of preparing first and second
substrates, and bringing the first and second substrates into contact
with each ot heSURfasRF &%e dp cratact with each other.

After the press mechanism 6 is returned to the initial
state (state shown in Fig. 5), the wafer chuck portion 4c
is returned to the initial state (state shown in Fig. 5).

5 The valve 19 is closed to set the interior of the chuck groove
3a to the atmospheric pressure (chucking of the wafer 1 is
canceled), and then, the wafer support table 3 is moved
downward, so that the wafers in contact with each other are
supported by the load pins 13. In this state, the wafer

10 transfer robot 10 chucks the lower surface of the wafers in
contact with each other, transfers them to the wafer cassette
9, and stores them in the wafer cassette 9.

Fig. 10 is a block diagram showing the arrangement of

the control systeﬁ of the wafer processing apparatus 100.
15 A control section 17 controls the wafer transfer robot 10,

the wafer alignment sectionlll, the displacement detection

sections 12 and 15, the Z-axis stage 5, the wafer moving

mechanism 4, the press mechanism 6, the panel section 16,

and a valve control section 19a by a CPU 17a which operates
20 on the basis of a program 17b.

Fig. 11 is a flow chart showing the control procedure
based on the program 17b. The operation of the control system
of the wafer processing apparatus 100 will be described with
reference to the flow chart.

25 When the start of contact processing is instructed by

operating the operation switch 16b, constituent elements
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above substrate processing nethods. According to the present
I nvention, there is also 20 provided a nethod of manufacturing an SO

substrat e, characteri zed by conprising the steps of preparing first
and second substrates, bringing the first and second substrates

into contact with each other by any one of the above substrate

processi ng nethods to prepare a substrate having a layer in 25 which a
single-crystalline Si layer and an insulating |ayer are stacked, and

separating the substrates which are in . L.
connected to the control section 17 are initialized in step

S101. In this initialization step, the presence and
positions of the Wafer cassettes 7, 8, and 9 are also confirmed.
If preparation is not complete, this is indicated ona display
5 panel 1l6a to warn the operator.
In step S102, a wafer 1 stored in the wafer cassette
7 is chuckea by controlling the wafer transfer robot 10. In
step S103, the chucked wafer 1.is transferred to the wafer
alignment section 11 and aligned (central position and
10 direction). In step S104, the wafer 1 is set at a
predetermined position on the load pins 13 projecting froni
the wafer support table 3 by controlling the wafer transfer
robot 10. The wafer support table 3 is moveq upward to a
predetermined position by controlling the Z-axis stage 5.
15 In step S105, a wafer 2 stored in the wafer cassette
8 is chucked by controlling the wafer transfer robot 10. In
step S106, the wafer 2 is transferred to the wafer alignment
section 11 and aligned (central position and direction). In
step S107, the wafer 2 is set at a predetermined position
20 on the load pins 14 projecting from the wafer chuck portion
4c by controlling the wafer transfer robot 10. The wafer
chuck portion 4c is pivoted about the- shaft 4b through a
predetermined angle by controlling a pivoting motor 4d of
the wafer moving mechanism 4, so the wafer 2 is chucked by
25 the wafer chuck portion 4c.

In step S108, the sensor 15a is moved to a predetermined
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-10 - contact with each other at a portion other than a contact
Interface to prepare one of the separated substrates as the substrate
having the single-crystalline Si |ayer on the i nsul ating | ayer. 5
The present invention has been nmade in consideration

position on the wafer 1 by controlling a driving section 15b
of the displacement detection section 15, so the thickness
of the wafer 1 is measured by the sensor 15a.
In step S109, the sensor 12a is moved to a predetermined
5 position on the wafer 2 by controlling a driving section 12b
of the displacement detection section 12, so the thickness
of the wafer 2 is measured by the sensor 12a.
In step S110, the wafer chuck portion 4c¢c is pivoted about
the shaft 4b through about 180° by controlling the pivoting
10 motor 4d of the wafer moving mechanism 4 to make the wafers
1 and 2 opposite to each other almost in the horizontal
direction.
In step S111, data for adjusting the gap between the
wafers 1 and 2 to a set value is prepared on the basis of
15 the measurement result of the thicknesses of the wafers 1
and 2. The Z-axis stage 5 is controlled on the basis of the
data to adjust the gap between the wafers 1 and 2.
In step S112, the valve control section 19a opens the
valve 19, so the first wafer 1 is chucked by the wafer support
20 table 3.
In step S113, the press pin 6a is pivoted about the shaft
6b by controlling a pivoting motor 6d of the press mechanism
6 until the distal end portion of the press pin 6a roughly
contacts the lower surface of the wafer 2.
25 In step S114, chucking of the wafer 2 by the wafer chuck

portion 4c is canceled. 1In step S115, the pivoting motor 6d
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of the above problens, and has as its object to provide an i nexpensi ve
substrate support table. According to the present invention,
there is provided a substrate support table characterized by
conprising a 10 nenber consisting of a silicon materi al.

According to the present invention, there is also provi ded a substrate
support table characterized by conprising a member fornmed froma
silicon wafer. The substrate support table preferably conprises a

Kk rtion for ,chucking a substrate to be support ed.
15 chuck po and a vibrator gc of the press mechani%gt 6 are controlled

to press the press pin 6a against the lower surface of the
wafer 2 and simultaneously vibrate the press pin 6a. When
step S115 is executed immediately after step S114,- cancel

5 of chucking of the wafer 2 and pressing can be performed almost
simultaneously. Pressing may be started after step S114,
e.g., after a predetermined time 'is counted.

When the wafers 1 and 2 are completely in contact with

each other, the pivoting motor 64 of the press mechanism 6

10 is controlled to return the press pin 6a to the initial
position in step S116. In step S117, the pivoting motor 4d
of the wafer moving mechanism 4 is controlled to return the
wafer chuck portion 4c to the initial position.

In step S118, the valve 19 is closed to return the

15 interior of the chuck grooves 3a and 3b to the atmospheric _
pressure, thereby canceling chucking of thewafer 1. Instep
S119, the Z-axis stage 5 is controlled to move the wafer
support table 3 downward to the initial state. WwWith this.
operation, the wafers in contact with each o.ther are

20 supported by the load pins 13.

In step S120, the wafer transfer robot 10 is controlled
to transfer the wafers in contact with éach other to the wafer
cassette 9 and store _them in the wafer cassette 9.

In step S121, it is determined whether contact

25 processing has been performed for all wafers stored in the

wafer cassettes 7 and 8. If wafers which have not been
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In the substrate support table, the chuck portion is preferably forned

by 1ithography.
portion is

In the substrate support table, the chuck portion is preferably forned

by wet -etching

In the substrate support table, the chuck
preferably fornmed by etching the silicon wafer. 20

the silicon wafer. In the substrate support

tabl e, the chuck portion preferably includes sealing portions for

vacuum chucki ng t he

in a space 25 defined by the seallngfgortions.
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processed yét remain, the flow returns to step S102 to repeat
the processing. If it is determined thét contact processing
has been performed for all wafers, the series of processing
operations are ended. At this time, the opérator is
preferably notified of the end of processing by an indication
on the display panel 16a or a buzzer sound.

As described above, accqrding to the wafer processing
apparatus 100, 1) since pressing is started in synchronism
with cancel of chucking of the upper wafer 2, the gas between
the wafers 1 and 2 can be properly removed outward, 2) since
the upper wafer 2 does not slide when the wafers 1 and 2 oppose
each other, the two wafers 1 and 2 can be properly positioned,
3) since the gap between the wafers 1 and 2 can be adjusted
to-an.appropriaté distance, the quality of the manufactured
wafer can be uniformed, and the wafers 1 and 2 need not be
classified in_advance, 4) the surfaces of the wafers 1 and
2 can be prevented from being contaminated by particles, 5)
damage to the peripheral portions of the wafers can be
prévented, and 6) gas entrapment between the wafers can be
decreased by vibrating the wafers during pressing.

In addition, according to the wafer processing
apparatus 100, only the peripheral portion 3d of the wafer
support table 3 comes into contact with the lower surface
of the first wafer 1. For this reason, even when particles
adhere to the central portion 3c of the wafer support table

3 or the central portion of the lower surface of the first

substrate and a suction hole for exhausting a gas
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In the substrate support table, preferably, the sealing
portions are doubled along inside a periphery of the substrate to be
supported, and the suction hole conmunicates wi th the space between

t he doubl ed seal i ng portions.

wafer 1, the first wafer can be supported in an almost flat
state. In other words, unevenness on the supported wafer 1
due to particles which may adhere to the central portion of
the wafer support table or the first wafer can be prevented.
5 Therefore, when the two wafers are brought into contact with
each other, gas entrapment between the wafers can be
effectively prevented.
[Second Embodiment]
In the second embodiment, the structure of the wafer
10 support table 3 of the wafer processing apparatus 100
according to the first embodiment is modified. The
arrangement of members other than the wafer support table
is the same as in the first embodiment. Fig. 12 is a
sectional view showing the structure of a wafer support table
15 3' according to the second embodiment. The wafer support
table 3' is particularly suitable to bring large-diameter
wafers into contact with each other.
The wafer support table 3' of the second embodiment has,
near its central portion, a deflection prevention portion
20 3f for preventing a wafer 1 from deflecting due to its weight
or pressing by a press pin 6a. That table portion where the
deflection prevention portion 3f comes in contact with the
first wafer 1 and that table portion where a peripheral
portion 3b comes in contact with the first wafer 1 are
25 preferably substantially positioned in the same plane. In

the example shown in Fig. 12, the portion where the
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In the substrate support table, the sealing portions 5 preferably project

to have a bank shape at the periphery. In the substrate support
tabl e, preferably, in chucking the substrate, only the sealing
portions are brought into contact with the substrate. ~ The
substrate support table preferably further 10 conprises a deflection
prevention portion for preventing the chucked substrate from

def | ecti ng. In the substrate support table, the deflection

prevention portion is,preferablg.forned between the sealing
deflection prevention portion 3f comes in contact with the

wafer has an annular shape. Another shape (e.g., a matrix
or needlepoint array) may be employed. The wafer support
table 3' can be manufactured by, e.g., lapping. -

5 The deflection prevention portion 3f is preferably
located near the center of the wafer support table 3'.
However, even when the deflection preveﬁtion portion 3f is
located at an arbitrary position in a central portion 3c,
the same effect as described above can be obtained.

10 As described above, when the deflection prevention
portion 3f is used, the first wafer 1 can be prevented from
deflecting, and the influence of particles can be reduced,
as in the first embodiment.

[Application Example of Wafer Processing Apparatus]

15 An application example of the wafer'processing
apparatus according to the first or second embodiment will
be described below. Figs. 13A to 13F are views showing steps
in manufacturing a wafer having, e.g., an SOI structure.

A single-crystalline Si wafer 501 for forming the first

20 wafer 1 is prepared. A porous Si layer 502 is formed on a
major surface of the single-crystalline Si wafer 501
(Fig. 13A). At least one non-porous layer 503 is formed on
the porous Si layer 502 (Fig. 13B). As the non-porous layer
503, a single-crystalline Si layer, a polycrystalline Si

25 layer, an amorphous Si layer, ametal layer, a semiconductor

compound layer, or a superconductor layer is suitable. A
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portions. 15
chucki ng

In the substrate support table, preferably, in

the substrate, only the sealing portions and the defl ection

prevention portion are brought into contact with the substrat e.

In the substrate support table, the surfaces of the 20 sealing portions
and the deflection prevention portion, ar ¢ _ :
substrate to be supported, are preferably positioned substantially in

t he sane pl ane. : In the substrate support table, the chuck

portion is
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dévice such as a MOSFET may be formed on the non-porous layer
503.

An SiO, layer 504 is formed on the non-porous layer 503
to obtain a first wafer 1 (Fig. 13C). The first wafer 1 with
the SiO, layer 504 facing up is stored in a wafer cassette
7.

A second wafer 2 is prepared. The second wafer 2 with
its surface facing up is stored in a wafer cassette 8.

The wafer shown in Fig. 13Cl may be stored in the wafer
cassette 8 as the second wafer while another wafer may be
stored in the wafer cassette 7 as the first wafer. In this
case, the wafer shown in Fig. 13C is transferred to the wafer
suppbrt table 3, and another wafer is transferred to a wafer
moving mechanism 4.

In this state, the wafer processing apparatus is
operated. The first wafer 1 and the second wafer 2 come into
contact with each other while sandwiching the SiQ, layer 504
(Fig. 13D), and stored in a wafer cassette 9.

The wafers in contact with each other (Fig. 13D) may
be subj écted to anode bonding, pressing, or heat treatment,
as needed, or these processing operations may be combined
to firmly bond the wafers.

As the second wafer 2, an Si wafer, an Si wafer with
an SiO, layer formed thereon, a transparent wafer consisting
of silica glass, or a sapphire wafer is suitably used.

However, any other wafer.can be used as the second wafer 2

which are in contact with the
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preferably | ocated at a position where a peripheral portion 25 of the

substrate to be supported can be chucked. In the substrate
support table, preferably, a pin hole _ _ :
-12 - t hrough which a load pin for vertically noving the substrate

as far as it has a sufficiently flat surface to be bonded.

Next, the first wafer 1 is removed from the second wafer
2 to expose the porous Si layer 502 (Fig. 13E). The porous
Si layer 502 is selectively etched and removed. Fig. 13F

5 schematically shows the wafer obtained by the above
manufacturing method.

According to this manufa.cturing method, the two wafers
are brought into contact with each other while appropriately
removing any gas between the wafers, so a high-quality wafer

10 can be maﬁufactured.

According to the present invention, substrates can be
brought into contact with each other at high quality without
leéving any gas entrapped.

[Third Embodiment]

15 Fig. 16 is aplan view showing the arrangement of a wafer
(substrate) support table 31 according to the third
embodiment of the present invention.

The wafer support table 31 can be manufactured by
fabricating a generally commercially available silicon wafer,

20 e.g., a silicon wafer for manufacturing a semiconductor
device complying with the SEMI standard or JAIDA standard.
A wafer used to manufacture a semiconductor device has high
surface planarity. For this reason, when the surface is used
as a chuck surface for chucking a wafer to be supported, a

25 Thigh-precision wafer support table can be easily

manufactured. Hence, awafer support table excellent in mass
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to be supported on the substrate support table is inserted ext ends

through the main body. The silicon wafer preferably conplies wth
the SEM 5 standard or the JAlI DA standard. According to the
present-invention, there is provided a substrate processing appar atus

for overlaying two

wi th each

substrates and bringing the substrates into contact

ot her, characterized by conprising an attachnent/det achnment

10 nmechani smfor attaching/ detaching the substrate support tabl e,
pressi ng neans for pressing a second substrate

10

15

20

25

productivity and cost can be obtained.

For example, the general 1ithography technique can be
employed to fabricate the silicon wafer. Sincea pattern can
be formed at an accuracy of, e.g., submicron order,
lithography is applicable to manufacture the wafer support
table according ﬁo the third embodiment.

The wafer support table 31 has two bank-shaped sealing
portions 3la and 31b and a suction port 31d. The gas in the
space defined by the two sealing portions 3la and 31b and
the wafer to be chucked and supported is exhausted through
the suction port 31d, thereby chucking the wafer.

On the wafer support table 31, a number of pin-shaped
deflection prevention pbrtions 31lc is formed between the
sealing portions 3la and 31b to prevent the chucked wafer
from deflecting upon reducing the pressure between the two
sealing portions 3la and 31b. In this embodiment, the
deflection prevention portions 31lc are formed only between
the sealing portions 3la and 31b. However, the deflection
prevention portions 31lc may be formed at the central portion.

As the surfaces of the sealing portions 31a and 31b and
the deflection prevention portions 31c which come in contact
with the object to be chucked, the surface of the silicon
wafer as thematerial of the wafer support table 31 is directly
used.

The wafer support table 31 has pin holes 3le in which

load pins (to be described later) used to load/unload the
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toward a first substrate supported by the attached substrate support

table, the second-subst+ate—opposing the first substrate. 15

In the subst rat e es ﬁgedappgr atus, the pressing means preferably
presses the e substantlally at a central portion

t her eof . ny, t he substrate processing apparatus further
conpri ses su ation neans for canceling support 20 of the

second substrate after the second substrate is supported to oppose the
first substrate supported by the.

wafer to be chucked are inserted.

Fig. 17 is a sectional view showing part of the wafer
support table 31 shown in Fig. 16. A height h of the sealing
portions 3la and 31b and the deflection prevention portions

5 31lc ispreferably about 50 pm. Widths d4 and d1 of the sealing
portions 31la and 31b are preferably made small to some extent
to prevent particles from being sandwiched by the sealing
portions 3la and 31b and the wafer to be chucked, and the
widths are preferably, e.g., approximately 0.2 mm. From the

10 same viewpoint, the diameter of the deflection prevention
portions 31c is preferably.made small to some extent, and
the diameter is preferably, e.g., about 0.2 mm.
Fig. 18 is a sectional view showing the arrangement of
a wafer support apparatus 3 including the wafer support table
15 31 shown in Fig. 16. This wafer support apparatus 3 is
constructed by vacuum-chucking the wafer support table 31
on a base 32.
' The base 32 has an annular groove 32a for
vacuum-chucking the wafer support table 31, and a suction
20 hole 32b for exhausting the gas in the groove 32a. The wafer
support table 31 is chucked by reducing the pressure in the
groove 32a. The suction hole 32b is connected to a vacuum
pump 20 through a pipe 118a having a valve 119a midway.
The base 32 also has a suction hole 32c¢ for coupling
25 the suction port 31d communicating with the lower surface

of the wafer support table 31 to the vacuum pump 20 through
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substrate support table, and the pressing neans presses the second

substrate in synchronismwth cancel of support of —the second.

substrate by the substrate nani pul ati on neans. In the substrate

processi ng apparatus, preferably, the substr at RReplaced
substantial ly horizontally supports l l " ""
This is the replacenent sheet

a pipe 118b having a valve 119b midway.

When the wafer support table 31 is to be mounted on the
base 32, the valve 11%9a is opened. When t_he wafer 1 to be
processed is to be mounted on the wafer support table 31,

5 the wvalve 119b is opened.

The base 32 also has pin holes 324 in which the load
pins used to load/unload the wafer 1 on/from the wafer support
table 31 are inserted.

The wafer support table 31 is preferably regularly

10 cleaned to remove particles which may adhere to the chuck
surface of the wafer 1. As described above, when the wafer
support table 31 is manufactured by fabricating the silicon

wafer used to manufacture a semiconductor device, a

commercially available wafer carrier can be used for cleaning.

15 In this case, the wafer support table 31 can be accommodated
in the commercially available wafer carrier and cleaned using
a general wafer cleaning apparatus.

Steps in manufacturing the wafer support table 31 will

be described below. Figs. 19A to 19N are views showing steps
20 in -manufacturing the wafer support table‘31 by applying ﬁhe
general lithography technique.

An Si wafer 20la for manufacturing a semiconductor
device is prepared. As shown in Fig. 19A, a film 202a for
forming a mask pattern which is to be used in etching the

25 si wafer 20la later is formed on the upper, lower, and side

surfaces of the Si wafer 201la. As the material of the film

- 39 -

Tl



-13 - the first substrate, and the substrate mani pul ati on neans

substantially horizontally supports the second substrate

above t he

first substrate and then cancel s support of the second substrate.
The above substrate support table and the substrate processi ng
apparatus are suitable to manufacture, e.g., an SO substrate.
According to the present invention there is provided

10

15

20

25

202a, S.iO2 by thermal oxidation or Si,N, by CVD is preferably
used.

Next, as shown in Fig. 19B, a photoresist film 203a is
formed on the wafer shown in Fig. 19A. -

The photoresist film 203a is irradiated with UV light
through a photomask (first mask) for forming the sealing
portions 3l1la and 31b and the deflection prevention portions
31lc, therebyprinting amask patterh. By developing the mask
pattern, a patterned photoresist film 203b is formed, as
shown in Fig. 19C. Since the fabrication accuracy in the
planar direction canbe lower than that required for a general
semiconductor device, an exposure apparatus with low
accuracy can be used to print the mask pattern.

As shown in Fig. 19D, the film 202a is dry-etched using
the photoresist film 203b as a mask, thereby exposing the
Si wafer 20la. With this process, a patterned film 202b is
formed on the Si wafer 20la. Next, as shown in Fig. 9E, the
patterned photoresist film 203b is removed.

As shown in Fig. 19F, ﬁhe wafer shown in Fig. 19E is
etched. As this etching, wet etching using an alkali
solution as an etchant is preferable. As the alkali solution,
a solution of ammonia, or an organic ammonia-based solution
can be used. For example, to form sealing portions 31la and
31b and a deflection prevention portions 31lc having a height
h of 50 um, as shown in Fig. 18, the wafer 20la is etched

to a depth of 50 um.

5
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a substrate processing nethod of overlaying two substrates 10 and
bringing the substrates into contact with each ot her, characteri zed by
conprising the steps of causing any one of t he above substrate support
tables to support a first substrate, opposing a second substrate to
the first substrate supported by the substrate support table, and
overlaying the 15 first substrate and the second substrate and bringing

t he substrates into contact with each other. According to
the present invention, there is also provi ded a substrate processing
met hod of overl ayi n@stsioown in Fig. 19G, the patterned £ilm 202b is removed

using hydrofiuoric acid. With thisprocess, an Si wafer 201b
having sealing portions 3la and 31b and the deflection
prevention portions 31lc is formed. -

5 Subsequently, as shown in Fig. 19H, a film 204a for
forming a mask pattern which is to be used in etching the
Si wafer 201b later is formed on the upper, lower, and side
surfaces of the Si wafer 201b having the sealing portions
3la and 31b and the deflection prevention portions 31lc. As

10 the material of the film 204a, SiO, by thermal oxidation or
Si,N, by CVD is preferably used.

A photoresist film 205a is formed on the lower surface
of the wafer shown in Fig. 19I (surface on the opposite side
of the surface having the sealing portions 3la and 31b and

15 the deflection prevention portions 31lc).

The photoresist film 205a is irradiated with UV light
through a photomask (second mask) for forming a suction port
31d and pin holes 3le, thereby printing the mask pattern.
By developing the mask pattern, a ];Shotoresist film 205b

20 having a hole 211 for forming a suction port 31d and holes
212 for forming pin holes 31le are formed, as shown in Fig. 19J.

As shown in Fig. 19K, the film 204a is dry-etched using
the.photoresist film 205b as a mask, thereby exposing the
Si wafer 201b. With this process, a patterned photoresist

25 £film204b is formed on the Si wafer 201b. As shown in Fig. 19L,

the patterned photoresist film 204b is removed.
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substrates and bringing the substrates into contact with each 20 other,
characterized by conprising the steps of transferring first and second
substrates to any one of the above substrate processi ng appar at uses,
overlaying the first and second substrates and bringing the substrates
Into contact with each ot her by the substrate processing appar at us,
and receiving 25 the substrates in contact wwth each other fromthe

substrate processi ng appar at us.

As shown in Fig. 19M, the wafer showﬁ in Fig. 19L is
etched until a suction port 31d and pin holes 31le are formed.
As this etching, wet etching using an alkali solution as an
etchant is preferable. As the alkali solution, a solution

5 of ammonia, or an organic ammonia-based solution can be used.

Finally, as shown in Fig. 19N, the patterned
photoresist f£ilm 204b is removed using hydrofluoric acid,
thus completing the wafer support table 31.

In the resultant wafer support table 31, the surface

10 of the wafer 20la as the material directly serves as the
sealing portions 3la and 31b and the deflection prevention
portions 31lc. Consequently, when the wafer support table 31
is manufactured using the wafer 20la having sufficient
surface planarity, the surface need not be processed after

15 the photoresist film 203a is removed.

As described above, the wafer support table 31 according
to this embodiment can be easily manufactured at low cost.
For example, when particles adhere_to the wafer support table
31, and the particles can hardly be removed by cleaning, the

20 wafer support table can be exchanged with another wafer
support table 31 at low cost.

The above wafer support apparatus 3 is suitably used
to support one of two waferé to be overlaid and brought into
contact with each other. An apparatus andmethod of bringing

25 first and second wafers into contact with each other by

pressing the lower surface of the second wafer while the first
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-14- According to the present invention, there is also
provi ded a method—of—manufacturi ng an SO substrate, characteri zed by
conpri si ng th@esiiiRent{epldeaparti ng first and second substrat es,

bringing th ' ond substrates 5 into contact with each other
by any one ﬂ'“l‘h“mﬂmmpbstrate processing nethods to prepare-a
Substrate h I n '

wafer is supported by the wafer support apparatus 3 to oppose

the second wafer will be described below. These apparatus

and method are suitably used to practice the method of bonding

two wafers to manufacture a wafer having, é.g; , an soi

5 structure.

Fig. 20 is a view showing a state wherein two wafers
are brought into contacc with each other using the wafer
support apparatus 3. To bring the two wafers into contact
with each other, the first wafer 1 is chucked on the wafer

10 support table 31, and then, the second wafer 2 is set to oppose
the first wafer 1. In this state, the lower surface of the
second wafer 2 is pressed near its central portion by a press
pin 6a. First, the wafers 1 and 2 come into contact at the
central portion first. The contact portion gradually

15 expands outward, and finally, the entire surfaces of the
wafers 1 and 2 are completely in contact with each other.
According to this method, the two wafers can be brought into
contact with each other without leaving any gas between the
two wafers 1 and 2.

20 When t1_1e wafer support table 3 is to be applied to bring
two wafers into contact with each other, the chuck portion
of the wafer support table 3, which is made up of the sealing
portions 3l1la and 31b, is preferably brought into contact only
with the peripheral portion (and more preferably, the

25 outermost portion) of the first wafer 1. The chuck portion

is preferably annular. As described above, the wafer support
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which a single-crystalline Si |layer and an insul ati nm’\ —_ are
stacked, and separating the substrates which are in usSheetH& ct wi t heach

other at a po-rtion other than a contact 10 interf eéne'mf
the separated substrates as the substrate havi MIJ
single-crystalline Si |ayer on the insulating la _
According to the present invention, there is also provi ded a cleanlng
nmet hod characterized by conprising 15 cleaning the substrate support

tabl e whil e accommodating the above substrate support table in a wafer

cassette for stabieg3 preferably has the deflection prevention portions
31lc. ' The deflection prevention portions 31c are preferably
formed between the'sealing portions 3la and 31b. When the
wafer support table 3 comes into contact only with the lower
5 surface of the first wafer, the surface of the first wafer -
1 can be prevented from being contaminated by particles. In
addition, damage to the edge portion of the first wafer 1

can be prevented. Furthermore, when the wafer support table

3 comes into contact only with the peripheral portion as part

10 of the lower.surface of the first wafer, unevenness on the
first wafer 1 supported on the wafer support table 3 due to
particles which may adhere to the wafer support table 3 or

the lower surface of the first wafer 1 can be prevented.
A wafer processing apparaﬁus incorporating the wafer
15 support apparatus 3 will be described next.

Fig. 21 is a perspective view schematically showing the
overall arrangement of the wafer processing apparatus
according to the third embodiment. Fig. 22 is an enlarged
view of part of Fig. 21. Figs. 23 to 27 are sectional views

20 of a wafer processing apparatus 1000 shown in Figs. 21 and
22 taken along a line A - A'. Figs. 23 to 27 show the
operation of bringing two wafers into contact.

This wafer processing apparatus 1000 continuously
overlays and contacts two wafers, and is conveniently used

25 to practice the method of bonding two wafers to manufacture

a wafer having, e.g., and SOI structure.
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a wafer for manufacturing a sem conductor device. According to

the present invention, there is also __ provided a nmethod of handling the
waf er processing apparatus, 20 characterized by conprising the steps of
det aching the substrat e sis{Shet HastBadaReplhde® M trhe waf er processing

appar at us, cl eani ng the sﬁmgmgwjﬂﬂmrt tabl e whil e accommodati ng
t he det ached substrate su a wafer cassette for
storing a wafer for manufacturing uctor device, 25 and _
attaching the cleaned substrate support table in the waf er processing
appar at us. The wafer processing apparatus 1000 has the wafer
support apparatus 3 for supporting the first wafer 1
(Fig. 20) from its lower surface, and a wafer moving
mechanism 4 for chucking the second wafer 2 (Fig. 20) from
5 its 1owér_surface and making the second wafer 2 oppose almost
parallel to the first wafer 1.
As described above, the wafer support apparatus 3 is
built by mounting the wafer support table 31. on the base 32
and opening the valve 119a to chuck the wafer support table
10 31 on the base 32.
The wafer moving mechanism 4 preferably comes into
contact only with the lower .surface of the second wafer 2.
In this embodiment, the wafer moving mechanism 4 has a groove
4a for vacuum-chucking the wafer. To chuck the second wafer
15 2, the pressure in the groove 4a is reduced. With the lower
.surface of the secbnd wafer 2 chucked by a wafer chuck portion
4c, the wafer moving mechanism 4 pivots about a shaft 4b
through about 180° to make the second wafer 2 oppose almost
parallel to the first wafer 1. The shaft 4b is located near
20 the middle position between the wafer support apparatus 3
and the wafer chuck portion 4c.
The wafer proceséing apparatus 1000 also has, as a
mechanism for adjusting the gap between the two wafers 1 and
2 facing each other, a displacement detection section 15 for

25 measuring the thickness of the first wafer 1 mounted on the

wafer support apparatus 3, a displacement detection section
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provi ded anet hod of manufacturing a substrate support table;

According to the present invention, there is al so

characterized by conprising the steps of formng an S|02 film
cover an entire silicon wafer, formng a first photo I st ThlssheetfHaIs

p
Surface ol the &2 {11 pat et The 11751 HIIIIIHIIIHIHI
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12 for measuring the thickness of the second wafer 2 chucked
by the wafer chuck portion 4c, and a Z-axis stage 5 (Fig. 23)
for vertically moving the wafer support apparatus 3 on the
basis of the measurement results from the displacement
detection sections 12 and 15 ﬁo adjust the gap between the
wafers 1 and 2 to a set wvalue.

The wafer processing apparatus 1000 also has a press
mechanism 6 for pressing the upper wafer 2 near its central
portion while the two wafers 1 and 2 are supported to be
opposite to each other. Apress pin 6a of the press mechanism
6 pivots about a shaft 6b to be close to thé lower surface
of thé upper wafer 2 after the twowafers 1 and 2 are supported
to be opposite to each other. When the wafer chuck portion
4c of the wafer moving mechanism 4 cancels chucking of the
upper wafer 2, the press mechanism 6 presses the upper wafer
2 by pressing the press pin 6a against the lower surface of
the wafer 2. The two wafers 1 and 2 gradually come into
contact with each other outward from the pressed portion,
and accordingly, the gas between the wafers 1 and 2 is expelled
outward. As a consequence, no gas remains entrapped between
the wafers 1 and 2.

The wafer 2 is preferably pressed by the press pin 6a
almost simultaneously with cancel of chucking of the wafer
2 by the wafer chuck porti.on 4c. In this case, pressing can
be started while maintaining the gap between the two wafers

1 and 2, which is adjusted to the set value. This uniforms
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photoresist filmto expose the SiQ2 filmat a portion where seal i ng
portions for vacuum chucking are to be formed, —————=etehing the SIQ2 film

at the exposed portion to expose the |I|con waf er, renoving the
remai ning first photoresist film Rmaswﬂwafer at the
exposed portion to a predetermnedd n S filmto
cover the. entire silicon wafer, for hotoresi st filmon

t he ot her surface of the Sio2 fil m patternl ng the second phot or esi st
filmto expose the SiJerr] filmat a portion where a suction hole 15 for
vacuum chucki nghe sqiail ibey bdir tieel wadechobtaihed Sipeingifdg lthe two wafers
into contact. Inaddition, gas entrapment between the wafers
1 and 2 can be more effectively prevented. Furthermore,
shift of the wafers 1 and 2 can be prevented. -
5 The press mechanism 6 incorporates a vibrator (e.g.,
a piezoelectric element) for vibrating the press pin 6a. By
vibrating the press pin 6a which is pressing the wafer 2,
the gas between the wafers 1 and 2 can be efficiently removed.
Pressing the wafer 2 by the press pin 6a may be
10 controlled at another timing. For example, pressing may be
performed at a predetermined timing before a predetermined
amount of gas between the wafers 1 and 2 is removed after
chucking of thewafer 2 is canceled, at a timing upon counting
a predetermined time after chuck of the wafer 2 is canceled,
15 or at a predetermined timing after chucking of the wafer 2
is canceled and before the distance between the wafers 1 and
2 becomes a predetermined distance or less due to the weight
of the wafer 2.
The wafer processing apparatus 1000 also has a wafer
20 transfér robot 10 for setting the wafers 1 and 2 on the wafer
support apparatus 3 and the wafer chuck portion 4c,
respectively, and receiving the wafers in contact with each
other from the wafer support apparatus 3, and a wafer
alignment section 11.
25 In this wafer processing apparatus 1000, before the

start of wafer contact processing, wafer cassettes 7 and 8
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at the exposed portion to expowﬂwp removi ng the
remai ni ng second photoresist film etching the siTicon waf er at the
exposed portion to formthe sucﬂh@ﬂhebmaegeen tendl ng through the
silicon wafer, and rermwngthe gerr] film

According to the pr esent invent| m,’H”,n”m provi ded a met hod of
manuf acturing a substrate support har acterized by conprising
the steps of formng a first film to cover an entire silicon wafer,

formng a first photoresist 25 filmon one surface of the first film
patterning thestbrihg unprocessed wafers 1 and 2, and a wafer cassette 9

for storing processed wafers are set a_t predetermined

positions. In this embodiment, unprocessed wafers 1 and 2

are stored in the wafer cassettes. 7 and 8, respectively, while
5 facing the lower surfaces down.

When the start of wafér contact processing is instructed
with an operation switch 16b on a control panel 16, the wafer
transfer robot 10 chucks the lower surface of an unprocessed
wafer 1 stored in the wafer cassette 7, and transfers the

10 wafer 1 to the wafer alignment section 11. The wafer
alignment section 11 detects the central position and
direction (e.g., the orientation flat or notch position) of
the transferred wafer 1 using a sensor and adjusts the central
position and direction. The wafer alignment section 11

15 preferably comes contact with only the lower surface of the
wafer 1.

After this, the wafer transfer robot 10 receives the
aligned wafer 1 and sets it at a predetermined position on
load pins 13 which project from the wafer support apparatus

20 3 through the pin holes 3le and 32d. After the wafer 1 is
mounted on the load pins 13, the wafer support apparatus 3
moves upward, so the wafer 1 is supported by the wafer support
apparatus 3. Since the wafer 1 has already been aligned by
the wafer alignment section 11 and transferred to the wafer

25 support apparatus 3 while maintaining its positional

relationship, the central position and direction of the wafer
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photoresist filmto expos e first filmat a portion where

This is the replacenent sheet

seal i ng poxrj
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il

i OS: Ha9Beck Redlddd chucking are to be forned,

[

1 need not be adjusted again on the wafer support apparatus

3. However, alignment of the wafer 1 may be performed on the
wafer support apparatus 3.

Next, the wafer transfer robot 10 extracts an
unprocessed wafer 2 from the wafer cassette 8. With the same
procedures as described above, the wafer alignment section
11 adjusts the central position and direction of the wafer
2, and then, the wafer 2 is set at a predetermined position
on load pins 14 which project from the wafer chuck portion
4c of the wafer moving mechanism 4. After the wafer 2 is
mounted on the load pins 14, the wafer chuck portion 4c pivots
about the shaft 4b until the wafer chuck portion 4c contacts
the lower surface of the wafer 2. The pressure in the groove
4a is reduced, so the wafer 2 is chucked by the wafer chuck
portion 4c. As described above, since the wafer 2 has already
been aligned by the wafer alignment section 11 and chucked
by the wafer chuck portion 4c while maintaining its
positional relationship, the central position and direction
of the wafer 2 need not be adjusted again in chucking. In
chucking the wafer 2, the load pins 14 may be retracted
downward instead of pivoting the wafer chuck portion .4c.

While the wafers 1 and 2 are being supported by the wafer
support apparatus 3 and the wafer chuck portion 4c,
respectively, the displacement detect;ion sections 15 and 12
measure the thicknesses of the wafers 1 and 2. More

specifically, the displacement detection sections 15 and 12
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etching the first filmat the exposed portlon to expose the. SI|IC
waf er, renoving the remaining first photoresist film et chi ne ng the —
S|I|con waf er at the exposed portion to a 5 predeterm neﬂlsdl%at}f},s fo

a second filmto cover the entire silicon wafer, form ee
photoresist filmon the other surface of the second f|

the second photoresist filmto expose the second fil m

wher e a suction hole for vacuum chucking is to be forned, etchl ng
the second filmat the exposed portion to expose the silicon waf e

renovi ng the rmoeensensassditc phdt Ragilsisel tbnthe upper portions of the

10
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20

25

wafers 1 and 2, irradiate the wafers 1 and 2 with light, and
measure the thicknesses of the wafers 1 and 2 on the basis
of the reflected light, respectively.

When measurement of the thicknesses of the wafers 1 and
2 is ended, the wafer chuck portion 4c pivots about the shaft
4b through about 180° to make the wafer 2 oppose and almost
parallel to the wafer 1, as described above. After this, the
gap between the wafers 1 and 2 is adjusted by the Z-axis stage
5, and the wafer 2 is pressed by the press pin 6a, thus
completing contact processing.

When contact processing is ended, the wafer support
apparatus 3 is moved downward by the Z-axis stage 5, and the
processed wafers are supported by the load pins 13. After
this, the wafer transfer robot 10 receives the processed
wafers and stores them in the wafer cassette 9. |

By repeatedly executing the above procedure, a
plurality of wafers stored in the wafer cassettes 7 and 8
can be continuously processed.

The operation of the wafer processing apparatus 1000
in bringing two wafers into contact will be described next
with reference to Figs. 23 to 27.

When the wafers 1 and 2 are mounted on the load pins
13 and 14 by the wafer transfer robot 10, respectively, the
Z-axls stage 5 moves the wafer support apparatus 3 upward

to a predetermined position at which the wafer 1 is supported,
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etching the silicon wafer at the exposed portion to formthe suction
hol e extendi ng through the silicon wafer, and renovi ng the renmai ning
second film 15 Further object, feaiys s aRcse ptages of the

pr esent i nvention will becone apparent f 105 ng detail ed '
description of enbodi nents of the present in*mm ImM reference to
t he acconpanyi ng draw ngs. 20 PTI ON OF THE
DRAW NGS Fig. 1 is a perspective view schematically show ng the

and the wafer moving mechanism 4 pivots the wafer chuck
portion 4c about the shaft 4b to a predetermined position
at Which the wafer 2 can be chucked, as showh in Fig. 23.
| Next, as shown in Fig. 24, the sensors 15a and 12a of

5 the displacement detection sections 15 and 12 move onto the
wafers 1 and 2 to measure the thicknesses of the wafers 1
and 2, respectively. After the thicknesses of the wafers 1
and 2 are measured, the sensors 1l5a and l2a return to the
initial positions shown in Fig. 23.

10 As shown inFig. 25, the wafer moving mechanism 4 pivots
the wafer chuck portion 4c about the shaft 4b through
approximately 180° to make the wafers 1 and 2 opposite to each
other almost in the horizontal direction. The height of the
wafer support apparatus 3 is adjusted by the Z-axis stage

15 5 on the basis of the measured thicknesses of the wafers 1
and 2 to set the gap between the wafers 1 and 2 at a set value.
The gap is preferably 20 to 100 pm at the central portion
of the wafers and, more preferably, 30 to 60 pm. The wafer
processing apparatus 1000 opens the valve 119b so that the

20 peripheral portion of the lower surface of the wafer 1 is
chucked by the chuck surface of the peripheral portion 3d
of the wafer support apparatus 3. With this operation, the
wafer 1 is corrected to be almost flat.

As shown in Fig. 26, the press pin 6a is pivoted about

25 the shaft 6b to be close to the lower surface of the wafer

2 (e.g., aposition at which the press pin 6a is substantially
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overal | arrangenent of a wafer processing apparatus according to a
preferred enbodi nent of the present Tnvention, Fig. 2 is an

enl arged view of part of Fig. 1; ﬂgs%eetHasBe Eﬁ . |_s a sectional view

showi ng the arrangenent of
processi ng appar at us ”' ”Iﬂ

10

15

20

25

ction of the wafer
- 17 -

in contact with the lower surface of the wafer 2).

Subsequently, as shown in Fig. 27, the lower surface
of the wafer 2 is pressed by the press pin 6a when chucking
of the wafer 2 by the wafer chuck portion 4c is canceled.
The wafers 1 and 2 gradually come into contact with each other
outward from the central portion, and finally, the entire
surfaces are in contact with each other.

After the press mechanism 6 is returned to the initial
state (state shown in Fig. 23), the wafer chuck portion 4c
is returned to the initial state (state shown in Fig. 23).
The valve 119b is closed to set the interior of the chuck
groove 3a to the atmospheric pressure (chucking of the wafer

1 is canceled), and then, the wafer support apparatus 3 is

moved downward, so that the wafers in contact with each other

are supported by the load pins 13. In this state, the wafer
transfer robot 10 chucks the lower surface of the wafers in
contact with each other, transfers them to the wafer cassette
9, and stores them in the wafer cassette 9.

Fig. 28 is a block diagram showing the arrangement of
the control system of the wafer processing apparatus 1000.
A control section 17 controls the wafer transfer robot 10,
the wafer alignment section 11, the displacement detection
sections 12 and 15, the Z-axis stage 5, the wafer moving
mechanism 4, the press mechanism 6, the panel section 16,
and a valve control section 119 by a CPU 17a which operates

on the basis of a program 17b.

- 52 -



shown in Figs. 1 and 2; Fig. 4 is a viewshowng a state wherein
two wafers are brought into contact on the wafer support section shown

i n Fig. 3; SheetHasﬂ:ﬁﬁévlaédto 9 are sectional views of the wafer

processing In Figs. 1 and 2 taken along a line A - A
Fig. 10 is a bl ock ﬂkﬂ%
system of the vvafe paratus; Fig. 11 is a flow

g the arrangenent of the control
chart show ng the control procedur e

The valve control section 119 has a first valve driving
section 119¢ for controlling switching of the valve 119a and
a second valve driving section 119d for controlling switching
of the valve 119b. The first and second valve driving
5 sections 119c and 119d are controlled by the controll'section
17. Attachment/detachment of the wafer support table 31,
i.e., switching of the valve 119a is controlled on the basis
of the operation of the operation switch 16b of the panel
16.

10 Fig. 29 is a flow chart showing the control procédure
based on the program 17b. The operation of the control system
of the wafer processing apparatus 1000 will be described with
reference to the flow chart.

When the start of contact procéssing is instructed by

15 operating the operation switch 16b, constituent elements
connected to the control section 17 are initialized in step
S$1101. In this initialization step, the presence and
positions of thewafer cassettes 7, 8, and 9 are also confirmed.
If preparation is not complete, this is indicated on a display

20 panel 16a to warn the operator.

In step S1102, a wafer 1 stored in the wafer cassette
7 is chucked by controlliing the wafer transfer robot 10. 1In
step 51103, the chucked wafer 1 is transferred to the wafer
alignment section 11 and positioned (central position and

25 direction).. In step S1104, the wafer 1 is set at a

predetermined position on the load pins 13 projecting from
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10 based on a program Fig. 12 is a sectional view show ng the
structure—ef——a waf er support table according to the second ermbodi nent

Figs. 13A to 13F are iﬁxg% showi ng steps in manufacturing a wafer
havi ng, e: s Sheet fla cture; 15 Figs.. 14A and 14B are schematic
vi ews show m bondi ng waf ers; Fig. 15 is a view
showi ng an ig for overlaying two wafers while
positioning them Fig. 16 is a plan view show ng the arrangenent

of a wafer :
the wafer support apparatus 3 by controlling the wafer

transfer robot 10. The wafer support 'apparatus 3 is moved
upward to a predetermined position by controlling the Z-axis
stage 5. - -

5 In step S1105, a wafer 2 stqred in the wafer cassette
8 is chucked by controlling the wafer transfer robot 10. In
step S1106, the wafer 2 is transferred to the wafer alignment
sectiop 11 and aligned (central position and direction). In
step S1107, the wafer 2 is set at a predetermined position

10 on the load pins 14 projecting from the wafer chuck portion
4c by controlling the wafer transfer robot 10. The wafer
chuck portion 4c is pivoted about the shaft 4b through a
predetermined angle by controlling a pivoting motor 44 of
the wafer moving mechanism 4, so the wafer 2 is chucked by

15 the wafer chuck portion 4c.

In step S1108, the sensor 15a is moved to a predetermined
positi;on on the wafer 1 by controlling a driving section 15b
of the displacement detection section 15, so the thickness
of the wafer 1 is measured by the sensor 15a.

20 In step S1109, the sensor 12a is moved to a predetermined
position on the wafer 2 by controlling a driving section 12b
of the displacement detection section 12, so the thickness
of the wafer 2 is measured by the sensor 12a.

In step S1110, the wafer chuck portion 4c is pivoted

25 about the shaft 4b through about 180° by controlling the

pivoting motor 4d of the wafer moving mechanism 4 to make
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20 support table according to the third enbodi nent of the present
I nventi on; Fig. 17 is a sectional view of part of the wafer
support table shown in Fig. 16; Fig. 18 i sThis SieeHaOBRh RMIL

show ng the arrangenent of 25 a wafer support apparatus
waf er support table shown in Fig. 16;

the wafers 1 and 2 opposite to each other almost in the
horizontal direction. -

In step S1111, data for adjusting the gap between the
wafers 1 and 2 to a set value is prepared on the basis of

5 the measurement result of the thicknesses of the wafers 1
and 2. The Z-axis stage 5 is controlled on the basis of the
data to adjust the gap between the wafers 1 and 2.

In step Slllz, the second valve driving section 1194
opens the valve 119b, so the first wafer 1 is chucked by the

10 wafer support table 31.

In step S1113, the press pin 6a is pivoted about the
shaft éb by controlling a pivoting motor 6d of the press
mechanism 6 until the distal end portion of the press pin
6a roughly contacts the lower surface qf the wafer 2.

15 In step S1114, chucking of the wafer 2 by the wafer chuck
portion 4c is canceled. .In step S1115, the pivoting motor
6d and a vibrator 6c of the press mechanism 6 are controlled
to'press the press pin 6a against the lower surface of the
wafer 2 and siﬁultaneously vibrate the press pin 6a. When

20 step S1115 is executed immediately after step S1114, cancel
of chucking of the wafer 2 and pressing can be performed almost
simultaneously. Pressing may be started after step S1114,
e.g., after a predetermined time is counted.

When the wafers 1 and 2 are completely in contact with

25 each other, the pivoting motor 6d of the press mechanism 6

is controlled to return the press pin 6a to the initial
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-18 - Figs. 19A to 19N are views_showi ng steps in _
manuf acturing the wafer support table; Fig. 20 is a view show ng
a state wherein two wafers ar e br oughtThisiSheot 2 Beed®eeplated Ng t he waf er

support appar at us; 5 Fig. 21 is a per schematical ly
show ng t he overal | arrangenent of a appar at us;

Fig. 22 is an enlarged view of part of Fig. 21

position in step S1116. In step S1117, the pivoting motor
4d of the wafer moving mechanism 4 is controlled to return
the wafer chuck portion 4c to the initial position.

In step S1118, the valve 119b is closed to return the

5 1interior of the chuck grooves 3a and 3b to the atmospheric
pressure, thereby canceling chucking of thewafer 1. Instep
81119, the Z-axis stage 5 is controlled to move the wafer
support apparatus 3 downward to the initial state. With this
operation, the wafers in contact with each other are

10 supported by the load pins 13.

In step S1120, the wafer transfer robot 10 is controlled
to transfer the wafers in contact with each other to the wafer
cassette 9 and store them in the wafer cassette 9.

In step S1121, it is determined whether contact

15 processing has been performed for all wafers stored in the
wafer cassettes 7 and 8. If wafers which have not been
processed yet remain, the flow returns to step S1102 to repeat
the processing. If it is determined that contact processing
has been performed for all wafers, the series of processing

20 operations are ended. At this time, the operator is
preferably notified of the end of processing by an indication
on the display panel l1l6a or a buzzer sound.

As described above, according to the wafer processing
apparatus 1000, 1) since pressing is started in synchronism

25 with cancel of chucking of the uppér wafer 2, the gas between

the wafers 1 and 2 can be properly removed outward, 2) since
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Figs. 23 to 27 are sectional views of The—waf—elL\pLocesm ng appar at us

shown in Figs. 21 and 22 taken along 1 IlHne A- A Fig. 28

is a block diagram showi ng the arrangene gﬁ asB‘*"“R?pllaeedcontroI syst em of
b

t he waf er processing apparatus; and mﬁwﬂpmmll s a flow chart

showi ng the control procedure of
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Pr eferred
enbodi mrents of the present invention will be

the upper wafer 2 does not slide when the wafers 1 and 2 oppose
each other, the two wafers 1 and 2 can be properly positioned,
3) since the gap between the wafers 1 and 2 can be adjusted
to an appropriate distance, the quality of the manufactured
5 wafer can be uniformed, and the wafers 1 and 2 need not be
classified in advance, 4) the surfaces of the wafers 1 and
2 can be prevented from being contaminated by particles, 5)
damage to the peripheral portions of the wafers can be
prevented, and 6) gas entrapment between the wafers can be
10 decreased by vibrating the wafers during pressing.

In addition, according to the wafer processing
apparatus 1000, only the sealing portions 3la and 31b and
the deflection prevention portions 31lc of the wafer support
table 31 come into contact with the lower surface of the first

15 wafer 1. For this reason, even when particles adhere to the
central portion of the wafer support apparatus 3 or the
central portion of the lower surface of the first wafer 1,
the first wafer can be supported in an almost flat state.
In other words, unevenness on the supported wafer 1 due to

20 particles whichmay adhere to the central portion of the wafer
support table or the first wafer can be prevented. Therefore,
when the two wafers are brought into contact with each other,
gas entrapment between the wafers can be effectively
prevented.

25 Furthermore, since the wafer processing apparatus 1000

employs the wafer support table 31 manufactured by
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described below with reference to the acconpanyi ng draw ngs. [ First
Enbodi ment] 20 F-¢. 1 is a perspective view schematically show ng

t he overal | arrangenent of a wafer processing apparatus accordi ng
to the filiahe cedFig. 2 is an enl arged view of part of Fig. 1.
Fig. 3is I ew show ng the arrangenent of a wafer support
section o processi ng apparatus 100 shown in Figs. 1 and 2.
Fig. 4is a view showing a state wherein two wafers are brought into

fabricating a wafer, the problem of contamination (e.g.,
metal contamination) by the material of the wafer support
table is also solved.

[Application Example of Wafer Processing Apparatus]

5 An application example of the wafer processing
apparatus according to the third embodiment will be described
below. Figs. 13A to 13F are views showing steps in
manufacturing a wafer having, e.g., an SOI structure.

A single-crystalline Si wafer 501 for forming the first
10 wafer 1 is prepared. A porous Si layer 502 is formed on a
major surface of the single-crystalline Si wafér 501
(Fig. 13A). At least one non-porous layer 503 is formed on
the porous Si layer 502 (Fig. 13B). As the non-porous layer
503, a single-crystalline Si layer, a polycrystalline Si
15 1layer, an amorphous Si layer, a metal layer, a semiconductor
compound layer, or a superconductor layer is suitable. A
device such as a MOSFET may be formed on the non-porous layer
503.
An SiO, layer 504 is formed on the non-porous layer 503
20 to obtain a first wafer 1 (Fig. 13C). The first wafer 1 with
the SiO, layer 504 facing up is stored in the wafer cassette
7.
The second wafer 2 is prepared. The second wafer 2 with
its surface facing up is stored in the wafer cassette 8.
25 The wafer shown in Fig. 13C may be stored in the wafer

cassette 8 as the second wafer while another wafer may be
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This is the replacenent sheet - 19 -

contact on the wafer support section shown in Fig. 3. Figs. 5to 9 are
sectional views showi ng the wafer processing appar at (8is Sixet Hak Boen Rplaced
Figs. 1 and 2 taken along a line A - A Figs. 5to 9

operation of bringing two wafers into

stored in the wafer cassette 7 as the first wafer. In this
case, the wafer shown in Fig. 13C is transferred to the wafer
support table 31, and another wafer is transferred to the
wafer moving mechanism 4. .

5 In this state, the wafer processing apparatus of the
third embodiment is operated. The first wafer 1 and the
second wafer 2 come into contact with each other while
sandwiching the SiO, layer 504 (Fig. 13D), and stored in the
wafer cassette 9.

10 The wafers in contact with each other (Fig. 13D). may
be subjected to anode bonding, pressing, or heat treatment,
as needed, or these processing operations may be combined
to firmly bond the wafers.

As the second wafer 2, an Si wafer, an Si wafer with

15 an SiO, layer formed thereon, a transparent wafer consisting
of silica glass, or a sapphire wafer is suitably used.
However, any other wafer can be used as the second wafer 2
as far as it has a sufficiently flat surface to be bonded.

Next, the first wafer 1 is removed from the second wafer

20 2 to expose the porous Si layer 502 (Fig. 13E). The porous
Si layer 502 is selectively etched and removed. Fig. 13F
schematically shows the wéfer obtained by the above
manufacturing method.

According to this manufacturing method, the two wafers

25 are brought into contact with each other while apprépriately

removing any gas between the wafers, so a high-quality wafer
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5 contact. The wafer processing apparatus 100 overl ays two
waf ers and brings theminto contact and is suitably used to practice
a nmet hod of bonding two wafers to nmanufacture a wafer having, e.g., an
SO structure. 10 The waf er processing apparatus 100 has a wafer
support table 3 for supporting a firstwafer 1 (Fig. 4) fromits | ower
surface, and a wafer noving nmechanism4 for chucking a second waf er 2
(Fig. 4 fromits |ower surface and naki ng the second waf er 2 oppose
al nost parallel to the first wafer 1.

can be manufactured.

According to the present invention, a substrate support
table which can be manufactured at low cost can be provided.
The present invention is not limited to the above
5 embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.
Therefore, to apprise the public of the scope of the present

invention, the following claims are made.
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15 The wafer support table 3 preferably has a contact surface
whi ch cones into contact with only the peri pheral portion (and nore
preferably with the outernost portion) of “the—+ower—surface—of the
first wafer 1. The contact surface is preferably annul ar. Wen the

waf er support table 3 comes 20 into contact MI’anmul“mHmer surface
of the first wafer 1, the upper surface of'¥ il fill 1 can be
prevent ed from bei ng contam nated by particles, -and additionally,

damage to the first wafer 1 can_al so be prevented. Furt her nore, when

the wafer suppoPt2tade C3AIHEs TSt o

1. A substrate processing apparatus for overlaying
two substrates and bringing the substrates into contact
- with each other comprising:
5 support means for supporting the first substrate;
and
pressing means for pressing the second substrate
against the first substrate, the second substrate
opposing the first substrate supported by said support
10 means,
wherein said support means has a support member
contacting a peripheral portion of one surface of the
first substrate to support the first substrate.
2. The apparatus according to claim 1, whrein said
15 support means has chuck means for chucking the first
substrate on said support member.
3. The apparatus according to claim 2, wherein said
chuck means has an annular groove on a surface of said
support member, and the first substrate is chucked by
20 said support member by reducing a pressure in the
groove.
4.. The apparatus according to any one of.claims 1 to
3,-wherein said support member has an annular shape.
5. The apparatus according to any one of claims 1 to
25 4, wherein said support member supports an outermost

portion of one surface ci the first substrate.

T
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25 contact with only the peripheral portion or part of the |ower
surface of the first wafer 1, unevenness—on-the -first—wafer

-20-

10

15

20

25

1 supported on the wafer

ort table 3 due to particles
whi ch may adhere to the wafer supporHlmﬁﬁmﬂm) Il””“ll ower

6. The apparatus according to any one of claims 1 to
5, wherein said pressing means presses the second
substrate substantially at a central portion thereof.
7. The apparatus according to any one of claims 1 to
6, whrein said support means has, inside said support
member, a deflection prevention member for preventing
deflection of the first substrate.

8. The apparatus according to claim 7, wherein said
deflection prevention member supports the first
substrate substantially at a central portion thereof,
thereby preventing deflection of the first substrate.
9. The apparatus according to claim 7 or 8, wherein
a portion where said support member is in contact with
the first substrate and a portion where said deflection
prevention member is 1in contact with the first
substrate .are positioned substantially_ in the same
plane.

10. The apparatus according to any one of claims 1 to
9, wherein the apparatus further comprises substrate
manipulation means for canceling support of the second
substrate after the second substrate is supported to
oppose the first substrate supported by said support
means, and said pressing means presses the second
substrate in synchronism with cancel of support of the
second substrate by said substrate manipulation means.

11. The apparatus according to claim 10, wherein said

e
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surface of the first wafer 1 can be. prevented ~ The wafer support
table 3 preferably has a chuck ucking the first wafer
1. In this enbodinent, t he le 3 has-a vacuum chuck
mechani sm However, anot her mﬁ[(mﬁmnﬂmﬂhmuch as an electrostatic
chuck nmechani sm may be enployed. "« ¢ L T fer noving nmechani sm4
preferably cones into 10 contact with only the | ower surface of the

second wafer 2. In this enbodi ment, the wafer noving nechanism4 has a

groove 4a for vacuum chucki ng the mefer To chuck the second wafer
support means substantially horizontally supports the

first substrate, and said substrate manipulation means

substantially horizontally supports the -second

substrate above the first substrate and then cancels
5 support of the second substrate.

12. A substrate support apparatus for supporting one

of two substrates to be overlaid and brought into

contact with each other comprising:

a support member contacting a peripheral portion

10 of one surface of a substrate to support the substrate.

13. The apparatus according to <claim 12 further

comprising chuck means for chucking the substrate on

said support member.

14. The apparatus according to claim 13, wherein said
15 chuck means has an annular groove on a surface of said

support member, and the substrate is chucked by said

support member by reducing a pressure in the groove.

15. The apparatus according to any one of claims 12

to 14, wherein said support member has an annular shape.
20 1le6. The apparatus according to any one of claims 12

to 15 further comprising, inside said support member, a

deflection prevention member for preventing deflection

of the substrate. |

17. The apparatus according to claim 16, wherein said
25 deflection prevention member supports the substraﬁe

substantially at a central portion thereof, thereby

-
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2, the pressure in the groove 4a is reduced. Wth the | ower surface of
the second wafer 2 chucked by_a_maier chuck portion 15 4c, the wafer
novi ng nmechani sm 4 pivots t hrough about 1800 to nake

haf t
t he second wafer 2 oppose al mﬂ " u jl mn to the first wafer 1. The
shaft 4b is | ocated near |on bet ween the wafer support

table 3 and t he wafer chuck portlon 4c. . The wafer

processi ng apparatus 100 al so has, as a mechanl sm for adjusting the
gap between the two wafers_1_and OﬁpOSI ng each other, a displacenent
det ection sect ireEVenting deflection of the substrate.

18. The apparatus according to claim 16 or 17,
wherein a portion where said support member is in
contact with the substrate and a portion where said
5 deflection prevention member is in contact with the
substrate are positioned substantially in the same
plane.
19. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
10 with each other comprising:
supporting a first substrate by a support member
contacting a peripheral portion of one surface of the
first substrate, and pressing a second substrate toward
the first substrate, the second substrate opposing the
15 first substrate, thereby bringing the first and second
substrates into contact with each other.
20. The method according to claim 19, wherein a
support member having a chuck mechanism is used as the
support member.
20 21. The method according to claim 19 or 20, wherein
an annular support member is used as the support member .
22. The method according to any one of cléims 19 to
21, wherein the support member supports an outermost
portion of the first substrate.
25  23. The method according to any one of claims 19 to

22, wherein the second substraﬁe is Pressed

This Sheet Has Been Replaced

o - [T




for neasuring the thickness of the.first wafer 1 nounted on t he wafer
support table 3, a displacenent detectlon,sectlon 25 12 for measuring the

t hi ckness of the second wafer 2 chucked y the wafer chuck portion 4c,

e S o

substantially at a central portion thereof.
24. The method according to any one of claims 19 to
23, wherein the step of pressing the second substrate
comprises bringing a deflection prevention member
5 formed ipside the support member into contact. with the
first substrate.
25. A substrate processing method of '_overlaying two
substrates and bringing the substrates into contact
with each other comprising the steps 6f:
10 transferring first and second substrates to the
substrate processing apparatus of any one of claims 1
to 11,
overlaying the first and second substrates and
bringing the substrates into contact with each other by
15 the substrate processing apparatus; and
receiving the substrates in contact | with each
other from the substrate processing apparatus.
26. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
20 with each other comprising the steps of:
causing the substrate support apparatus of any
one of claims 12 to 18 to support a first substrate;
opposing a second substrate to the first
substrate supported by the substrate support
25 apparatus; and

overlaying the first substrate and the second
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for vertically anoving the wafer support table 3 on the basis '_ of the
measurenment results fromthe displ m‘(—‘-rTPnt det ection sections 12 and

15 to adjust the gap between t and 2 to a set value. 5
The waf er processing appar at us UHH ,H"')r ess  mechanism6 for
pressing the upper wafer 2 nears portion while the two

wafers 1 and 2 are supported to be opp05|te to each other. Apress pin
6a of the press nechani sm 6 pivots about a shaft 6b to be close to the

10. of the upper wafer 2 after the two wafers 1 and 2 are
Lagﬁgrfgaface substrate an % %rlnglng the substrates into contact with

each other.
27. A method of manufacturing a substrate comprising
the steps of:
5 preparing first and second substrates; and
bringing 'the first and second substrates into
contact with each other by the substrate ;pfocessing
method of any one of claims 19 to 24.
28. A method of manufacturing an SOI substrate
10 comprising the steps of:
preparing first and second substrates;
bringing the first and second substrates into
contact with each other by the substrate processing
method of any one of claims 19 to 24 to prepare a
15 substrate having a layer in which a single-crystalline
Si layer and an insulating layer are stacked; and
separating the substrates which are in contact
with each other at a portion other than a contact
interface to prepare one of the separated substrates as
20 the substrate having the single-crystalline Si layer on
the insulating layer.
29. A substrate support table comprising a member
consisting of a silicon material.
30. A substrate support table comprising a member
25 formed from a silicon wafer.

31. The table according to claim 30 further
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to be opposite to each other. \Wen the wafer chuck portion 4c of +the

waf er novi ng nechani sm 4 cancel s chucking of the upper wafer 2, the
press mechani sm 6 presses the upper wafer 2 by pressing the press pin
6a agai nst the |lower surface of 15 ttﬂumﬂmuﬂ lmll]mltwo wafers 1 and 2
gradual ly cone into contact with d fromthe pressed
portion, and accordingly, the gas bet veeh tthe Swafers 1 and 2 is

expel | ed outward. Consequently, no gas renains entrapped between the
wafers 1 and 2. 20 The wafer 2 is pref erabll){/ pressed by the press
pin 6a comprising a chuck portion for chucking a substrate to

be supported.
32. The table according to claim 31, wherein said
chuck portion is formed by lithography.

5 33. The table according to claim 31, wherein said
chuck portion is formed by etching the silicon wafer.
34. The table according to claim 31, wherein said
chuck portion is formed by wet-etching the silicon
wafer.

10 35. The table according to any one of claims 32 to 34,
wherein said chuck portion includes sealing portions
for wvacuum-chucking the substrate and a suction hole
for exhausting a gas in a space defined by said sealing
portions.

15 3e6. The table according to claim 35, wherein said
sealing portions are doubled along inside a periphery
of the substrate to be supported, and the suction hole
communicates with the space between said doubled
sealing portions.

20 37. The table according to claim 35 or 36, wherein
said sealing portions_ project to have a bank shape at
the periphery.

38. The table according to claim 37, wherein in
chucking the substrate, only said sealing portions are

25 Dbrought into contact with the substrate.

39. The table according to any one of claims 35 to 37
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al nost sinmul taneously with cancel of chucking of the wafer 2 by the
waf er chuck portion 4:;_—I—n—t—h4—s—e—a%e—pfessi ng can be started while

mai nt ai ni ng the gap b fers 1 and 2, which is adjusted
to the set value. Thi l“ﬁﬂ:ml iﬂJ mi" e quality of the wafer obtained by
bringing the two wafe ct I n addi tion, gas entrapnent

bet ween the wafers Thi s
is the repl acenent sheet

further comprising a deflection prevention portion for
preventing the chucked substrate from deflecting.

40. The table according to claim 39, wherein said
deflection prevention portion is formed between said

5 sealing portions.

41. The table according to claim 39 or 40, wherein in
chucking the substrate, only said sealing portions and
said deflection prevention portion are brought into
contact with the substrate.

10 42, The table according to any one of claims 39 to 41,
wherein surfaces of said sealing portions and said
deflection prevention portion, which are in contact
with the substrate to. be supported, are positioned
substantially in the same plane.

15 43. The table according to any one of claims 31 to 35,
wherein said chuck portion is located at a position
where a peripheral portion of the substrate to be
supported can be chucked.

44 . The table according to any one of claims 30 to 43,

20 wherein a pin hole through which a load pin for
vertically moving the substrate_to be supported on said
substrate support table is inserted extends through the
main body.

45, The table according to any one of claims 30 to 44,

25 wherein the silicon wafer complies with the SEMI

standard or the JAIDA standard.
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-22- 1 and 2 can be nore effectively prevented. Furthernore,

shift of the wafers | and 2 can be prevented i _____The press
mechani sm 6 incorporates a vibrator (e. g T a plezoelectrlc el enent)
for vibrating the press pin-6a. By 5 ss pin 6a which is
pressing the wafer 2, t he gas bet [ﬁm“ ﬂlﬂ I and 2 can be
efficiently renoved. Pressi ng« er 2 by the press pin 6a

may be
- 46. A substrate processing apparatus comprising:
a substrate.support table of any.one of claims 29
to 45,
wherein a substrate supported by said substrate
5 support table is processed.
47 . A substrate processing apparatus for overlaying
two substrates and bringing the substrates into contact
with each other comprising:
an attachment/detachment meehanism for
10 attaching/detaching said substrate support table of any
one of claims 29 to 45; and
pressing means for pressing a second substrate
toward a first substrate supported by said attached
substrate support table, the second substrate opposing
15 the first substrate.
48. The apparatus according to claim 47, wherein said
pressing means _presses the second substrate
substantially at a.central portion thereof.
49. The apparatus according to claim 47 or 48,
20 wherein said apparatus further comprises substrate
manipulation means for canceling support of the second
substrate after the second substrate is supported to
oppose the first substrate supported by said substrate
support table, and said pressing means presses the
25 second substrate in synchronism with cancel of support

of the second substrate by said substrate manipulation
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controlled at another timing. For exanple, pressing nmay be per f or med
at a predetermned timng before a predetermned 10 anmpunt of gas between
the wafers 1 and 2 is renoved after chucking of the wafer 2 is

cancel ed, at a tinming upon counting ~__ a predeternmined time after chuck

of the wafer 21s canceled “etermnedtl_mng after
chucking of the wafer ““l“lmumumml\n bef ore the di stance between
the wafers 1 and 15 beconmes a predet & m*ned di stance or | ess due to the
wei ght of the waf er 2. The waf er processing apparatus 100

al so has a waf ejeans.

50. The apparatus according to claim 49, wherein said
substrate support table substantially horizontally
supports the first substrate, and said substrate
5 manipulation means substantially horizontally supports
the second substrate above the first substrate and
then cancels support of the second substrate.
51. A su]estrate processing method of oveflaying two
substrates and bringing the substrates into contact
10 with each other comprising the steps of:
causing the substrate support table of any one of
claims 29 to 45 to support a first substrate;
opposing a second substrate to the first
substrate supported by the substrate suppdrt table; and
15 overlaying the first substrate and the second
substrate and bringing the substrates into contact with
each other.
52. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
20 with each other comprising. the steps of:
transferring first and second substrates to the
substrate processing apparatus of any one of claims 46
to 50;
overlaying .the first and second substrates and
25 Dbringing the substrates into contact with each other by
the substrate processing apparatus; and
_\
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transfer robot 10 for setting the wafers 1 and 2 on the wafer suppor t
table 3 and the wafer chuck portion 4c, respectively, 20 "and- FeGeLMJn

the wafers in contact with each other fromthe vv:ﬁﬂ!" Ie3
and a wafer alignnment section 11. In this #
apparatus 100, before the start of wafer contact procéSSLng

cassettes 7 and 8 storing wafers 1 and 2 which have not been processed

yet, and a wafer 25 cassette 9 for storing processed wafers are set at

predeterm ned positions. |n this enbodinment, wafers 1 and i
receiving the substrates in contact with each

other from the substrate processing apparatus.
53. A method of manufacturing an SOI substrate
comprising the 'steps of:
5 preparing first and second substrates:
bringing the' first and second substrates into
contact with each other by the substrate processing
method of claim 51 or 52 to prepare a substrate having
a layer in which a single-crystalline Si layer and an
10 insulating layer are stacked; and
separating the substrates which are in contact
with each other at a portion other than a contact
interface to prépare one of the separated substrates as
the substrate having the single-crystalline Si layer on
15 the insulating layer.
54. A cleaning method comprising:
cleaning the substrate support table while
accommodating the substrate support table of any one of
claims 29 to 45 in a wafer cassette for storing a wafer
20 for manufacturing a semiconductor device.
55. A method of handling the wafer processing
apparatus of any one of claims 46 to 50 comprising the
steps of:
detaching the substrate support table from the
25 wafer processing apparatus;

cleaning the substrate support table while
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-23 - 2 whi ch have not been processed yet are stored in the wafer

cassettes 7 -anrd-8;—respectivety; while having the | ower surfaces
faci ng down. When the start of wafer contact processing is

|nstruct ed IEIIMIH"'"E“IIH"MHI" on switch 16b on a control panel 16, the wafer

accommodating the detached substrate support table in a
wafer cassette for storing a wafer for manufacturing a
semiconductor device; and
- attaching the cleaned substrate support table in
5 the wafer processing apparatus.
56. A method of manufacturing a substrate support
table comprising the steps of:
forming an SiO, film to cover an entire silicon
wafer;
10 forming a first photoresist film on one surface
of the SiO, film;
patterning the fifst photoresist film to expose
the Si0, film at a portion where sealing portions for
vacuum chucking are to be formed;
15 etching the Si0, film at the exposed portion to
expose the silicon wafer;
removing the remaining first photoresist film;
etching the silicon wafer at the exposed portion
to a predetermined depth;
20 forming an SiO, film to cover the entire silicon
wafer;
. forming a second photoresist film on the other
surface of the SiO, film;
patterning the second photoresist film to expose
25 the Si0, film at a portion where a suction hole for

vacuum chucking is to be formed;
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transfer robot 10 chucks the | ower surface of an unprocessed wafer 1

stored in the wafer cassette 7, and transfers the————wafer 1 to the wafer
al i gnnent section 11. The wafer “alignnent section 11 detects the
central position and 10 direction “E“ﬁ “uilﬁmﬁtion flat and notch
posi tion) of the transferred (‘m“l]m U sor and adjusts the
central position and direction. Thewafer¢ alt gftrrefit Secti on 11
preferably comes into contact with only the |ower surface of the wafer
1. 15 After this, the wafer_ transfer robot 10 receives the

etching the Si0O, film at the exposed portion to

expose the silicon wafer;
removing the remaining second photoresist film;
etching the silicon wafer at the exposed portion
5 to form the suction hole extending through the silicon
wafer; and
removing the remaining S$iO, film.
57. A method of manufacturing a substrate support
table comprising the steps of:
10 forming a first £film to cover an entire silicon
wafer;
forming a first photoresist film on one surface
of the first film;
patterning the first photoresist film to expose
15 the first film at a portion where sealing portions for
vacuum chucking are to be formed;
etching the first film at the exposed portion to
expose the silicon wafer; |
removing the remaining first photoresist film;
20 etching the silicon wafer at the exposed portion
to a predetermined depth;
forming a second film to cover the entire silicon
wafer;
forming a second photoresist film on the other
25 surface of the second film;

patterning the second photoresist film to expose
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al i gned wafer 1 and sets it at a predeterm ned position on | oad pi ns
13 which project fromthe wafer—support table 3 t hrough | oad pin hol es

3e. After the wafer 1 is nou the | oad pins 13, the wafer
support table 3 noves upwar dnm&?ﬂwwlmmuﬂmer 1 is supported by the wafer
support table 3. Si nce ¥he; w roric&¥lal ready been aligned by the
waf er alignnent section 11 and transferred to the wafer support

table 3 while maintaining its positional relationship, the central
position and direction of the wafer 1 need not be 25 adjusted again on

t he waf er suppokEket ggceng fioevat a portion where a suction hole for

vacuum chucking is to be formed;
etching the second film at the exposed portion to
" expose the ‘silicon Wafer;
5 removing the remaining second photoresist film;
etching the silicon wafer at the exposed portion
to form the suction hole extending through the silicon

wafer; and

removing the remaining second film.
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alignment of the wafer 1 nmaybe perfornmed on the wafer support

-24 -

extracts an

t hesane

5

10

15

20

25

table 3. Next, the wafer transfer robot 10
unprocessed wafer 2 fromthe wafer cassette 8. Wth

ABSTRACT OF THE DISCLOSURE

Two wafers are properly brought into contact with
each other. The first wafer is supported by a wafer
support table (3) having an annular peripheral portion =
(3d). The substrate support table (3) is in contact
with only the peripheral portion (3d) of the first
wafer. While the second wafer opposing the first wafer
is supported, the lower surface of the second wafer is
pressed near its central portion, so the first and
second wafers come into contact with each other outward
from the central portion. The central portion (3c) of
the wafer support table (3) is not in contact with the
first wafer. Even when particles adhere to the central

portion, unevenness on the supported first wafer can be

prevented. Therefore, no gas is 1left between the
wafers. This invention also provides a wafer support
table formed by fabricating a silicon wafer. A

commercially available silicon wafer is fabricated by
lithography to prepare a wafer support table (31). The
wafer support table (31) has sealing portions (31a,
31b) and deflection prevention portions (31lc). The
wafer to be supported is chucked by reducing the
pressure between the sealing portions (31la, 31b). The
wafer to be supported is in contact only with the

sealing portions (31a, 31b) and the deflection

prevention portions (31lc).
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procedures as descri bed above, the wafer alignnment section 5 11 adjusts
the central position and direction of the wafer 2, and then, the wafer
2 is.set at a predeterm ned position on | oad pins 14 which project
fromthe wafer chuck portion 4c of the wafer noving mechanism4. After
the wafer 2 is mounted on the | oadpt 14, the wafer chuck portion 4c
pivots 10 about the shaft 4b until the wafer chuck portion 4c contacts
the |l ower surface of the wafer 2. The pressure in the groove da is
reduced, so the wafer 2 is chucked by the wafer chuck portion 4c. As
descri bed above, since the wafer 2 has already




been aligned by the wafer alignnent section 11 and chucked 15 by the

waf er chuck portion 4c while maintaining its positional relationship,
the central position and direction of the wafer 2 need not be adjusted
again in chucking. In chucking the wafer 2, the |oad pins 14 may be
retracted downwar d instead of pivog?qg%the waf er chuck portion 4c. 20
Wiile the wafers 1 and 2 are bei ng suppbft by the wafer support
table 3 and the wafer chuck portion 4c, respectively, t he di spl acenent
detection sections 15 and 12 neasure the t hi cknesses of the wafers 1
and 2. More specifically, the

2

FIG.




di spl acenent detection sections 15 and 12 nove sensors 15a 25 and 12a

close to the upper portions of the wafers 1 and 2, l.rradi ate the
wafers 1 and 2 with light, and nmeasure the

-25 - t hi cknesses of the wafers 1 and 2 on the basis of the
reflected 3/40

FIG. 3

A 7777777777

3 3e 3¢ 18




i ght, respectively. When neasurenent of the thicknesses of the

wafers 1 and 2 is ended, the wafer chuck portion 4c pivots about the
shaft 5 4b through about 180[err] to make the wafer 2 oppose al nost
parallel to the wafer 1, as described above. After this, the gap
between the wafers 1 and 2 is adjusted @y phe Z-axi s stage 5, and the
wafer 2 is pressed by the press pin 6a, tﬁ S conpl eti ng cont act

processing. - 10 When contact processing is ended, the wafer support
table 3 is nmoved downward by the Z-axis stage 5, and the
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processed wafers are supported by the |load pins 13. After this, the
waf er transfer robot 10 receives the processed waf ers and stores them
in the wafer cassette 9. 15 By repeatedly executing the above
procedure, a plurality of wafers stored in the wafer cassettes 7 and 8
can be continuously processed. /Qéhe arrangenment of the wafer
support table 3 will be describedf%e . The wafer support table 3 has
a circular 20 central portion 3c and an annul ar peripheral portion 3d. Two
chuck grooves 3a and 3b are fornmed in the chuck surface of
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t he peripheral portion 3d (surface where the wafer 1 is chucked) to

vacuum chuck the wafer 1. The chuck grooves 3a and 3b
comunicate with a suction 25 hole 18a which is coupled to a pipe 18
having a valve 19 m dway. A vacuum punp 20 is connected to one end of
the pi pe 18.- Wafer 6/40 -26 -
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chucki ng by the chuck grooves 3a and 3b can be controlled by openi ng

or closing the val ve 19. When the wafer 2 is to be pressed by the
press pin 6a, the valve 19 is opened to |lower the pressure in the
chuck 5 grooves 3a and 3b, thereby chucking the wafer 1. \Wen the

wafer 1 is chucked by the chuck grooves7§@g§nd 3b fornmed in t he
surface of the peripheral portion 3d w th flat surface, the first
wafer 1 is corrected to be nearly flat. In this state, the wafer

2- is pressed at its central
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10 portion, as shown in Fig. 4. First, the central portions of t he

two wafers 1 and 2 cone into contact, and then, the contact portion
gradual |y expands outward. At this tinme, the contact portion expands
in all directions alnbst at a constant speed. The operation of

t he waf er processing apparatus 100 in é;wR{inging two wafers into contact
w Il be described next with reference to Figs. 5 to 9. When
the wafers 1 and 2 are nounted on the | oad pins 13 and 14 by the wafer
transfer robot 10, respectively, the Z-axis stage 5 noves the wafer

support table 3 upward to a
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20 predeterm ned position at which the wafer 1 is supported, and the

waf er novi ng mechanism 4 pivots the wafer chuck portion 4c about the
shaft 4b to a predeterm ned position at which the wafer 2 can be
chucked, as shown in Fig. 5. Next, as shown in Fig. 6, the
sensors 15a and 12a of 25 the displa detection sections 15 and 12
nove onto the wafers 1 and 2 to neasure the thilg«ies&s of tiue waf ers
1 I . 0
"~ WAFER TRANSFER ROBOT 17\—\
11<] WAFER ALIGNMENT CONTROL SECTION
SECTION
17a
12, — D)
DISPLACEMENT '
DETECTION SECTION CPU
12a SENSOR
PROGRAM
12b+.] DRIVING SECTION ]
(
15, 17b
DISPLACEMENT
DETECTION SECTION
15a4. SENSOR
DRIVING SECTION
15b™
5~ z-Axis sTAGE
4
M WAFER MOVING
MECHANISM
40} WAFER CHUCK
PORTION
4d~ PIVOTING MOTOR
6- :
PRESS MECHANISM 161
6]  VIBRATOR CONTROL PANEL
6d1- PIVOTING MOTOR 16a\
DISPLAY PANEL
19a~] VALVE CONTROL SECTION OPERATION SWITCH
16b”




-27- and 2, respectively. After the thicknesses of the wafers 1

and 2 are neasured, the sensors 15a and 12a return to the initial
positions shown in Fig. 5. As shown in Fig. 7, the wafer noving
mechanism 4 pivots 5 the wafer chuck portion 4c about the shaft 4b
t hrough ar ound 180 to neke the wajgyaol and 2 -opposite to each other
al nost I n the horizontal direction. he hei iEt othe vvaf1e support
((contact PROCESSING )
S101\
PERFORM INITIALIZATION ¢ 3112
~
CHUCK FIRST WAFER ON
S102 v‘ WAFER SUPPORT TABLE
CHUCK FIRST WAFER ¢ ,~/S1 13
S1 031 MOVE PRESS PIN
POSITION FIRST WAFER i /JS1 14
CANCEL CHUCKING
5104y OF SECOND WAFER
SET WAFER ON ‘ :
WAFER SUPPORT TABLE ¢ /JS1 15
' PRESS AND VIBRATE
S105 y WAFER
CHUCK SECOND WAFER * S116
. P
5106\ i RETURN PRESSING PIN
POSITION SECOND WAFER + /81 17
RETURN
St 07\ ¢ WAFER CHUCK PORTION
SET WAFER ON
WAFER CHUCK PORTION v __S118
CANCEL CHUCKING
5108y OF FIRST WAFER
MEASURE THICKNESS
OF FIRST WAFER v ~S119
RETURN WAFER
S1 09\ ¢ SUPPORT TABLE
MEASURE THICKNESS
OF SECOND WAFER v ~~S120
. STORE WAFER
§110, ¢ IN CASSETTE
OPPOSE WAFERS
TO EACH OTHER S121 NO
S111y ¢ —
ADJUST GAP YES
( END )




table 3 is adjusted by the Z-axis stage 5 on the basis of t he neasured
t hi cknesses of the-wafers 1 and 2 to set the 10 gap between the wafers 1
and 2 at a set value. The gap is preferably 20 to 100 [err]mat the
central portion of the wafers and, nore preferably, 30 to 60 [err]m
The wafer processing apparatus 1091opgps the valve 19 so that the

peri pher al portion of the | ower surface of the wafer 1 is chucked by
15 the chuck surface of the peripheral portion 3d of the wafer

support table 3. Wth this operation, the wafer 1 is corrected to be
al nost flat.

FIG. 12
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As shown in Fig. 8 the press pin 6a is pivoted about the shaft 6b to
be close to the | ower surface of the wafer 20 2 (e.g., aposition at which
the press pin 6a is substantially in contact with the | ower surface of
the wafer 2). Subsequently, as shown in Fig. 9, the | ower

surface of the wafer 2 is presseqobhy@he press pin 6a when chucking of

the wafer he chuck portion 4c 1s canceled. The 25 wafers 1
and 2 grad&W@Conﬁ&rtA) contact with each other outward fromthe

cent ral por t i on,  an A g~ 502

501

FIG. 13B
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This is the replacenent sheet -28 -
surfaces are in contact with each other. After the press

mechanism6 is returned to the initial - state (state shown in Fig. 5),
t he wafer chuck portion 4c :

13740
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is returned to the initial state (state shown in Fig. 5). 5 The valve 19

is closed to set the interior of the chuck groove 3a to the

at nospheri c pressure (chucking of the wafer 1 is cancel ed), and then,

the wafer support table 3 is- noved - downward, so that the wafers in

contact with each other are supp?mt by the load pins 13. -In this

state, the wafer 10 transfer robot 10 chucks the | ower surface of the
~wafers in contact with each other, transfers themto the wafer

cassette 9, and stores themin the wafer cassette 9. Fi g.

10 is a bl ock di agram show ng the arrangenent of

FIG. 15
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the control system of the wafer processing apparatus 100. 15 A control

section 17 controls the wafer transfer robot 10, the wafer alignnment
section 11, the displacenent detection sections 12 and 15, the Z-axis
stage 5, the wafer noving mechani sm 4, the press nmechanism6, the
panel section 16, and a val ve conhggygfection 19a by a CPU 17a which
operates 20 on the basis of a progra , Fig. 11 is a flow
chart show ng the control procedure based on the program 17b. The
operation of the control system of the wafer processing apparatus 100

wll be described wth FIG 16
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reference to the flow chart. 25 Vhen'the start of contact

processing is instructed by operating the operation swtch 16b,
constituent el enents - 29 -
connected to the control section 17 are initialized in step
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S101. In this initialization step, the presence and positions of the

waf er cassettes 7, 8, and 9 are al so confirned. | f preparation is not
conplete, this is indicated on a display 5 panel 16a to warn the

oper at or. In step S102, a wafer 1 -stored in the wafer cassette
7 is chucked by controlling the wafer gégggjer robot 10. 1In step
S103, the chucked wafer 1 is transferr {0’ t he wafer al i gnnment
section 11 and aligned (central position and 10 direction). In step
S104, the wafer 1 is set at a pr ggetemined position on the | oad pins

13 projecting from
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the wafer support table 3 by controlling the wafer transfer robot 10.
The wafer support table 3 is noved upward to a predeterm ned position
by controlling the Z-axis stage 5. 15 . In step S105, a wafer 2
stored in the wafer cassette 8 is chucked by controlling the wafer
transfer robot 10. In step S106, ige fer 2 is transferred to the
waf er al i gnnent section 11 and al ﬁ (central position and
direction). In step S107, the wafer 2 is set at a predeterm ned
position 20 on the load pins 14 fromthe wafer chuck portion
4c by controlling the wafer transfgé D. The wafer
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chuck portion 4c is pivoted about the shaft 4b through a pr edet er m ned
angle by controlling a pivoting notor 4d of t he waf er novi ng nechani sm
4, so the wafer 2 is chucked by 25 the wafer chuck portion 4c.

In step S108, the sensor 15a is noved to a predeterm ned -
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position on the wafer 1 by controlling a driving section 15b of the

di spl acenent detection section 15, so the thickness of the wafer 1 is
neasured by the sensor 15a. In step S109, the sensor 12a is
noved to a predeterm ned 5 position on the wafer 2 by controlling a
driving section 12b of the displﬁgégg@i detecti on-section 12, so the
t hi ckness of the wafer 2 is neas t he sensor 12a. In
step S110, the wafer chuck portion 4c is pivoted about the shaft 4b
t hrough about 180[err] by controlling tre=pwoting
: g
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10 nmotor 4d of the wafer noving mechanism4 to nake the wafers 1 and 2

opposite to each other alnost in the horizontal di rection.
In step S111, data for adjusting the gap between the - wafers 1 and 2 to
a set value is prepared on the basis of 15 the neasurenent result of the
t hi cknesses of the wafers 1 and 2. The Z-axis stage 5 is controlled on
the basis of the data to adj ust t%kféﬂp between the wafers 1 and 2.
In step S112, the val ve control section 19a opens the val ve 19, so the
first wafer 1 is chucked by the wafer support
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20 table 3. In step S113, the press pin 6a is pivoted about the
shaft 6b by controlling a pivoting notor 6d of the press nechani sm

6 until the distal end portion of the press pin 6a roughly contacts
the | ower surface of the wafer 2. 25 In step S114, chucking of the
wafer 2 by the wafer chuck portioa ﬂ; 65 canceled. In step S115, the
pi voting notor 6d : 274 This is
t he repl acenent sheet
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- 31 - and a vibrator 6¢c of the press mechanism6 are controlled

to press the press pin 6a against the | ower surface of the waf er 2
and simultaneously vibrate the press pin 6a. \Wen step S115 is
executed immedi ately after step S114, -cancel 5 of chucking of the wafer
2 and pressing can be perforned al nost si mul t aneousl y. Pressing
may-be started after step S114, 23740
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e.g., after a predetermned time is counted. When the wafers 1
and 2 are conpletely in contact with each other, the pivoting notor
6d of the press nechanism6 10 is controlled to return the press pin 6a
to the initial position in step S116. In step S117, the pivoting notor
4d of the wafer noving mechani sm4,i ontrolled to return the

waf er chuck portion 4c to the initial é6§€460n. In step S118,
the valve 19 is closed to return the 15 interior of the chuck grooves 3a
and 3b to the atnospheric pressure eby cancel i ng chucki ng of the
wafer 1. In step
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S119, the Z-axi s stage 5 is controlled to nove the wafer support table

3 downward to the initial state. Wth this operation, the wafers in
contact with each other are 20 supported by the |oad pins 13.

In step S120, the wafer transfer robot 10 is controlled to transfer
the wafers in contact with each ot her ég/ﬂﬁf waf er cassette 9 and

store themin the wafer cassette 9. In step S121, it is

determ ned whet her contact 25 processing has been perforned for al

wafers stored in the waf er casselles 7 and 8. |If wafers which have not
been
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-32 - processed yet remain, the flowreturns to step S102 to repeat
the processing. If it is determined that contact processing has been
performed for all wafers, the series of processing operations are
ended. At this tinme, the operator is

26740
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5 preferably notified of the end of processing by an indication on
the di splay panel 16a or a-buzzer sound. As descri bed above,
according to the wafer processing apparatus 100, 1) since pressing is
started in synchronism wi th cancel of chucking of the upper wafer 2,
the gas between 10 the wafers 1 and éy?g@ be properly renoved outward, 2)
si nce t he upper wafer 2 does not when the wafers 1 and 2 oppose
each other, the two wafers 1 and 2 can be properly positioned, 3)
since the gap between the wafers 1 and 2 can be adjusted to an
appropriate distance, the quality of actured
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15 wafer can be unifornmed, and the wafers 1 and 2 need not be

classified in advance, 4) the surfaces of the wafers 1 and 2 can be
prevented from bei ng contam nated by particles, 5) darmage to the

peri pheral portions of the wafers can be prevented, and 6) gas
entrapnment between the wafers can be é%/g@icreased by vibrating the wafers

during pressing. In additio ording to the wafer processing
apparatus 100, only the peripheral portion 3d of the wafer support
table 3 cones into contact with the | ower surface of the first wafer

1. For this reason, even when particles
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25 adhere to the central portion 3c of the wafer support table 3 or
the central portion of the |lower surface of the first
-33 - - wafer 1, the first wafer can be supported in an al nost fl at

state. In other words, unevenness on the supported wafer 1 due to
particles which nmay adhere to the centéglﬂl%ortion of
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t he wafer support table or the first wafer can be prevented. 5

Therefore, when the two wafers are brought into contact with each
ot her, gas entrapnment between the wafers can be effectively
prevent ed. [ Second Enbodinent] In the second enbodi nent,
the structure of the wafer supporﬁgkgghg 3 of the wafer processing
appar atus 100 accordlng to the fi odi nent is nodified. The
arrangenent of menbers other than the wafer support table is the sane
as in the first enbodinent. Fig. 12 is a éﬁ
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sectional view showi ng the structure of a wafer support table 15 3

according to the second enbodi nent. The wafer support table 3" is
particularly suitable to bring | arge-dianeter wafers into contact with
each ot her. The wafer support table 3" of the second enbodi nent
has, near its central portion, a g f&ﬁition prevention portion 20 3f
for preventing a wafer 1 fromdeflecti g to its weight or pressing
by a press pin 6a. That table portion where the ndeflection prevention
portion 3f comes in contact with the firstgwafgﬁ 1 and that table
portion where a peri pheral = 5.‘:
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portion 3b conmes in contact with the first wafer 1 are 25 preferably

substantially positioned in the sane plane. In t he exanpl e shown in
Fig. 12, the portion where the _
This is the replacenent sheet 34-
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defl ection prevention portion 3f conmes in contact with the waf er has

an annul ar shape. Another shape (e.g., a matrix or needl epoi nt array)
may be enpl oyed. The wafer support tabl e 3' can be manufactured by,
e.g., |apping. 5 The defl ection prevention portion 3f is preferably
| ocated near the center of the wafer support table 3'. However, even
when the defl ection prevention portion3§V7KE | ocated at an arbitrary

position in a central portion 3c, the sane effect as described above
can be obt ai ned.

22
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10 As descri bed above, when the deflection prevention portion 3f

Is used, the first wafer 1 can be prevented from defl ecting, and the
i nfluence of particles can be reduced, as in the first enbodi nent.
[ Application Exanpl e of Wafer Processing Apparatus] 15 An
application exanple of the wafer procgaiggg apparatus according to the
first or second enbodi nent wll cribed below Figs. 13A to 13F
are views show ng steps i n manufacturing a wafer having, e.g., an SO
structure. A single-crystalline Si wafer 501 for form ng the
first
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20 wafer 1 is prepared. A porous Si l|layer 502 is fornmed on a maj or
surface of the single-crystalline Si wafer 501 (Fig. 13A). At |east
one non-porous |layer 503 is formed on the porous Si layer 502 (Fig.
13B). As the non-porous | ayer 503, a single-crystalline Si |ayer, a
polycrystalline Si 25 |layer, an anorphous Si |ayer, a netal layer, a
sem conduct or conpound | ayer, or §5§Uﬂlrconductor | ayer is suitable.
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35 - devi ce such as a MOSFET may be forned on the non-porous |ayer
503. An Si2 | ayer 504 is fornmed on the non-porous |ayer 503

to obtain a first wafer 1 (Fig. 130).

The first wafer 1 with

| ayer 504 facing up is stored in a wafer cassette 7.
second wafer 2 is prepared. The second er 2 with
prep 39
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Its surface facing up is stored in a wafer cassette 8. The waf er
shown in Fig. 13C-nmay be stored in the wafer 10 cassette 8 as the second

waf er whil e anot her wafer nay be stored in the wafer cassette 7 as
the first wafer. In this case, the mafer shown in Fig. 13Cis
transferred to the wafer support %2 e 3 and another wafer is
transferred to a wafer novi ng In this state,

t he waf er processing apparatus is operated. The first wafer 1 and the
second wafer 2 cone into contact with each other while sandw ching the

Si2 | ayer 504
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(Fig. 13D), and stored in a wafer cassette 9. The wafers in
contact with each other (Fig. 13D) may 20 be subjected to anode bondi ng,

pressing, or heat treatnent, as needed, or these processing operations
may be conbi ned to firmy bond the wafers. As the second
wafer 2, an Si wafer, an Si wafer wit& an Si2 | ayer fornmed thereon, a
transparent wafer consisting 25 of 844Q gl ass, or a sapphire wafer is
sui tably used. However, any other wafer can be used as the second
waf er 2
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-36 - as far as it has a sufficiently flat surface to be bonded.

Next, the first wafer 1 is renoved fromthe second wafer 2 to expose
the porous Si layer 502 (Fig. 13E). The porous Si layer 502 is
selectively etched and renoved. Fig. 13F 5 schematically shows the wafer
obt ai ned by the above 39740
10 :
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~substrate) support table 31 according;to the third .. enbodi nent_of the
present invention: The waf er support t abREPIA" caBNDESHEETS SG
~manuf actured by fabricating a generally co rmésafllﬁﬁbnav&l ag)'@oihéédcé'a
wafer, 20 e.g., a silicon wafer for d' ufactu q;laﬂ?mco Eof’e%e"
device conplying with the SEM standar r JAI —
Anuf act g&%ur?ﬁg‘i }!V:H%el
e

used to manufacture a sem conductor device has i

For this reason, when the surface is used agpgs‘bcsﬁﬁgk fsu?q‘g ]tq)page -----
chucking a wafer to be supported, a 25 high-grecision wafer supp% e
can be easil y DATE OF RECEIPT..../5/03/7

TITLE OF THE INVENTION
SUBSTRATE PROCESSING APPARATUS,
' SUBSTRATE SUPPORT APPARATUS,
SUBSTRATE PROCESSING METHOD, AND
5 SUBSTRATE MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

10 The present invention relates to a substrate processing
apparatus for overlaying and cpntacting two substrates with
each other, a substrate support apparatus, and a substrate
processing method, and a substrate manufacturing method
using the apparatus or met:hod

15 The ﬁrésent inventio'nﬂ also relates to a substrate
support table consisting of a silicon material, a substrate
processing apparatus including the substrate support table,
methods of manufacturing and handling the substrate support
table, and a substrate processing method.

20
DESCRIPTION OF THE RELATED ART

_ Thére is a method of bringing two wafers (substrates)

into contact and bonding them by anode bonding, pressing,
or heat. treatment. This method- is suitable to manufacture

25 a wafer having, e.g., an SOI structure.

Figs. 14A and 14B are schematic views showing the step

This is the replacement sheet
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Jmanufactured. Hence, a wafer support table excellent in nmass

-37- productivity and cost cdh be' obtai ned. ' For
exanmpl e, the general |ithography technique can be enpl oyed to
fabricate thesilicon wafer. Since a patagrncan

—

of bondingwafers. 1Inthisbonding step, first, a first wafer
1 with its bonding surface facing up is set on a wafer support
| jig 201, and a second wafer 2 with its bonding surface facing
down is softly placed on the first wafer 1, as shown in
5 Fig. 14A. At this time, the upper wafer 2 floats on the gas
(e.g., air or an inert gas) be£ween the wafers, as shown in
Fig. 14A.

As shown in Fig. 14B, when a press pin 202 presses the

upper wafer 2 near its central portion before the gas between
10 the wafers 1 and 2 is completely removed, the air at the

central portion of the wafers moves to the periphery. The

wafers 1 and 2 come into contact with each other at the central

portion first. As the gas between thewafers gradually moves

outward, the contact area expands, and finally, the entire
15 wafers come contact with each other.

Although the above method is applicable to bring two
wafers into contact by simple operation, it has the following
problems.

One of the problems is associated with wafer

20 contamination due to alignment of two wafers. Since the
upper wafer 2 floats on the gas between the wafers, friction
in movi;:zg the upper wafer 2 in the horizontal plane is very
small. The upper wafer 2 slides even when the jig 201
slightly tilts. Therefore, to properly align the two wafers

25 1 and 2, a means for limiting movement of the wafer 2 in the
horizontal plane is required.
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be forned at an accuracy of, e.g., subgj cron order -, 5 [lithography is

appl i cabl e to manufacture the wafer support tabl e according to the
third enbodi nment. - : The wafer support table 31 has two bank-shaped
seal'i ng ' portions 3la and 31b and a_suction port 31d. The gas in the
space defined by the two sealing portioné:Sla and 31b and 10 the wafer to
be chucked and supported is exhausted through the suction port 31d,

t her eby chucki ng the wafer. On the wafer support table 31, a

nunber of pin-shaped defl ecti on prevention portions 31c is forned
bet ween t he ‘

The jig 201 shown in Figs. 14A and 14B has a recessed
portion conforming to the shape of the wafers 1 and 2. The
wafers 1 and 2 are aligned while being limited in their
movement in the horizontal direction by the side walls of

5 - the recessed portion.

Fig. 15 is a view showin—g another jig for overlaying
the wafers 1 and 2 while aligning them. A jig 203 has a
plurality of alignment pins 204 and a press pin 205. The
wafers 1 and 2 are pressed against the plurality of alignment

10 pins 204 by the press pin 205, thereby limiting movement of
the wafers 1 and 2 in the horizontal plane.

The method of overlaying two wafers using the jig shown
in Figs. 14A and 14B or Fig. 15 has factors that generate
particles, inflict damage to the peripheral portions of the

15 wafers, or lower the yield because the peribheral portions
of the wafers are in contact with the jig.

As another problem, ‘no coristant condition can be
obtained in pressing the wafers. More specifically, the time
after the two wafers are overlaid until they are pressed by

20 the press pin is not constant, and the gap between the wafers
in pressing them by the press pin is not constant. Therefore,
the quaiity of the wafer obtained by bringing two wafers into
contact can hardly be uniformed. In addition, the gas
between the wafers sometimes escapes before the wafers are

25 pressed by the press pin. In this case, since the wafers

' cannot be brought into contact while gradually removing the
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sealing portions 3la and 31b to prevent the chucked wafer 15 from

defl ecting upon reducing the pressure between the two seal i ng
portions 3la and 31b. In this enbodinent, the defl ection preventi.on
portions 31c are fornmed only between . " the sealing portions 3la and
31b. However, the deflection preveﬁfion portions 31c may be forned at
the central portion. 20 As the surfaces of the sealing portions 3la
and 31b and - the defl ection prevention portions 31c which cone in

cont act with the object to be chucked, the surface of the silicon

wafer as the material of the wafer support table 31 is directly
gas outward from the central portion, some gas may remain

entrapped between the wafers.
As an apparatus for supporting a substrate to be
processed in the manufacture of a semiconductor devicé, a
5 substrate support apparatus for supporting a substrate by
vacuum chucking is used. Asa s_ubstrate suppor_t table, i.e.,
a unit of the substrate support apparatus, normally; a plate
consisting of a metal or ceramic material with high rigidity
and having a chuck groove is us-ed.
10 However, the conventional substrate support table is

expensive in general, and a demand for a more inexpensive

substrate support table has arisen.

SUMMARY OF THE INVENTION
15 The present invention has been made in consideration
of the above problems, and has as its object to increase the
quality of a substrate obtained by bringing two substrates
into contact with each other.
According to the present invention, there is provided
20 a substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with each
other, characterized by comprising support means for
supporting the first substrate; and pressing means for
pressing the second substrate against the first substrate,
25 the second substrate opposing the first substrate supported

by the support means, wherein the support means has a support
This is the replacement sheet



used. 25 The wafer support table 31 has pin holes 31e.in which
| oad pins (to be described |ater) used to | oad/ unl oad the
-38 - _ » wafer to be chucked are inserted.

.i-

member contacting a peripheral portion of one surface of the
first substrate to support the first substrate.

In the substrate processing apparatus, the support
means preferably has chuck means for chucking the first

5 substrate on the support member.

In the substrate processi—ng apparatus, preferably, the
chuck means has an annular groove on a surface of the support
member, and the first substrate is chucked by the support
member by reducing a pressure i;'l the groove.

10 In the substrate processing apparatus, the support

| member preferably has an annular shape.

In the substrate processing apparatus, the support
member preferably supports an outermost portion of one
surface of the first substrate.

15 In the substrate processing apparatus, the pressing
means preferably presses the second substrate substantially
at a central portion thereof.

In the substrate processing apparatus, the -support
means preferably has, inside the support member, a deflection

20 prevention member for preventing deflection of the first
substrate.

II:l the substrate processing apparatus, the deflection
prevention member preferably supports the first substrate
substantially at a central portion thereof, thereby

25 preventing deflection of the first substrate.

In the substrate processing apparatus, a portion where

This is the replacement shest
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Fig. 17 is a sectional view show ng part of the wafer ~ support table
31 shown in Fig. 16. A height h of the sealing portions 3la and 31b
and the deflection prevention portions 5- 31c is preferably about50
‘[err]m Wdths d4anddl of t heseal i ng .gRortions 3la and 31b are _
preferably made small to sone extent — to prevent particles from being
sandw ched by the sealing portions 3la and 31b and the wafer to be
chucked, and the widths are preferably, e.g., approximately 0.2 mm
Fromthe 10 sane viewpoint, the dianeter of the deflection prevention

portions 3_1C £ ShEEBRLY mERHE, STB! {n tGmUR Wt the® ¥ rst substrate

and a portion where the deflection prevention member is in

contact with the first substrate are preferably positioned
substantially in the same plane.

5 Preferably, the substrate processing apparatus further
comprises substrate manipulation means for canceling support
of the second substrate after the second substrate is
supported to oppose the first substrate supported by the
support means, and the pressing'm«_aans presses the second

10 substrate in synchronismwith cancgl of support of the second
substrate by the substrate manipulation means.

In the substrate processing apparatus, preferably, the
support means substantially horizontally supports the first
substré.te, and the substrate manipulation means

15 substantially horizontally supports the second substrate
above the first substrate and then cancels support of the
second substrate.

According to the present invention, there is also
provided a substrate support apparatus for supporting one

20 of two substrates to be overlaid and brought into contact
with each other, characterized by comprising a support member
contacting a peripheral'portion of one surface of a substrate
to support the substrate.

The substrate support apparatus preferably further

25 comprises chuck means for chucking the substrate on the

support member.
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the dianmeter is preferably, e.g., about 0.2 mm Fig. 18 is a
sectional view show ng the arrangenent of a waf er support apparatus 3
dincluding the wafer support table -15 31 shown in Fig. 16. This wafer
- support apparatus 3 is constructed_gx vacuum chucki ng t he wafer
support table 31 on a base 32. — The base 32 has an annul ar
groove 32a for vacuum chucki ng the wafer support table 31, and a
suction 20 hole 32b for exhausting the gas in the groove 32a. The wafer
support table 31 is chucked by reducing the pressure in the

In the substrate support apparatus, preferably, the
chuck means has an annular groove on a surface of the support
member, and the substrate is chucked by the support member
by reducing a pressure in the groove.

5 In the substrate support appafatus, the support member
preferably has an annular shape.

The substrate support apparatus preferably further
comprises, inside the support member, a deflection
prevention member for preventing deflection of the

10 substrate.

In the substrate support apparatus, the deflection
prevention member preferably supports the substrate
substantially at a central portion thereof, thereby
prevenfiné deflection of the substrate.

15 In the substrate support apparatus, a portion where the
support member is in contact with the substrate and a portion
where the deflection prevention member is in contact with
the substrate are preferably positioned substantially in the
same plane.

20 According to the present invention, there is also
provided a substrate processing method of overlaying two
substrates and bringing the substrates into contact with each
other, - characterized by comprising supporting a first
substrate by a support member contacting a peripheral portion

25 of one surface of the first substrate,_and.pressing'a.second

substrate toward the first substrate, the second substrate
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groove 32a. The suction hol e 32b is connected to a vacuum punp 20

through a pipe 118a having a valve 119a m dway. The base 32 al so
has a suction hole 32c for coupling 25 the suction port 31d communicating
with the | ower surface of the waferssupport table 31 to the vacuum
punp 20 through P -39 -

opposing the first substrate, thereby bringing the first and
second substrates into contact with each other.

In the substrate processing method, preférably, a
support member having a chuck mechanism is used as the support

5 member.

In the substrate processing method, preferably, an
annular support member is used as the support member.

In the substrate processing method, the support member
preferably supports an outermost portion of the first

10 substrate.

In the substrate proces.sing method, the second
substrate is preferably preésed substantially at a central
portion thereof.

In the substrate processing method, the step of pressing

15 the second. subétrate pref.erably comprises bringing a
deflection prevention member formed inside the support
member into contact with the first substrate. |

The above apparatus and method are suitable to
manufacture a SOI substrate.

20 According to the present invention, there is provided
a substrate processing method of overlaying two substrates
and bringing the substrates into contact with each other,
characterized by comprising the steps of transferring first
and second substrates to any one of the above substrate

25 processing apparatuses, overlaying the first and second

substrates and bringing the substrates into contact with each

This is the replacement sheet
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a pi pe 118b having a val ve 119b m dway. When t he wafer support
table 31 is to be nounted on the base 32, the valve 119a is opened.
Vhen the wafer 1 to be, : processed is to be nounted on the wafer
support table 31, 5 the valve 119b is opened The base 32

al so has pin-holes 32d in which the | 0agd" pins used to | oad/ unl oad the
wafer 1 on/fromthe wafer support table 31 are inserted.

The wafer support table 3lis preferably regularly

other by the substrate processing apparatus, and receiving
the substrates in contact with each other from the substrate
processing apparatus.
According to the present invention, there is .also

5 provided a substrate processing method of overlaying two
‘substrates and bringing the substrates into contact with each
other, characterized by comprising the steps of causing any
one of the above substrate support apparatuses to support
a first substrate, opposing a second substrate to the first

10 substrate supported by the substrate support apparatus, and
overlaying tﬁe first substrate and the second substrate and
bringing the substrates into contact with each other.

According to the present invention, there is also
providéd a method of manufacturing a substrate,

15 characterized by comprising the steps of prepéring first and
second substrates, and bringing the first and second
substrates into contact with each other by any one of the
above substrate processing methods.

According to the present invention, there is also

20 provided a method of manufacturing an SOI substrate,
characterized by comprising the steps of préparing first and
second substrates, bringiﬁg the first and second substrates
into cqnté.ct with each other by any one of the above substrate
processing methods to prepare a substrate having a layer in

25 which a single-crystalline Si layer and an insulating layer

are stacked, and separating the substrates which are in
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10 cleaned to renove particles which may adhere to the chuck surface

of the wafer 1. As described above, when the wafer support table 31

i s manufactured by fabricating the silicon waf er used to manufacture
a  sem conduct or device, a commerci al I'y avail abl e wafer carrier can be
used for cleaning. 15 1In this case, t td%eaf er support table 31 can be
accommodat ed in the commercially avail able wafer carrier and cl eaned
usi ng a general wafer cleaning apparatus. Steps in

manuf acturing the wafer support table 31 w il be descri bedbel ow. Fi gs.

19A to 19N ar_ewc%n asc‘:rt]:OWirtl_g. %%Egsother at a portion other than a contact

interface to prepare one of the separated substrates as the
substrate having the single—crystalline Si layer on the
insulating layer. |

5 The present invention has been made in consideration
of the above problemé, and has as its object to provide an
inexpensive substrate support table.

According to the present invention, there is provided
a substrate support table characterized by comprising a

10 member consisting of a silicon material.

According to the present invention, there is also
provided a substrate support table characterized by |
comprising a member formed from a silicon wafer.

The substrate support table preferably comprises a

15 chuck portion for chucking a substrate to be supported.

In the substrate support table, the chuck portion is
preferably formed by lithography.

In the substrate suppoit table, the chuck portion is
preferably formed by etching the silicon wafer.

20 In the substrate support table, the chuck portion is
preferably formed by wet-etching the silicon wafer.

In the substraté support table, the chuck portion
preferably includes sealing portions for vacuum-chucking the
substrate and a suction hole for exhausting a gas in a space

25 defined by the sealing portions.

' In the substrate support table, preferably, the sealing

bedor "o Sl e ey e e e B (R
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20 in manufacturing the wafer support table 31 by applying the

general |ithography technique. An Si wafer 20la for
nmanuf act uri ng -a sem conduct or device, is prepared. As shown in Fig.
19A, a film202a for -formng a mask pattern which is to be used in
etching the 25 Si wafer 20l1a |ater is“Eofnmed on the upper, |ower, and
si de surfaces of the Si wafer 20la. As the material of the film
This is the replacenent sheet
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portions are doubled along inside a periphery of the
substrate to be supported, and the éuction hole communicates
with the space between the doubled sealing portions.
In the substrate support table, the sealing portions
5 preferably project to have a bank shape at the periphery.
In the substrate support table, preferably, in chucking
the substrate, only the sealing portions are brought into
contact with the substrate.
The substrate support table preferably further
10 comprises a deflection prevention portion for preventing the
chucked substrate from deflecting. |
In the substrate support table, the deflection
prevention portion is preferably formed between the sealing
portiofxs.

15 In the substrate support table, preferably, in chucking
the substrate, only the sealing portions and the deflection
prevention portion are brought into contact with the
substrate.

In the substrate support table, the surfaces of the

20 sealing portions and the deflection prevention portion,
which are in contact with the substrate to be supported, are
preferably positioned substantially in the same plane.

In the substrate support table, the chuck portion is
preferably located at a positiox_‘i where a peripheral portion

25 of the substrate to be supported caﬁ be chucked.

In the substrate support table, preferably, a pin hole

. o . . P H
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-40 - 202a, SI2 by thermal oxidation or Si[err]Nerr] by CVDis
preferably used. . Next, as shown in Fig. 19B, a photoresist
film203a is formed on the wafer shown in Fig. 19A 5 The
ptiotoresist film203a is irradiated w t_huqy l'i ght

through which a load pin for vertically moving the sﬁbstrate
to be supported on the substrate support table is inserted
extends through the main body.
The silicon wafer preferably complies with the SEMI
5 standard or the JAIDA standard.
According to the present-invention, there is provided
a substrate processing apparatus for overlaying two
substrates and bringing the substrates into cdﬁtact with each
other, characterized by comprising an attachment/detachment

10 mechanism for attaching/detachiné the substrate support
table, and pressing means for préssing a second substrate
toward a first substrate supported by the attached substrate
support table, the second substrate opposing the first
substrate. .

15 " In the substrate processing apparatus, the pressing
means preferably presses the second substrate substantially
at a central portion thereof.

Preferably, the substrate processing apparatus further
comprises substrate manipulation means for canceling support

20 of the second substrate after the second substrate is
supported to oppose the first substrate supported by the
substrate support table, and the pressing means presses the
second, substrate in synchronism with cancel of support of
the second substrate by the substrate manipulation means.

25 In the substrate proéessing apparatus, preferably, the

substrate support table substantially horizontally supports
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t hrough a photomask (first mask) for formng the sealing portions 3la

and 31b and the deflection prevention portions 3 1c, thereby printing
_a mask pattern. By devel oping the mask . pattern, a patterned
photoresist film203b is forned, as 10 ;shown in Fig. 19C.  Since the
fabrication accuracy in the pl anar rection can be | ower than that
required for a general sem conduct or devi ce, an exposure apparatus
with | ow “accuracy can be used to print the nask pattern. As

shown in Fig. 19D, the film 202a is dry-etched using 15 the photoresist
film203b as a tmslEirdtercRibytespesi agdttee substrate manipulation means

substantially horizontally supports the second substrate
above the first substrate énd then cancels support of the
second substrate.

5 The above substrate support table and the substrate
processing apparatus are suitable to manufacture, e.g., an
SOI substrate.

According to the present invention there is provided

a substrate processing method of overlaying two substrates

10 and bringing the substrates into contact with each other,
characterized by comprising the steps of causing any one of
the above substrate support tables to support a first
substrate, opposing a second substrate to the first substrate
suppofted by the substrate 'support table, and overlaying the

15 first substrate and the second substrate and bringing the
substrates into contact with eaéh other.

According to the present invention, there is also
provided a substrate processihg method of overlaying two
substrates and bringing the substrateé into contact with each

20 other, characterized by comprising the steps of transferring
first and second substrates to any one of the above substrate
processing apparatuses, overlaying the first and second
substrates and bringing the substrates into contact with each
other by the substrate processing apparatus, and receiving

25 the substrates in contact with each other from the substrate

processing apparatus.
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Si wafer 20la. Wth this process, a patterned film202b is

forned on

the Si wafer 20l1a. Next, as shown in Fig. 9E, the _patterned
photoresist film203b is renoved. As shown in Fig. 19F, the
wafer shown in Fig. 19E is 20 etched. this etching, wet etching using
an al kal i solution as anetchanti spr&terable. As the al kalisolution,

a solution of amonia, or an organi c anmoni a- based sol ution can be
used. For exanple, to formsealing portions 3la and 31lb and a

defl ecti on prevention portions 31c having a height

shown in Fig.

10

15

20

25

18, t Ircodd@Eng@ba the gkeBeflt invention, there is also
provided a method of manufacturing an SOI substrate,
characterized by comprising the steps of preparing first and
second substrates, bringing the first and second substrates
into contact with each other by any one of the above substrate
processing methods to prepare.a substrate having a layer in
which a single-crystalline Si layer and an insulating layer

are stacked, and separating the substrates which are in

contact with each other at a portion other than a contact

interface to prepare one of the separated substrates as the
substrate having the singlchrystalline Si layer on the
insulating layer. | |

According to the present invention, there is also
provided a cleaning method characterized by cémprising
cleaning the substrate support table while accommodating the
above substrate support table in a wafer cassette for storing
a wafer for manufacturing a semiconductor device.

According to the present invention, there is also
provided amethod of handling the wafer processing apparatus,

characterized by comprising the steps of detaching the

- substrate support table from the wafer processing apparatus,

cleaning the substrate support table while accommodating the
detached substrate support table in a wafer cassette for
storing a wafer for manufacturing a semiconductor device,
and attaching the cleaned substrate support table in the

wafer processing apparatus.
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to a depth of 50 [err]m ' - 41 -

As shown in Fig. 19G the patterned film 202b is renpved usi ng
hydrofluoric acid. W:th this process, an Si wafer 201b
-15-

According to the present invention, there is also
provided a method of manufacturing a substrate support table,
characterized by comprising the steps of forming an SiQ, £film
to cover an entire silicon wafer, forming a first photoresist

5 £film on one surface of the Si0, film, patterning the first
photoresist film to expose the SiO, film at a portion where
sealing portions for vacuum chucking are to be formed,
etching the SiO, film at the exposed portion to expose the
siliconwafer, removing the remaining first photoresist film,

10 etching the silicon wafer at the exposed portion to a
predetermined depth, forming an SiQ, £ilm to cover the entire
silicon wafer, forming a second photoresist film on the other
surface of the SiO, film, patterning the second photoresist
film to expose the SiO, film at a portion where a suction hole

15 for vacuum chucking is to be formed, etching the $i0, film
at the exposed portion to expose the silicon wafer, removing
the remaining seéond photoresist f£ilm, etching the silicon
wafer at the exposed portion to form the suction hole
extending through the silicon wafer, and removing the

20 remaining Si0O, film.

According to the present invention, ‘there is also
prov_ided amethod of manufa.cturing a substrate support table,
characterized by comprising the steps of férming a first film
to cover an entire silicon wafer, forming a first photoresist

25 film on one surface of the first film, patterning the first

photoresist £ilm to expcse the first film at a portion where
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havi ng sealing portions 31la and 31b and the deflection prevention

portions 31c is forned. 5 Subsequently, as shown in Fig. 19H a
fil m204a for formng a mask pattern which is to be used in etching

1 he- -Si wafer 201b later is fornmed on the -upper, |ower, and side
surfaces of the Si wafer 201b having theléeal i ng portions 3la and 31b
and the defl ection prevention portions 31c. As 10 the material of the
film204a, Si2 by thernmal oxidation or Si3Nd by CVD is preferably
used. A photoresist film205a is forned on the | ower surface

sealing portions for wvacuum chucking are to be formed,
etching the first film at the exposed portion to expose the
silicon wafer, removing the remaining first photoresist film,
etching the silicon wafer at the exposed portion to a
5 predetermined depth, forming a second film to cover the

entire silicon wafer, forming-a second photoresist f£ilm on
the other surface of the second film, patterning the second
photoresist £ilm to expose the second £ilm at a portion where
a suction hole for wvacuum chucking is to be formed, etching

10 the second film at the exposed portion to expose the silicon
wafer, removing the remaining second photoresist £film,
etching the silicon wafer at the exposed portion to form the
suction hole extending through the silicon wafer, and
removirig the remaining second £film.

15 Further object, 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.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view schematically showing the
overall. arrangement of 2 wafer processing apparatus
according to a preferred embodiment of the present invention; |
Fig. 2 is an enlarged view of part of Fig. 1;
25 Fig. 3 is a sectional view showing the arrangement of

a wafer support section of the wafer processing apparatus
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of the wafer shown in Fig. 191 (surface on the opposite side . of the
surface having the sealing portions 3la and 31b and 15 the deflection

prevention portions 31c). The photoresist film205a is
irradiated with UV light - t hrough a ;Otonask (second mask) for formng
a suction port 31d and pin holes 31le;"thereby printing the mask
pattern. By devel oping the nask pattern, a photoresist film205b 20
having a hole 211 for formng a suction port 31d and hol es 212 for
formng pin holes 3le are formed, as shown in Fig. 19J. As shown

in Fig. 19K thedid M2@4@sl.s 1dayagebched usi ng
Fig. 4 is a view showing a state wherein two wafers are
brought into contact on the wafer support section shown in
Fig. 3;
5 Figs. 5 to 9 are sectional views of the wafer processing
apparatus shown in Figs. 1 and 2 taken along a line A - A*;
~Fig. 10 is a block diagram showing the arrangement of
the control system of the wafer processing.apparatus;
Fig. 11 is a flow chart showing the control procedure
10 based on a program;
Fig. 12 is a sectional view shdwing thé structure of
a wafer support table according to the second embodiment:
Figs. 13A to 13F are views showing steps in
manufaéturing a wafer having, e.g., an SOI sfructure;
15 Figs. 14A and 14B are schematic views showing steps in
bonding wafers;
Fig. 15 is a view showing an example of a jig for
overlaying two wafers while positioning them;
Fig. 16 is aplan view showing the arrangement of a wafer
20 support table according to the third embodiment of the
present invention;
Fig. 17 is a sectional view of part of the wafer support
table shown in Fig. 16;
Fig. 18 is a sectional view showing the arrangement of
25 a wafer support apparatus including the wafer support table

shown in Fig. 16;




the photoresist film205b as a mask, thereby exposing the S waf er

201b. Wth this process, a patterned photoresist 25 filnR04b isfornedon
t he :Si waf er 201b.  Asshown i nFi g. 19L, the patterned photoresist film
" 204b is renoved. 8

Figs. 19A to 19N are views showing steps in
manufacturing the wafer support table;
Fig. 20 is a view showing a state wherein two wafers
are brought into contact using the wafer support apparatus;
5 Fig. 21 is aperspective view schematically showing the
overall arrangement of a wafer processing appé.ratus;
Fig. 22 is an enlarged view of part of Fig. 21;
Figs. 23 to 27 are sectional views of the wafer
processing apparatus shown in Figs. 21 and 22 taken along
10 a line A - A‘; |
Fig. 28 is a block diagrém s;howing the arrangement of
the control system of the wafer processing apparatus; and
Fig. 29 is a flow chart showing the control procedure

of based on a program.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be
described below with reference to the accompanying drawings.
[First Embodiment]
20 Fig. 1 is a perspective view schematically showing the

overall arrangement of a wafer processing apparatus
according to the first embodiment. Fig. 2 is an enlarged
view of part of Fig. 1. Fig. 3 is a sectional view showing
the arrangement of a wafer support section of a wafer

25 processing apparaﬁus 100 shown in Figs. 1 and 2. Fig. 4 is

a view showing a state wherein two wafers are brought into
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As shown in Fig. 19M the wafer shown in Fig. 19L is etched until a

suction port 31d-and pin holes 31le are forned. As this etching, wet
etching using an al kali solution as an . etchant is preferable. As the
al kali solution, a solution 5 of a BLa, or an organi ¢ ammoni a- based
sol ution can be used. Finarpar as shown in Fig; 19N, the
patterned phot oresi st film 204b is renoved using hydrofluoric acid,

t hus conpleti'ng the wafer support table 31. In the resultant

waf er support table 31, the surface 10 of the wafer 20la as the material
directly servesoamsatheon the wafer support section shown in Fig. 3.

Figs. 5 to 9 are sectional views showing the wafer processing
apparatus 100 show in Figs. 1 and 2 taken along a line A - A"'.
Figs. 5 to 9 show the operation of bringing two wafé.rs into
5 contact.

The wafer processing apparatus 100 overlays two wafers
and brings them into contact and is suitably used to practice
a methdd of bonding two wafers to manufacture a wafer having,
e.g., an SOI structure.

10 'The wafer processing apparatus 100 has a wéfer support
table 3 for supporting a first wafer 1 (Fig. 4) from its lower
surface, and a wafer moving mechanism 4 for chucking a seéond
wafer 2 (Fig. 4) from its lower surface and making the second
wafer 2 oppose almost parallel to the first wafer 1.

15 The wafer support table 3 preferably has a contact
surface which comes into contact with only the peripheral
portion (and more preferably with the outermost portion) of
the lower surface of the first wafer 1. The contact surface
is preferably annular. When the wafer support table 3 comes

20 into contact with only the lower surface of the first wafer
1, the upper surface of the first wafer 1 can be prevented
from being contaminated by particles, and additionally,
damage to the first wafer 1 can also be prevented.
Furthermore, when the wafer support table 3 comes in;o

25 contact with only the peripheral portion or part of the lower

surface of the first wafer 1, unevenness on the first wafer
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sealing portions 3la and 31b and the deflection prevention portions

31lc. Consequently, when the wafer support table 31 I s manuf actured
usi ng .the wafer 20l1a havi ng sufficient surface planarity, the surface
need not be processed after 15 the phqQtoresist film203a is renoved.

As descri bed above, the wafer support {4Dfe 31 according to this
enbodi nent can be easily manufactured at | ow cost. For exanpl e, when
particles adhere to the wafer support table 31, and the particles can

hardly be renmoved by cleaning, the 20 wafer support table can be
exchanged wi th) agebher d8f& the wafer support table 3 due to particles

which may adhere to the wafer support table 3 or the lower
surface of the first wafer 1 can be prevented.
The wafer suppoft téble 3 preferably has a chuck
5 mechanism for chucking the first wafer 1. In this embodiment,
the wafer support table 3 has a vacuum chuck mechanism.
However, another chuck mechanism such as an electrostatic
chuck mechanism may be employed. |
The wafer moving mechanism- 4 preferably comes into

10 contact with only the lower surface of the second wafer 2.
In this embodiment, the wafer'moving mechanism 4 has a groove
4a for vacuum-chucking the wéfer. To chuck the second wafer
2, the pressure in the groove 4a is reduced. With the lower
surface of the second wafer 2 chucked by awafer chuck portion

15 4c, the wafer moving mechanism 4 pivots about a shaft 4b
through about 180° to make the second wafer 2 oppose almost
parallel to the first wafer 1. The shaft 4b is located near
the middle position between the wafer support table 3 and
the wafer chuck portion 4c.

20 The wafer processing apparatus 100 also has, as a
mechanism for adjusting the gap between the two wafers 1 and
2 opposing each other, a displacement detection section 15
for measuring the thickness of the first wafer 1 mounted on
the wafer support table 3, a displacement detection section

25 12 for measuring the thickness of the second wafer 2 chucked

by the wafer chuck portion 4c, and a Z-axis stage 5 (Fig. 5)
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support table 31 at | ow cost. The above wafer support apparatus
3 is suitably used to support one of two wafers to be overlaid and
brought into contact-with each other. An apparatus andnmet hod of
bringing 25 first and second wafers info contact with each other by
pressing the | ower surface of the seconti_jx\hfer while the first

-43 -

for vertically amoving the wafer support table 3 on the basis
of the measurement results from the displacement detection
sections 12 and 15 to adjust the gap between the wafers 1
and 2 to a set value. |
5 The wafer processing apparatus 100 also has a press

mechanism 6 for pressing the upper _wafer 2 near its central
portion while the two wafers 1 and 2 are supported to be |
opposite to each other. Apress pin 6a of the press mechanism
6 pivots about a shaft 6b to be tlose to the lower surface

10 of the upper wafer 2 after the twowafers 1 and 2 are supported
to be opposj.t:e to each other. When the wafer chuck portion
4c of the wafer moving mechanism 4 cancels chucking of the
upper wafer 2, the press mechanism 6 presses the upper wafer
2 by pfessing the press pin 6a against the lower surface of

15 the wafer 2. The two wafers 1 and 2 gradually come into
contact with each other outward from the pressed portion,
and accordingly, the gas between fhe wafers 1 and 2 is expelled
outward. Consequently, nogas remains entrapped between the
wafers 1 and 2.

20 The wafer 2 iS preferably pressed by the press pin 6a
almost simultaneously with cancel of chucicing of the wafer
2 by the wafer chuck portion 4c. In this case, pressing can
be started while maintaining the gap between the two wafers
1l and 2, which is adjusted to the set value. This uniforms

25 the quality of the wafer obtained by bringing the two wafers
into contact. Inaddition, gas entrapment between the wafers
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wafer is supported by the wafer support apparatus 3 to oppose t he
second wafer will be described-bel ow. These apparatus and net hod are
suitably used to practice the nmethod of bonding two wafers to :
manuf acture a wafer having, e.g., an SO __'5 structure. Fig. 20
Is a view show ng a state wherein two wa'fﬁr's are brought into contace’
with each other using the wafer support apparatus 3. To bring the two
wafers into contact _

1 and 2 can be more effectively prevented. Furthermore,
shift of the wafers 1 and 2 can be prevented.

The press mechanism 6 incorporates a vibrator (e.g.,
a piezoelectric element) for vibrating the press pin-6a. By

5 vibrating the press pin 6a which is pressing the wafer 2,
the gas between the wafers 1 and 2 canbe efficiently removed.

Pressing the wafer 2 by the press pin 6a may be
controlled at another timing. For exaﬁtple, préssing may be
performed at a predetermined timing before a predetermined

10 amount of gas between the wafers 1 and 2 is removed after
chucking of the wafer 2 is canceled, at a timing upon counting
a predetermined time after chuck of the wafer 2 is canceled,
or at a predetermined timing after chucking of the wafer 2
is canceled and before the distance between the wafers 1 and

15 2 becomes a predetermined distance or less due to the weight
of the wafer 2.

The wafer processing apparatus 100 also has a wafer
transfer robot 10 for setting the wafers 1 and 2 on the wafer
support table 3 and the wafer chuck portion 4c, réspectively,

20 and receiving the wafers in contact with each other from the
wafer support table 3, and a wafer alignment section 11.

In this wafer processing apparatus 100, before the start
of wafer contact processing, wafer cassettes 7 and 8 storing
wafers 1 _ahd 2 which have not been processed yet, and a wafer

25 cassette 9 for storing processed wafers are set at
predetermined positions. In this embodiment, wafers 1 and
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wi th each other, the first wafer 1 is chucked on the wafer 10 support

table 31, and then, the second wafer 2 is set to oppose the first
wafer 1. In this state, the |ower surface of the - second wafer 2 is
pressed near its central -portion by a prgss pin 6a. First, the wafers
1 and 2 come into contact at the "&ntral portion first. The contact
portion gradually 15 expands outward, and finally, the entire surfaces of
t he wafers 1 and 2 are conpletely in contact with each ot her.
According to this nmethod, the two wafers can be brought into cont act

W th each ot hep whibeWHadeEavitnBedn pritediidwgen dhe stored in the wafer
cassettes 7 and 8, respectively, while having the lowér
surfaces facing down.

When the start of wafer contact processing is instructed

5 with an operation switch l6bona contrbl panel 16, the wafer

transfer robot 10 chucks the lower surface of an unprocessed

wafer 1 stored in the wafer cassette 7, and transfers the
wafer 1 to the wafer alignment section 11. The wafer
alignment section 11 detects the central position and

10 direction (e.g., the orientation flat and notch position)
- of the transferred wafer 1 using a sensor and adjusts the
central position and direction. Thewafer alignment section
11 preferably comes into contact with only the lower surface
of the wafer 1.

15 After this, the wafer transfer robot 10 receives the
aligned wafer 1 and sets it at a predetermined position on
load pins 13 which project from the wafer support table 3
through load pin holes 3e. After the wafer 1 ié mounted on
the load pins 13, the wafer support table 3 moves upward,

20 so the wafer 1 is supported by the wafer support table 3.
Since the wafer 1 has already been aligned by the wafer
alig'nme,nt: section 11 and transferred to the wafer support
table 3 while maintaining its positional relationship, the
central position and direction of the wafer 1 need not be

25 adjusted again on the wafer support table 3. However,

alignment of the wafer 1 may be performed on the wafer support
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two wafers 1 and 2. 20 When the wafer support table 3 is to be
applied to bring two wafers into contact with each other, the chuck
portion of the wafer support table 3, -which is nade up of the sealing
- portions 3la and 31b, is preferably broyght into contact only with the
peri pheral portion (and nore preferably~the 25 outernobst portion) of the
first wafer 1. The chuck portion Is preferably annular. As described
above, the wafer support

table 3.

Next, the wafer transfer robot 10 extracts an
unprocessed wafer 2 from the wafer cassette 8. With the same
procedurés as described above, the wafer alignment section

5 11 adjusts the central position and direction of the wafer
2, and then, the wafer 2 is set at a predetermined position
on load pins 14 which project from the wafer chuck portion
4c of the wafer moving mechanism 4. After the wafer 2 is
mounted on the load pins 14, the wafer chuck portion 4c pivots

10 about the shaft 4buntil the wafer éhuck portion 4c contacts
the lower surface of the wafer 2. 'fhe pressure in the groove
4a is reduced, so the wafer 2 is chucked by the wafer chuck
portion 4c. Asdescribed above, since the wafer 2 has already
been aligned by the wafer aiignment section 11 and chucked
15 Dby the wafer chuck portion 4c while maintaining its
positional relationship, ﬁhe central position and direction
of the wafer 2 need not be adjusted again in chucking. In
chucking the wafer 2, the load pins 14 may be retracted
downward instead of pivoting the wafer chuck portion 4c.
20 While the wafers 1 and 2 are being supported by the wafer
support table 3 and the wafer chuck portion 4c, respecti(rely,
the displacement detection sections 15 and 12 measure the
thicknesses of the wafers 1 and 2. More specifically, the
displacement detection sections 15 and 12 move sensors 15a
25 and 12a close to the upper portions of the wafers 1 and 2,

irradiate the wafers 1 and 2 with light, and measure the
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-44 - table 3 preferably has the defl ection prevention portions
31c. The deflection prevention portions 31c are preferably f or med
bet ween the sealing portions 3la and 31b. Wen the waf er support
‘table 3 comes into contact only with the & wer 5 surface of the first
waf er, the surface of the first wafer "Z 71 can be prevented from bei ng
contam nated by particles. In

thicknesses of the wafers 1 and 2 on the basis of the reflected
light, respectively.
when measurement of the thicknesses of the wafers 1 and
2 is ended, the wafer chuck portion 4c pivots about the shaft
5 4b through about 180° to make the wafer 2 oppose almost
parallel to the wafer 1, as described above. After this, the
gap between the wafers 1 and 2 is adjusted by the Z-axis stage
5, and the wafer 2 is pressed by the press pin 6a, thus
completing contact processing. -

10 When contact processing is ended, the wafer support
table 3 is moved downward by the Z-axis stage 5, and the
processed wafers are supported by the load pins 13. After
this, the wafer transfer robot 10 receives the processed
wafers and stores them in the wafer cassette 9.

15 | By repeatedly éxecuting the above procedure, a
plurality of wafers stored in the wafer cassettes 7 and 8
can be continuously processed.

The arrangement of the wafer support table 3 will be
described next. The wafer support table 3 has a circular

20 central portion 3¢ and an annular peripheral portion 3d. Two
chuck grooves 3a and 3b are formed in the chuck surface of
the peripheral portion 3d (surface where the wafer 1 is
chucked) to vacuum-chuck the wafer 1.

The chuck grooves 3a and 3b communicate with a suction

25 Thole 18awhich is coupled toapipe 18 having a valve 19 midway.

A vacuum pump 20 is connected to one end of the pipe 18. Wafer
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addi tion, danmage to the edge portion of the first wafer 1 can be

prevented. Furthernore, when the wafer support table 3 cones into
contact. only with the peripheral portion as part 10 of the |ower surface
of ‘the first wafer, unevenness on the first wafer 1 supported on the
waf er support table 3 due to partF&Eés whi ch may adhere to the wafer
support table 3 or the I ower surface of the first wafer 1 can be
prevent ed. . A waf er processing apparatus incorporating the wafer
15 support apparatus 3 will be described next. Fig. 21 is a

perspective vi ephgeReAgt bgathy hewk grddikes 3a and 3b can be controlled
by opening or closing the valve 19.
When the wafer 2 is to be pressed by the press pin 6a,
the valve 19 is opened to lower the pressure in the chuck
5 grooves 3a and 3b, thereby chucking the wafer 1. When the
wafer 1 is chucked by the chuck grooves 3a and 3b formed in
the surface of the peripheral portion 3d with a f£lat surface,
the first wafer 1 is corrected to be nearly flat.
In this state, the wafer 2. is pressed at its central
10 portion, as shown in Fig. 4. First, the central portions of
the two wafers 1 and 2 come into contact, and then, the contact
portion gradually expands ou;cward. At this time, the contact
portion expands in all directions almost at a constant speed.
The operation of the wafer processing apparatus 100 in
15 bringing two wafers into contact will be described next with
reference to Figs. 5 to 9.
When the wafers 1 and 2 are mounted on the load pins
13 and 14 by the wafer transfer robot 10, respectively, the
Z-axis stage 5 moves the wafer support table 3 upward to a
20 predetermined position at which the wafer 1 is supported,
and the wafer moving mechanism 4 pivots the wafer chuck
portion 4c about the shaft 4b to a predetermined position
at which the wafer 2 can be chucked, as shown in Fig. 5.
Next, as shown in Fig. 6, the sensors 15a and 12a of
25 the displacement detection sections 15 and 12 move onto the

wafers 1 and 2 to measure the thicknesses of the wafers 1



overall arrangenent of the wafer processi'ng appar at us according to the

third enbodinment. Fig. 22 is an enl arged view of part of Fig. 21.
Figs. 23 to 27 are sectional views 20 of a wafer processing apparatus
1000°shown in Figs. 21 and * 22 taken _along aline A- A. Figs. 23 to
27 show t he operation of bringing f# ™wafers into contact.

Thi s wafer processing apparatus 1000 conti nuously overl ays and
contacts two wafers, and is conveniently used 25 to practice the nethod
of bonding two wafers to manufacture a wafer having, e.g.', and SO
structure.

and 2, respectively. After the thicknesses of the wafers 1
and 2 are measured, the sensors 15a and 12a return to the
initial positions shown in Fig. 5.
As shown in Fig. 7, the wafer moving mechanism 4 pivots
5 the wafer chuck portion 4c about the shaft 4b through around
180° to make the wafers 1 and 2 .opposite to each other almost
in the horizontal direction. The height of the wafer support
table 3 is adjusted by the Z-axis stage 5 on the basis of
the measured ﬁhicknesses of the-wafers 1 and 2 to set the
10 gap between the wafers 1 and 2 at a set value.l The gap is
preferably 20 to 100 um at the central portion of the wafers
and, more preferably, 30 to 60 um. The wafer processing
apparatus 100 opens the valwve 19 so that the peripheral
portion of the lower surface of the wafer 1 is chucked by
15 the chuck surface of the peripheral portion 34 of the wafer
support table 3. With this operation, the wafer 1 is
corrected to be almost flat.
As shown in Fig. 8, the press pin 6a is pivoted about
the shaft 6b to be close to the lower surface of the wafer
20 2 (e.g., aposition at which the press pin 6a is substantially
in contact with the lower surface'of'the‘wafer 2).
Subsequently, as shom in Fig. 9, the lqwer surface of
the wafef 2 is pressed by the press pin 6a when chucking of
the wafer 2 by the wafer chuck portion 4c is canceled. The
25 wafers 1 and 2 gradually come into contact with each other

outward from the central portion, and finally, the entire

This is the replacement sheet

Date: 1 [ MAR 100§



- 45- The waf er processing apparatus 1000 has the wafer
support apparatus 3 for supporting the first wafer 1 (Fig. 20) from
its lower surface, .and a wafer noving . mechani sm 4 for chucking the
-second wafer 2 (Fig. 20) from 28. :

surfaces are in contact v}ith each other.

After the press mechanism 6 is retﬁrne,d to the initial
state (state shown in Fig. 5), the wafer chuck portion 4c
is returned to the initial state (state shown in Fig. 5).

5 fThe valve 19 is closed to set the interior of the chuck groove
3a to the atmospheric pressure (chucking of the wafer 1 is
canceled), and then, the wafer support table 3 is moved
downward, so that the wafers in contact with each other are
supported by the load pins 13. -In this state, the wafer

10 transfer robot 10 chucks the lower surface of the wafers in
contact with each other, transfers them to the wafer cassette
9, and stores them in the wafer cassette 9. |

Fig. 10 is a block diagram showing the arrangemént of

the control system of the wafer processing apparatus 100.
15 A control section 17 controls the wafer transfer robot 10,

the wafer alignment section 11, the displacement detection

sections 12 and 15, the Z-axis stage 5, the wafer moving

mechanism 4, the press mechanism 6, the banel section 16,

and a valve control section 19a by a CPU 17a which operates
20 on the basis of a program 17b.

Fig. 11 is a flow chart showing the control procedure
based on the program 17b. The operation of the control system
of the wafer processing apparatus 100 will be described with
reference to the flow chart.

25 When the start of contact processing is instructed by

operating the operation switch 16b, constituent elements

This is the replacement sheef

—

i p
ST g
AR N Ay |



5 its lower surface and nmaking the second wafer 2 oppose al npst

parallel to the first wafer 1. . As descri bed above, the wafer
support apparatus 3 is built by nounting the wafer support table 31 on
t he base 32 and openi ng the val ve %éﬁg to chuck the wafer support
table 10 31 on the base 32. e waf er noving nmechani sm 4
preferably cones into contact only with the | ower surface of the
second wafer 2. In this enbodi ment, the wafer noving nechani sm4 has a
groove 4a for vacuum chucking the wafer. To chuck the second wafer

10

15

20

25

connected to the control section 17 are initialized in step

S101. In this initialization step, the presence and

positions of the wafer cassettes 7, 8, and 9 are also confirmed.

If preparation is not complete, this is indicated on a display
panél l6a to warn the operator.

In step S102, a wafer 1 stored in the wafer cassette
7 is chucked by controlling the wafer transfer robot 10. 1In
step S103, the chucked wafer 1 is transferred to the wafer
alignment section 11 and aligned {central position and

direction). In step S104, the wafer 1 is set at a

' predetermined position on the load pins 13 projecting from

the wafer support table 3 by controlling the wafer transfer
robot 10. The wafer support table 3 is moved upward to a
predetermined position by controlling the Z-axis stage 5.

In step S105, a wafer 2 stored in the wafer éassette
8 is chucked by controlling the wafer transfer robot 10. In
step S106, the wafer 2 is transferred to the wafer alignment
section 11 and aligned (central position and direétion) . In
step S107, the wafer 2 is set at a predetermined position
on the load pins 14 projecting from the wafer chuck portion
4c by controlling the wafer transfer robot 10. The wafer
chuck portion 4c is pivoted about the shaft 4b through a
predetermined angle by controlling a pivoting motor 4d of
the wafer moving mechanism 4, so the wafer 2 is chucked by
the wafer chuck portion 4c.

In step S108, the sensor 1l5a is moved to a predetermined




15 2, the pressure in the groove 4a is reduced. Wth the | ower

surface of the second wafer 2 chucked by a wafer chuck portion . 4c, the
waf er novi ng nmechani sm 4 pivots about a shaft 4b t'hrough about
-180[err] to nmake the second wafer 2 oppgg&_alnnst parallel to the
first wafer 1. The shaft 4b is located near 20 the mddl e position

bet ween the wafer support apparatus 3 and the wafer chuck portion 4c.
The waf er processing apparatus 1000 al so has, as a mechani sm f or

adj usting the gap between the two wafers 1 and 2 facing each other, a

di spl acenent deicttiom sACthO wa¥erf Dby controlling a driving section 15b
of the displacemént detection section 15, so the thickness
of the wafer 1 is measured by the sensor 15a.

In step S109, the sensor 12a is moved to a predetermined
5 position on the wafer 2 by controlling a driving section 12b
of the displacement detection-section 12, so the thickness
of the wafer 2 is measured by the sensor 1l2a.
In step $110, the wafer chuck porﬁion 4c is pivoted about
the shaft 4b through about 180° by controlling the pivoting

10 motor 4d of the wafer moving mechaﬁism 4 to make the wafers
1 and 2 opposite to each other aimost in the horizontal
direction. |

In step S111, data for adjusting the gap between thé
wafers 1 and 2 to a set val;.le is prepared on the basis of

15 the measurement result of the thicknesses of the wafers 1
and 2. The Z-axis stage 5 is controlled on the basis of the
data to adjust the gap between the wafers 1 and 2.

In step S112, the valve control section 19a opens the
valve 19, so the first wafer 1 is chucked by the wafer support

20 table 3.

In step S113, the press pin 6a is pivoted about the shaft

6b by controlling a pivoting motor 6d of the press mechanism

6 until the distal end portion of the press pin 6a roughly
contacts the lower surface of the wafer 2.

25 In step S114, chucking of the wafer 2 by the wafer chuck

portion 4c is canceled. In step S115, the pivoting motor 6d
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25 nmeasuring the thickness of the first wafer 1 nount ed on the waf er
support apparatus-3, a displacenment detection section
-46 - 12 for measuring the thickness of the second wafer 2 chucked

'by the wafer chuck portion 4c, and a Z-_a§<1i_s stage 5 (Fig. 23)

and a vibrator 6c of the.press mechanism 6 are controlled
to press the press pin 6a against the lower surface of the
wafer 2 and simultaneously vibrate the press pin 6a. When
step S115 is executed immediately after step S114,.cancel

5 of chucking of the wafer 2 and pressing can be performed almost
simultaneously. Pressing may-be started after step S114,
e.g., after a predetermined time is counted.

When the wafers 1 and 2 are completely in contact with

each other, the pivoting motor 64 of the press mechanism 6

10 is controlled to return the press pin 6a to the initial
position in step S116. 1In step S117, the pivoting motor 44
of the wafer moving mechanism 4 is controlied to return -the
wafer chuck portion 4c to the initial position.

In step S118, the valve 19 is closed to return the

15 interior of the chuck grooves 3a and 3b to the atmospheric
pressure, thereby canceling chucking of thewafer 1. Instep
S119, the Z-axis stage 5 is controlled to move the wafer
support table 3 downward to the initial state. With this
operation, the wafers in contact with each other are

20 supported by the load pins 13.

In step S120, the wafer transfer robot 10 is controlled
to transfer the wafers in contact with each other to the wafer
cassette 9 and store them in the wafer cassette 9.

In step S121, it is determined whether contact

25 processing has been performed for all wafers stored in the

wafer cassettes 7 and 8. If wafers which have not been
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for vertically noving the wafer support apparatus 3 on the basi s of
the nmeasurenent results fromthe displacenent 5 detection sections 12
and 15 .to adjust the gap between the wafers 1 and 2 to a set val ue.
The wafer processing apparatus 1000 al sa,has a press mechani sm 6 for
pressing the upper wafer 2 near its centXal portion while the two
wafers 1 and 2 are supported to be 10 opposite to each other. A press
pin 6a of the press nmechani sm 6 pivots about a shaft 6b to be cl ose
to the | ower surface of the upper wafer 2 after the two wafers 1 and

2 are supportegrocessed yet remain, the flow returns to step $102 to repeat
the processing. If it is determined that contact processing
has been performed for all wafers, the series of processing
operations are ended. At this time, the operator is

5 preferably notified of the end of processing by an indication
on the display panel l6a or a.- buzzer sound.

As described above, according to the wafer processing
apparatus 100, 1) since pressing is started in synchronism
with cancel of chucking of the upper wafer 2, the gas between

10 the wafers 1 and 2 can be properly removed outward, 2) since
the upper wafer 2 does not slidé when the wafers 1 and 2 oppose
each other, the two wafers 1 énd 2 can be properly positioned,
3) since the gap between the wafers 1 and 2 can be adjusted
to an appropriate distance, the quality of the manufactured

15 wafer can be uniformed, and the wafers 1 and 2 need not be
classified in advance, 4) the surfaces of the wafers 1 and
2 can be prevented from being contaminated by particles, 5)
damage to the peripheral portions of the wafers can be
prevented, and 6) gas entrapment between the wafers can be

20 decreased by vibrating the wafers during pressing.

In addition, according to the wafer processing
apparatus 100, only the pe;ipheral portion 3d of the wafer
support table 3 comes into contact with the lower surface
of the first wafer 1. For this reason, even when particles

25 adhere to the central portion 3c of the wafer support table

3 or the central portion of the lower surface of the first




to be opposite to each other. \Wen the waf er chuck portion 4c of the
waf er novi ng nmechani sm 4 cancel s chucking of the 15 upper wafer 2, the

press mechani sm 6 presses -the upper wafer 2 by pressing the press pin
6a agai nst the | ower surface of t wafer 2. The two wafers 1 and 2
gradual ly cone into contact with '@ch other outward fromthe pressed
portion, and accordingly, the gas between the wafers 1 and 2 is
expelled 20 outward. As a consequence, no gas remnai ns entrapped between
the wafers 1 and 2. The wafer 2 is preferably pressed by the

press pin 6a wafer 1, the first wafer can be supported in an almost flat
state. In other words, unevenness on the supported wafer 1
due to particles which may adhere to the central portion of
the wafer support table or the first wafer can be prevented.
5 Therefore, when the two wafers are brought into contact with
each other, gas entrapment between the wafers can be
effectively prevented.
[Second Embodiment]
In the second embodiment, the structure of the wafer
10 support table 3 of the wafer processing apparatus 100
according to the first embodiment is modified. The
arrangement of members other than the wafer support table
is ﬁhe same as in the firstlembodiment. Fig. 12 is a
sectional view showing the structure of a wafer support table
15 3' according to the second embodiment. The wafer support
table 3' is particularly suitable to bring large-diameter
wafers into contact with each other.
The wafer support table 3' of the second embodiment has,
near its central portion, a deflection prevention portion
20 3_f for preventing a wafer 1 from deflecting due to its weight
or pressing by a press pin 6a. That table bortion.where the
deflection prevention portion 3f comes in contact with the
first wafer 1 and that table portion where a peripheral
portion 3b comes in contact with the first wafer 1 are
25 preferably substantially positioned in the same'plané. In

the example shown in Fig. 12, the portion where the
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al nost sinmul taneously with cancel of chucking of the wafer 2 by the
waf er chuck portion 4c. In this case, pressing can 25 be started while

mai nt ai ni ng the gap between the two wafers 1 and 2, which is adjusted
to the set value. This uniforns '4' :
This is the replacenent sheet -34- -47 -

defiection prevention portion 3f comes in contact with the
wafer has an annular shape. 2Another shape (e.g., a matrix
or needlepoint array) may be employed. The wafer support
table 3' can be manufactured by, e.g., lapping.

5 The deflection prevention portion 3f is preferably
located near the center of the wafer support table 3'.
However, even when the deflection prevention portion 3f is
located at an arbitrary position in a central portion 3c,
the same effect as described abeove can be obtained.

10 As described above, when the deflection prevention
portion 3f is used, the first wafer 1 can be prevented from
deflecting, and the influence of particles can be redﬁced,
as in the first embodiment.

[Application Example of Wafer Processing Apparatus]

15 An application example of the wafer processing
apparatus according to the first or second embodiment will
be described below. Figs. 13A to 13F are views showing steps
in manufacturing a wafer having, e.g., an SOI structure.

A single-crystalline Si wafer 501 for forming the first

20 wafer 1 is prepared. A porous Si layer 502 is formed on a
major surface of the single-crystalline Si wafer 501
(Fig. 13A). At least one non-porous layer 503 is formed on
the porous Si layer 502 (Fig. 13B). As the non-porous layer
503, a single-crystalline Si layer, a polycrystalline Si

25 layer, an amorphous Si layer, a metal layer, a semiconductor

compound layer, or a superconductor layer is suitable. A
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the quality of the wafer obtained by bringing the two wafers . into
contact. In addition, gas entrapnent between the wafers 1 and 2 can be
nore effectively prevented. Furthernore, shift of the wafers 1 and 2
can be prevented. 5 - The press ne_qga_ni sm 6 incorporates a vibrator
(e.qg., a piezoelectric elenent) for—vibrating the press pin 6a. By
vibrating the press pin 6a which is pressing the wafer 2, the gas
between the wafers 1 and 2 can be efficiently renoved. Pressi ng
the wafer 2 by the press pin 6a nay be

device such as a MOSFET may be formed on the non-porous layer

503.
An SiO, layer 504 is formed on the non-porous layer 503
to obtain a first wafer 1 (Fig. 13C). The first wafer 1 with
5 the Si0O, layer 504 facing up is stored in a wafer cassette
7.
A second wafer 2 is prepared. The second wafer 2 with
its surface facing up is stored in a wafer cassette 8.
The wafer shown in Fig. 13C-may be stored in the wafer
10 cassette 8 as the second wafer while another wafer may be
‘stored in the wafer cassette 7 as the first wafer. In this
case, the wafer shown in Fig. 13C is transferred to the wafer
support table 3, and another wafer is transferred to a wafer
moving mechanism 4.

15 In this state, the wafer processing apparatus is
operated. The first wafer 1 and the second wafer 2 come into
contact with each other while sandwiching the Si0, layer 504
(Fig. 13D), and stored in a wafer cassette 9.

The wafers in contact with each other (Fig. 13D) may

20 be subjected to anode bonding, pressing, or heat treatment,
as needed, or these procéssing operations may be combined
to firmly bond ﬁhe wafers.

As the second wafer 2, an Si wafer, an Si wafer with
an Si0, layer formed thereon, a transparent wafer consisting

25 of silica glass, or a sapphire wafer is suitably used.

However, any other wafer can be used as the second wafer 2
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10 controlled at another timng. For exanple, pressing may be

perfornmed at a predeterm ned timng before a predeterm ned anount of
gas between the wafers 1 and 2 is renoved after chucki ng of the wafer

- 2"is canceled, at a tinming upon couhtiggﬁ_ a predeternmned tine after
chuck of the wafer 2 is canceled, 15 of at a predetermned timng after
chucki ng of the wafer 2 I s cancel ed and before the di stance between
the wafers 1-and 2 beconmes a predeterm ned di stance or | ess due to the
wei ght of the wafer 2. The waf er processing apparatus 1000

also has a wafgl g4y as it has a sufficiently flat surface to be bonded.

Next, the first wafer 1 is removed from the second wafer
2 to expose the porous Si layer 502 (Fig. 13E). The porous
Si layer 502 is selectively etched and removed. Fig. 13F

5 schematically shows the wafer obtained by the above
manufacturing method. -

According to this manufa;turing method, the two wafers
are brought into contact with each other while appropriately
removing any gas between the wafers, so a high-quality wafer

10 can be manufactured.

According to the present invention, substrates can be
brought into contact with each other at high quality without
leaving any gas entrapped.

[Third Embodiment]

15 Fig. 16 isaplanview showirig the arrangement of a wafer
(substrate) support table 31 according to the third
embodiment of the present invention.

The wafer support table 31 can be manufactured by
fabricating a generally commercially available silicon wafer,

20 e.g., a silicon wafer for manufacturing a semiconductor
device complying with the SEMI standard or JAIDA standard.
A wafer.used to manufacture a semiconductor device has high
surface planarity. For this reason, when the surface is used
as a chuck surface for chucking a wafer to be supported, a

25 high-precision wafer support tab_lé can be easily

manufactured. Hence. awafer support table excellent inmass
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20 transfer robot 10 for setting the wafers 1 and 2 on the wafer

support apparatus’3 and the wafer chuck portion 4c, respectively, and
.receiving the wafers in contact with each. ot her fromthe wafer support
~apparatus 3, and a wafer al'i gnment_ggection 11. 25 In this
waf er processi ng apparatus 1000, before e start of wafer contact
processing, wafer cassettes 7 and 8

productivity and cost can be obtained.

For example, the general lithography technique can be
employed to fabricate the silicon wafer. Since a pattern can
be formed at an accuracy of, e.g., submicron order,

5 1lithography is applicable to manufacture the wafer support
table according to the third -embodiment.

The wafer support table 31 has two bank—shaped. sealing
portions 31la and 31b and a suction port 31d. The gas in the
space defined by the two sealing portions 3la and 31b and

10 the wafer to be chucked and supported is exhausted through
the suction port 31d, thereby chucking the wafer.

On the wafer support table 31, a number of pin-shaped
deflection prevention portions 31lc is formed between the
sealiﬁg portions.3la and 31b tb prevent the chucked wafer

15 from deflecting upon reducing the pressure between the two
sealing portions 3la and 31b. In this embodiment, the
deflection prevention portions 31c are formed only between
the sealing portions 3la and 31b. However, the deflection
prevention portions 31c may be formed at the central portion.

20 As the surfaces of the sealing portions 31la and 31b and
the deflection preventicn portions 31c which come in contact
with the object to be chucked, the surface of the silicon
wafer as the material of the wafer support table 31 is directly
used.

25 The wafer support table 31 has pin holes 3le in which

1load pins (to be described later) used to load/unload the
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-48 - storing unprocessed wafers 1 and 2, and a wafer cassette 9
for storing processed wafers are set at predeterm ned positions. In
this enbodi ment, unprocessed wafers 1 and 2 are stored in the wafer
cassettes 7 and 8, respectively, while facing the | ower surfaces down.
Vlhen the start of wafer contact processify is instructed with an
operation switch 16b on a control panel 16, the wafer '

wafer to be chucked are inserted.

Fig. 17 is a sectional view showing part of the wafer
support table 31 shown in Fig. 16. A height h of the sealing
portions 3la and 31b and the deflection prevention portions

5 3lc ispreferably about 50 um. Widths d4 and d1 of the sealing
portions 3la and 31b are preferably made small to some extent
to prevent particles from being sandwiched by the sealing
portions 3la and 31b and the wafer to be chucked, and the
widths are preferably, e.g., approximately 0.2 mm. From the

10 same viewpoint, the diameter of the deflection prevention
portions 31lc is preferably:made small to some extent, and
tile diameter is preferably, e.g., about 0.2 mm.

Fig. 18 is a sectional view showing the arrangement of

a wafef support apparatus 3 including the wafer support table

15 31 shown in Fig. 16. This wafer support apparatus 3 is
constructed by vacuum-chucking the wafer support table 31
on a base 32.

The base 32 has an annular groove 32a for

vacuum-chucking the wafer support table 31, and a suction
20 hole 32b for exhausting the gas in the groove 32a. The wafer
support table 31 is chucked by reducing the pressure in the
groove "32a. The suction hole 32b is connected to a vacuum

- pump 20 through a pipe 118a having a valve 119a midway.
The base 32 also has a suction hole 32c for coupling
25 the suction port 31d communicating with the lower surface

of the wafer support table 31 to the vacuum pump 20 through
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transfer robot 10 chucks the | ower surface of an unprocessed wafer 1
stored in the wafer cassette 7, and transfers the 10 wafer 1 to the wafer
al i gnment section 11: .. The wafer alignment section 11 detects the
central position and di rection (e.?39_;he orientation flat or notch
position) of the transferredwafer |=usingasensor andadjusts the
central position and direction. The wafer alignnment section 11 15
preferably cones contact with only the | ower surface of the waf er 1.
After this, the wafer transfer robot 10 receives the '

a pipe 118b having a valve 119b midway.

When the wafer support table 31 is to be mounted on the
base 32, the valve 119a is opened. When the wafer 1 to be
processed is to be mounted on the wafer support table 31,

5 the valve 119b is opened.

The base 32 also has pin holes 324 in which the load
pins used to load/unload the wafer 1 on/from the wafer support
table 31 are inserted.

The wafer_support table 31" is preferably regularly

10 cleaned to remove particles which may adhere to the chuck
surface of the wafer 1. As described above, when the wafer
support table 31 is manufactured by fabricating the silicon
wafer used to manﬁfacture a semiconductor device, a
commefcially available wafer carrier can be used for cleaning.

15 1In this case, the wafer support table 31 can be accommodated
in the commercially available wafer carrier and cleaned using
a general wafer cleaning apparatus.

Steps in manufacturing the wafer support table 31 will
be described below. Figs. 19A to 19N are views showing steps

20 in manufacturing the.wafer support table 31 by applying the
general lithography technique. ‘

An Si wafer 20la for manufacturing a semiconductor
device. is prepared. As shown in Fig. 192, a film 202a for
fohning a mask pattern which is to be used in etching the

25 Si wafer 20la later is formed on the upper, lower, and side

surfaces of the Si wafer 20la. As the material of the film
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aligned wafer 1 and sets it at a predeterm ned position on | oad pi ns
13 which project fromthe wafer support apparatus 20 3 through the pin
hol es 31e and 32d. - After the wafer 1 i.s nmount ed on the | oad pins 13,
‘the waf er support apparatus 3 nmoveg,upward, so the wafer 1 is
supported by the wafer support apparatus 3. Since the wafer 1 has

al ready been aligned by the wafer alignnment section 11 and transferred
to the wafer © 25 support apparatus 3 while maintaining its positional

rel ati onship, the central position and direction of the wafer

202a, SiO, by thermal oxidation or Si,N, by CVD is preferably
used.

Next, as shown in Fig. 19B, a photoresist film 203a is
formed on the wafer shown in Fig. 19A.

5 The photoresist film 203a is irradiated with UV light
through a photomask (first mask) for forming the sealing
portions 3la and 31b and the deflection preverition portions
31lc, thereby printing amask pattern. By developing the mask
pattern, a patterned photoresist film 203b is formed, as

10 shown in Fig. 19C. Since the fabrication accuracy in the
planar direction can be lower than that required for a general
semiconductor device, an exposure apparatus with low
-accuracy can be used to print the mask pattern.

As shown in Fig. 19D, the £ilm 202a is dry;-etched using

15 the photoresist film 203b as a mask, thereby exposing -the
Si wafer 20la. With this process, a patterned f£ilm 202b is
formed on the Si wafer 20la. Next, as shown in Fig. 9E, the
patterned photoresist £ilm 203b is removed.

As shown in Fig. 19F, the wafer shown in Fig. 19E is

20 etched. As this etching, wet etching using an alkali
solution as an etchant is preferable. As the alkali solution,
a solution of ammonia, or an organic ammonia-based soluﬁion
can be.used. For example, to form sealing portions 31la and
31b and a deflection prevention portions 31c having a height

25 h of 50 um, as shown in Fig. 18, the wafer 20la is etched
to a depth of 50 pm.
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- 49- 1 need not be adjusted again on the wafer support apparatus
3. However, alignment of the wafer.1l nmay be perforned on the waf er
support apparatus 3. Next, the wafer.transfer robot 10 extracts
an 5 unprocessed wafer-2 fromthe wafgy cassette 8. -Wth thesane

As shown in Fig. 19G, the patterned £ilm202b is removed
using hydrofluoric acid. With thisprocess, an Si wafer 201b
having sealing portions 3la and 31b and the deflection
prevention portions 31lc is formed.

5 Subsequently, as shown in Fig. 19H, a film 204a for
forming a mask pattern which is to be used in etching the
Si wafer 201b later .is formed on the upper, lower, and side
surfaces of the Si wafer 201b having the sealing portiéns
31la and 31b and the deflection prevention portions 31lc. As

10 the material of the film 204a, SiO, by thermal oxidation or
'Si,N, by CVD is preferably used.

A photoresist film 205a is formed on the lower surface
of the wafer shown in Fig. 19I (surface on the opposite side
of the -surface having the sealing portions 3la and 31b and

15 the deflection prevention portions 31lc).

The photoresist film 205a is irradiated with UV light
through a photomask (second mask) for forming a suction port
314 and pin holes 3le, théreby printing the mask pattern.
By developing the mask pattern, a photoresist film 205b

20 having a hole 211 for forming a suction port 31d and holes
212 for forming pin holes 31e are formed, as shown in Fig. 19J.

As- shown in Fig. 19K, the f£ilm 204a is dry-etched using
the photoresist £ilm 205b as a mask, thereby exposing the
-Si wafer 201b. With this process, a patterned photoresist

25 film204b is formed on the Siwafer 201b. As shown inFig. 191,

the patterned photoresist film 204b is removed.
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procedures as descri bed above; the wafer alignnment section 11 adjusts
the central position and direction of the wafer 2, and then, the wafer
2 is:'set at a predeterm ned position on | oad pins 14 which project

- ffomthe wafer chuck portion 10 4c of 44he wafer noving mechanism 4. After
the wafer 2 is nounted on the | oad—pins 14, the wafer chuck portion 4c
pi vots - about the shaft 4b until the wafer chuck portion 4c contacts
the |l ower surface of the wafer 2. The pressure in the groove da is
reduced, so the wafer 2 is chucked by the wafer chuck 15 portion 4c. As

described above, sificeHhig Waf Pig?2 Des, atheafer shown in Fig. 19L is
etched until a suction port 31d and pin holes 31le are formed.
As this etching, wet etching using an alkali solution as an
etchant is preferable. As the alkali solution, a solution
5 of ammonia, or an organic ammonia-based solution can be used.
Finally, as shown in Fig: 19N, the patterned
photoresist f£ilm 204b is removed using hydrofluoric acid,
thus completing the wafer support table 31.
In the resultant wafer support table 31, the surface
10 of the wafer 20la as the material directly serves as the
sealing portions 3la and 31b and the deflection prevention
portions 31lc. Consequently, when the wafer support table 31
is manufactured using the wafer 20la having sufficient
surfacé planarity, the surfa'ce need not be processed after
15 the photoresist film 203a is removed.
As described above, the wafer support table 31 according
to this embodiment can be easily manufactured at low cost.
For example, when particles adhere to the wafer support table
31, and the particles can hardly be removed by cleaning, the
20 wafer support table can be exchanged with another wafer
support table 31 at low cost.

. The above wafer support apparatus 3 is suitably used
to support one of two wafers to be overlaid and brought into
contact with each other. BAn apparatus andmethod of bringing

25 first and second wafers into contact with each other by

pressing the lower surface of the second wafer while the first

- va'\‘\w'e*'ﬂa;ﬁ‘a‘ g.["v i‘

i o LTG R



been aligned by the wafer alignnment section 11 and chucked by the

waf er chuck portion 4c while maintaining its posi tional relationship,
.the central position and direction of the wafer 2 need not be adjusted
again in chucking. In 20 chucking the gafer 2, the load pins 14 nay be
retracted downwar d i nstead of pivot+ng the wafer chuck portion 4c.
Wiile, the wafers 1 and 2 are being supported by the wafer support
apparatus 3 and the wafer chuck portion 4c, respectively, the

di spl acenent detection sections 15 and 12 25 neasure the thicknesses of
the wafers 1 agdedr MEGpported by the wafer support apparatus 3 to oppose

the second wafer will be described.below. These apparatus
and method are suitably used to practice the method of bonding
two wafers to manufacture a wafer having, e.g., an SOI

5 structure.

Fig. 20 is a view showing a state wherein two wafers
are brought into contacc with each other using the wafer
support apparatus 3. To bring the two wafers into contact
with each other, the first wafer 1 is chucked on the wafer

10 support table 31, and then, the second wafer 2 is set to oppose
the first wafer 1. In this state, the lower surface of_the
second wafer 2 is pressed near its central portion by a press
pin 6a. First, the wafers 1 and 2 come into contact at the
centrai portion first. The contact portion gradually

15 expands outward, and finally, the entire surfaces of the
wafers 1 and 2 are completely in contact with each other.
According to this method, the two wafers can be brought into
contact with each other without leaving any gas between the
two wafers 1 and 2.

20 When the wafer support table 3 is to be applied to bring
two wafers into contact with each other, the chuck portion
of the wafer support table 3, which is made up of the sealing
portions 3la and 31b, is preferably brought into contact only
with the peripheral portion (aﬁd more preferably, the

25 outermost portion) of the first wafer 1. The chuck portion

is preferably annular. As described above, the waf.er support
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specifically, the displacenent detection sections 15 and 12

- 50 - nove sensors 15a and 12a close to the upper portions of the
wafers 1 and 2, irradiate the wafers 1 and 2 with light, and nmeasur e
the thicknesses of the wafers 1 and 2 qnﬂfpe basi s

table 3 preferably has the deflection prevention portions
31lc. The defle/ction prevention portions 31c are preferably
formed between the sealing portions 31la and 31b. When the
wafer support table 3 comes into contact only with the lower
5 surface of the first wafer, the surface of the first wafer
1 can be prevented from being contaminated by particles. 1In
addition, damage to the edge portion of the first wafer 1
can be prevented. Furthermore, when the wafer support table
3 comes into contact only with the peripheral portion as part
10 of the lower surface of the first wafer, unevenness on the
first wafer 1 supported on thé wafer support table 3 due to
particles which may adhere to the wafer support table 3 or
the lower surface of the first wafer 1 can be prevented.
A wafer processing apparatus incorporating the wafer
15 support apparatus 3 wi.ll be described next.

Fig. 21. is a perspective view schematically showing the
overall arrangement of the wafer processing apparatus
according to the third embodiment. Fig. 22 is an enlarged
view of part of Fig. 21. Figs. 23 to 27 are sectional views

20 of a wafer processing apparatus 1000 shown in Figs. 21 and
22 taken along a line A - A'. Figs. 23 to 27 show the
operation of bringing two wafers into contact.

This wafer processing apparatus 1000 continuously
overlays and contacts two wafers, and is cbnveniently'used

25 to practice the method of bonding two wafers to manufacture

a wafer having, e.g., and SOI structure.

This is the replacement sheet

Dt 1 0 MMQ 1999



of the reflected light, respectively. 5 When neasurenment of the

t hi cknesses of the wafers 1 and 2 is ended, the wafer chuck portion 4c
-pi vots about the shaft - 4b through about 180[err] to nmake the wafer 2
oppobse and’ al nost parallel to the fer 1, as described above. After
this, the gap between the wafers I=8nd 2 is adjusted by the Z-axis
stage 10 5, and the wafer 2 is pressed by the press pin 6a, thus

conpl eting contact processing. When contact processing is ended,
t he waf er support apparatus 3 is noved downward by the Z-axis stage 5,
and the '

The wafer processing apparatus 1000 has the wafer
support apparatus 3 for supporting the first wafer 1
(Fig. 20) from its lower surface, and a wafer moving
mechanism 4 for chucking the second wafer 2 (Fig. 20) from
5 its lower surface and making the second wafer 2 oppose almost
parallel to the first wafer 1-
As described above, the wafer suppdrt apparatus 3 is
built by mounting the wafer support table 31 on the base 32
and opening the valve 119a to chuck the wafer support table
10 31 on the base 32.
The wafer moving mechanism 4 preferably comes into
contact only with the lower surface of the second wafer 2.
In this embodiment, the wafer moving mechanism 4 has a groove
4a for \-r'acuum-chucking the wafer. To chuck the second wafer
15 2, the pressure in the groove 4a is reduced. With the lower
surface of the second wafer 2 chucked by a wafer chuck portion
4c, the wafer moving mechanism 4 pivots about a shaft 4b
through about 180° to make the second wafer 2 oppose almost
pafallel to the first wafer 1. The shaft 4b is located near
20 the middle position between the wafer support apparatus 3
and the wafer chuck portion 4c.
The wafler processing apparatus 1000 also has, as a
mechanism for adjusting the gap between the two wafers 1 and
2 facing each other, a displacement detection section 15 for
25 measuring the thickness of the first wafer 1 mounted on the

wafer support apparatus 3, a displacement detection section
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processed wafers are supported by the load pins 13. After 15 this, the
waf er transfer robot 10 receives the processed waf ers and stores them
in the wafer cassette 9. . By repeatedly executing the above
procedure, a plurality of wafers stgred in the wafer cassettes 7 and 8
can be continuously processed. 20 "2 The operation of the wafer
processi ng apparatus 1000 in bringing two wafers into contact will be
descri bed next with reference to Figs. 23 to 27. When t he
wafers 1 and 2 are nounted on the | oad pins

12 for measuring the thickness of the s'eéond wafer 2 chucked
by the wafer chuck portion 4c, and a Z-axis stage 5 (Fig. 23)
for vertically moving the wafer support apparatus 3 on the
basis of the measurement results from the displacement

5 detection sections 12 and 15 to adjust the gap between the
wafers 1 and 2 to a set value:

The wafer processing apparatus 1000 also has a press
mechanism 6 for pressing the upper wafer 2 near its central
portion while the two wafers 1 and 2 are supported to be

10 opposite to each other. Apress pin 6a of the press mechanism
6 pivots about a shaft 6b to be close to the lower surface
of the upper wafer 2 after the two wafers 1 and 2 are supported
to be opposite to each other. When the wafer chuck portion
4c of t';he wafer moving mechanism 4 cancels chucking of the

15 upper wafer 2, the press mechanism 6 presses the upper wafer
2 by pressing the press pin 6a agairist the lower surface of
the wafer 2. The two wafers 1 and 2 gradually come into
contact with each other outward from the pressed portion,
and accordingly, the gas between thewafers 1and 2 is expelled

20 outward. As a consequence, no gas remains entrapped between
the wafers 1 and 2.

The wafer 2 is preferably pressed by the press pin 6a
almost.simultaneously with cancel of chucking of the wafer
2 by the wafer chuck portion 4c. In this case, pressing can

25 be started while maintaining the gap between the two wafers

1 and 2, which is adjusted to the set value. This uniforms
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13 and 14 by the wafer transfer robot 10, respectively, the 25 Z-axis

stage 5 noves the wafer support apparatus 3 upward to a predeterm ned
position at which the wafer 1 is supported,
- 51 - ' and the wafer noving magﬁanl sm4 pi vots t he wafer chuck

the quality of the wafer obtained by bringing the two wafers
into contact. Inaddition, gas entrapment between the wafers
1l and 2 can be more effectively prevented. Furthermore,
shift of the wafers 1 and 2 can be prevented.

5 The press mechanism 6 incorporates a vibrator (e.g.,
a piezoelectric element) for vibrating the press pin 6a. By
vibrating the press pin 6a which is pressing the wafer 2,
the gas between the wafers 1 and 2 can i)e efficiently removed.

Pressing the wafer 2 by theé press pin 6a may be
10 controlled at another timing. For example, pressing may be
performed at a predetermined timing before a predetermined
amount of gas between the wafers 1 and 2 is removed after
chucking of the wafer 2 is canceled, at a timing upon counting
a predefemined time after chuck of the wafer 2 is canceled,
15 or at a predetermined timing after chucking of the wafer 2
is canceled and before the distance between the wafers 1 and
2 becomes a predetermined distance or less due to the weight
of the wafer 2.
The wafer processing apparatus 1000 also has a wafer
20 transfer robot 10 for setting the wafers 1 and 2 on the wafer
support apparatus 3 and the wafer chuck portion 4c,
respectively, and receiving the wafers in contact with each
other from the wafer support apparatus 3, and a wafer
alignment section 11.
25 In this wafer processing apparatus 1000, before the

start of wafer contact processing, wafer cassettes 7 and 8
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portion 4c about the shaft 4b to a predeterm ned position at which

the wafer 2 can be chucked, as shown in Fig. 23. Next, as shown
in Firg. 24, the sensors 15a and 12a,of 5 the displacenent detection

- sections 15 and 12 nove onto the - _yefers 1 and 2 to neasure
t he-thi cknesses of the wafers 1 a 2, respectively. After the
t hi cknesses of the wafers 1 and 2 are neasured, the sensors 15a and
12a return to the initial positions shown in Fig. -23. 10 - As
shown in Fig. 25, the wafer noving nmechani sm 4 pivots t he waf er chuck

portion 4c aboyl e SPRYAELER G4Blrs 1 and 2, and a wafer cassette 9

for stbring processed wafers are set at predetermined

positions. In this embodiment, unprocessed wafers 1 and 2

are stored in the wafer cassettes 7 and 8, respectively, while
5 facing the lower surfaces down.

When the start of wafer coritact processing is instructed
with an operation switch 16b on a control panel 16, the wafer
transfer robot 10 chucks the lower surface of an unprocessed
wafer 1 stored in the wafer cass’et;te 7, and transfers the

10 wafer 1 to the wafer alignment se_ction 11. The wafer
alignment section 11 detects the central position and
direction (e.g., the orientation flat or notch position) of
the transferredwafer 1 using a sensor and adjusts the central
positién and direction. The wafer alignment section 11

15 preferably comes contact with only the lower surface of the
wafer 1.

After this, the wafer transfer robot 10 receives the
aligned wafer 1 and sets it at a predetermined position on
load pins 13 which project from the wafer support apparatus

20 3 through the pin holes 3le and 32d. After the wafer 1 is
mounted on the load pins 13, the wafer support apparatus 3
moves upward, so the wafer 1 is supported by the wafer support
apparatus 3. Since the wafer 1 has already been aligned by
‘the wafer alignment section 11 and transferred to the wafer

25 support apparatus 3 while maintaining its positional

relationship, the central position and direction of the wafer
To's i ke ragigoamaent ahesl
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approximately 180[err] to make the wafers 1 and 2 opposite to each

other alnost in the horizontal direction. The height of the waf er

. support apparatus 3 is adjusted by the Z-axis stage 15 5 on the basis of
the nmeasured thicknesses of the wafers 1, _ and 2 to set the gap between
the wafers 1 and 2 at a set val ue.. f?he gap is preferably 20 to 100
[err]mat the central portion of the wafers and, nore preferably, 30
to 60 [err]m The wafer processing apparatus 1000 opens the valve 119b
so that the 20 peripheral portion of the |ower surface of the wafer 1 is

chucked by theichded it i 8aghst 88 RRLiPREAr Bhe RAULdOBuBBort apparatus
3. However, alignment of the wafer.l may be performed on the
wafer support apparatus 3.
Next, the wafer transfer robot 10 extracts an
5 unprocessed wafer 2 from the wafer cassette 8. With the same
procedures as described above; the wafer alignment section
11 adjusts the central position and direction of the wafer
2, and then, the wafer 2 is set at a predetermined position
on load pins 14 which project from the wafer chuck portion
10 4c of the wafer moving mechanism 4. After the wafer 2 is
mounted on the load pins 14, the wafer chuck portion 4c¢ pivots
about the shaft 4b until the wafer chuck portion 4c contacts
the lower surface of the wafer 2. The pressure in the groove
4a is feduced, so the wafer 2 is chucked by the wafer chuck
15 portion 4c. Asdescribed above, since the wafer 2 has already
been aligned by the wafer alignment section 11 and chucked
by the wafer chuck portion 4c while maintaining its
positional relationship, the central position and direction
of the wafer 2 need not be adjusted again in chucking. In
20 chucking the wafer 2, the load pins 14 may be retracted
downward instead of pivoting the wafer chuck portion 4c.
While the wafers 1 and 2 are being supported by the wafer
support apparatus 3 and the wafer chuck portion 4c,
respectively, the displacement detection sections 15 and 12
25 measure the thicknésses of the wafers 1 and 2. More

specifically, the displacement detection sections 15 and 12
This is the replacement sheet
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of the wafer support apparatus 3. Wth this operation, the wafer 1 is

corrected to be al nost flat. As shown in Fig. 26, the press pin
6a is pivoted about 25 the shaft 6b to be close to the |ower surface of
t he waf er 2 (e.g., a position at v_\/ry'oc_hthe press pin 6a is
substantial ly —_ -52 -

move sensors 15a and 12a close to the upper portions of the
wafers 1 and 2, irradiate the wafers 1 and 2 with light, and
measure the thicknesses of the wafers 1 and 2 on the basis
of the reflected light, respectively.

5 When measurement of the thicknesses of the.wafers 1 and
2 is ended, the wafer chuck portion 4c pivots ébout the shaft
4b through about 180° to make the wafer 2 oppose and almost
parallel to the wafer 1, as described above. After this, the
gap between the wafers 1 and 2 is adjusted by the Z-axis stage

10 5, and the wafer 2 is pressed by the press pin 6a, thus
completing contact processiﬁg. |

When contact proceésing is ended, the wafer support
apparatus 3 is moved downward by the Z-axis stage 5, and the
process-ed wafers are supported by the load pins 13. After

15 this, the wafer transfer robot 10 receives the processed
wafers and stores them in the wafer cassette 9.

By repeatedly executing the above procedure, a
plurality of wafers stored in the wafer cassettes 7 and 8
can be continuously processed.

20 The operation of the wafer processing apparatus 1000
in bringing two wafers into contact will be described next
with reference to Figs. 23 to 27.

When the wafers 1 and 2 are mounted on the load pins
13 and 14 by the wafer transfer robot 10, respectively, the

25 Z-axis stage 5 moves the wafer support apparatus 3 upward

to apredetermined position at which the wafer 1 is supported,
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in contact with the | ower surface of the wafer 2). ~ Subsequently,
as shown in Fig. 27, the |ower surface of the wafer 2 is pressed by
the press pin 6a when.chucki ng of the wafer 2 by the wafer chuck
portion 4c is cancel ed. 5 The wafers _égand 2 gradually cone into contact

W th each ot her outward fromthe cewtral portion, and finally, the

entire - surfaces are in contact with each other. After the
press mechanism®6 is returned to the initial state (state shown in
Fig. 23), the wafer chuck portion 4c -

and the wafer moving mechanism 4 pivots the wafer chuck
portion 4c about the shaft 4b to a predetermined position
at which the wafer 2 can be chucked, as shown in Fig. 23.
Next, as shown in Fig. 24, the sensors 15a and 12a of
5 the displacement detection sections 15 and 12 move onto the
wafers 1 and 2 to measure the-thicknesses of the wafers 1
and 2, respectively. After the thicknesses of the wafers 1
and 2 are measured, the sensors 15a and 12a return to the
initial positions ‘shown in Fig. 23.

10 As shown in Fig. 25, thewafer moving mechanism 4 pivots
the wafer chuck portion 4c about the shaft 4b through
approximately 180° to make the wafers 1 and 2 opposite to each
other almost in the horizontal direction. The height of the
wafer éupport apparatus 3 is adjusted by the Z-axis stage

15 5 on the basis of the measured thicknesses of the wafers 1
and 2 to set the gap between the wafers 1 and 2 at a set value.
The gap is preferably 20.to 100 um at the central portion
of the wafers and, more preférably, 30 to 60 um. The wafer
processing apparatus 1000 opens the valve 119b so that the

20 peripheral portion of the lower surface of the wafer 1 is
chucked by the chuck surface of the peri;;heral portion 3d
of the wafer support appafatus 3. With this operatiori, t:hé
wafer 1 is corrected to be almost flat. |

As shown in Fig. 26, the press pin 6a is pivoted about

25 the shaft 6b to be close to the lower surface of the wafer

2 (e.g., aposition at which the press pin 6a is substantially



10 is returned to the initial state (state shown in Fig. 23). The

val ve 119b is closed to set the interior of the chuck groove 3a to the
at nospheric pressure (chucking of the wafer 1 is canceled), and then,
‘the wafer support apparatus 3 is HE£Ed downward, so that the wafers in
contact with each other 15 are suppor&ed by the load pins 13. In this
state, the wafer transfer robot 10 chucks the | ower surface of the
wafers in " contact with each other, transfers themto the wafer
cassette 9, and stores themin the wafer cassette 9. Fi g.

28 Is a block di aguam ShQWY 1€ 18(LRNJGERL Obf the wafer 2).

Subsequently, as shown in Fig. 27, the lower surface
of the wafer 2 is pressed by the press pin 6a when chucking
of the wafer 2 by the wafer chuck portion 4c is canceled.

5 The wafers 1 and 2 gradually come into contact with each other
outward from the central portion, and finally, the entire
surfaces are in contact with each other.

After the press mechanism 6 is returned to the initial
state (state shown in Fig. 23}, the wafer chuck portion 4c

10 is returned to the initial state (state shown in Fig. 23).
The valve 119b is closed to set the interior of the chuck
groove 3a to the atmospheric pressure (chucking of the wafer
1 is canceled), and then, the wafer support apparatus 3 is
moved downward, so that the wafers in contact with each other

15 are supported by the load pins 13. In this state, the wafer
transfer robot 10 chucks the lower surface of the wafers in
contact with each other, transfefs them to the wafer cassette
9, and stores them in the wafer cassette 9.

Fig. 28 is a block diagram showing the arrangement of

20 the control system of the wafer processing apparatus 1000.
A control section 17 controls the wafer transfer robot 10,
the wafer alignment section 11, the displacement detection
sections 12 and 15, the Z-axis stage 5, the wafer moving
mechanism 4, the press mechanism 6, the panel section 16,

25 and a valve control section 119 by a CPU 1l7a which operates
on the basis of a program 17b.
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20 the control system of the wafer processing apparatus 1000. A
control section 17-controls the wafer transfer robot 10, t he wafer

al i gnnment- section 11, the displacenment detection . sections 12 and 15,
the Z-axis stage 5, the wafer noving mechani sm 4, the press nmechani sm
6, the panel section 16, 25 and a val 28 control section 119 by a CPU 17a
whi ch oper at es on the basis of a program 17b.

The valve control section 119 has a first valve driving
section 119c¢c for controlling switching of the valve 119a and
a second valve driving section 1194 for controlling switching
of the valve 119b. The first and second valve driwving
5 sections 119c and 1194 are controlled by the control section
17. Attachment/detachment of -the wafer support table 31,
i.e., switching of the valve 11%9a is controlled on the basis
of the operation of the operation switch 16b of the panel
16. | |
10 Fig. 29 is a flow chart showing the control procedure
"based on the program 17b. The operation of the control system
of the wafer processing apparatus 1000 will be describedwith
reference to the flow chart.
When the start of contact processing is instructed by
15 operating the operation switch 16b, constituent elements
connected to the control section 17 are initialized in step
S1101. In this initialization step, the presence and
positions of the wafer cassettes 7, 8, and 9 are also confirmed.
If preparation is not complete, this is indicated. on adisplay
20 panel 1l6a to warn the operator.
| In step S1102, a wafer 1 stored in the wafer cassette
7 is chucked by controlling the wafer transfer robot 10. In
step S1103, the chucked wafer 1 is transferred to the wafer
alignment section 11 and positioned (central position and
25 direction). In step S1104, the wafer 1 is set at a

predetermined position on the load pins 13 projecting from

b i PRI
This is

the replacement sheet

Date: b ey
ale:



- 53 - The val ve control section 119 has a first valve driving
section 119c for controlling switching of the valve 119a and a second
valve ~driving section 119d for controlling swtching . of the valve
119b." The first and second val ve driving, 5 sections 119c and 119d are
controlled by the control section : Attachnent/detachnment of -the

waf er support table 31, I.e., switching of the valve 119a is
controlled on the basis

the.wafer support apparatus 3 by controlling the wafer
transfer robot 10. The wafer support apparatus 3 is moved
upward to a predetermined position by controlling the Z-axis
stage 5.

5 In step S1105, a wafer 2 stored in the wafer cassette
8 is chucked by controlling the wafer transfer robot 10. 1In
step S1106, the wafer 2 is transferred to the wafer alignment
section 11 and aligned (central position and direction). In
step S1107, the wafer 2 is set at a predetermined position

10 on the load pins 14 projecting from thé wafer chuck portion
4c by controlling the wafer transfer robot 10. The wafer
chuck portion 4c is pivoted about  the shaft 4b through a
predetermined angle by controlling a pivoting motor 4d of
the wafer moving mechanismlé, so the wafer 2 is chucked by

15 the wafer chuck portion 4c.

In step S1108, the sensor 15a is moved to a predetermined
position on the wafer 1 by controlling a driving section 15b
of the displacement detection section 15, so the thickness
of the wafer 1 is measured by the sensor 1l5a.

20 In step S1109, the sensor 12a is moved to a predetermined
position on the wafer 2 by controlling a driving section 12b
of the displacement detection section 12, so the thickneés
of the.wafer 2 is measured by the sensor 12a.

In step S1110, the wafer chuck portion 4c¢ is pivoted

25 about the shaft 4b through about 180° by controlling the

pivoting motor 4d of the wafer moving mechanism 4 to make
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of the operation of the operation switch 16b of the panel 16. 10

Fig. 29 is a flow chart showing the control procedure - based on the
program 17b. The operation of the control system of the wafer
processi ng apparatus 1000 wi || be descrigged with reference to the flow
chart. When the start of contact processing is instructed by 15
operating the operation switch 16b, constituent el enents connected to
the control sSection 17 are initialized in step S1101. In this

initialization step, the presence and
the wafers 1 and 2 opposite to each other almost in the

horizontal direction.

In step S1111, data for adjusting the gap between the

wafers 1 and 2 to a set value is prepared on the basis of

5 the measurement result of the thicknesses of the wafers 1
and 2. The Z-axis stage 5 is coﬁtrolled on the basis of the
data to adjust the gap between the wafers 1 and 2.

In step S1112, the second valve driving section 1194
opens the valve 119b, so the first wafer 1 is chucked by the

10 wafer support table 31.

In step S1113, the press pin 6a is pivoted about_the
shaft 6b by controlling a pivoting motor 64 of the press
mechanism 6 until the distal end portion of the press pin
6a rouéhly contacts the lower surface of the wafer 2.

15 In step S1114, chucking of the wafer 2 by the wafer chuck
portion 4c is canceled. 1In step S1115, the pivoting motor
6d and a vibrator 6c of the press mechanism 6 are controlled
to press the press pin 6a against the lower surface of the
wafer 2 and simultaneously vibrate the press pin 6a. When

20 lstep S1115 is executed immediately after step S1114, cancel
of chucking of the wafer 2 and pressing can be performed almost
simultaneously. Pressing may be started after step S1114,
e.g., after a predetermined time is counted.

When the wafers 1 and 2 are completely in contact with

25 each other, the pivoting motor 64 of the press mechanism 6

is controlled to return the press pin 6a to the initial
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positions of the wafer cassettes 7, 8, and 9 are al so confirned. | f
preparation is not conplete, this is indicated on a display 20 panel 16a
fo warn the operator. - " In step S1102, a wafer 1 stored in the
waf er cassette 7 is chucked by contktolling the wafer transfer robot
10. In step S1103, the chucked waf 1 is transferred to the wafer

al i gnnent section-11 and positioned (central position and 25 direction).
In step S1104, the wafer 1 is set at a predet erm ned position on the
| oad pins 13 projecting from

position in step S1116. In step S1117, the pivoting motor
44 of the wafer moving mechanism 4 is controlled to return
the wafer chuck portion 4c to the initial position.

In step S1118, the valve 11Sb is closed to return the

5 interior of the chuck grooves 3a and 3b to the atmospheric
pressure, thereby canceling chucking of thewafer 1. Instep
S1119, the Z-axis stage 5 is controlled to move the wafer
support apparatus 3 downward to the initial state. With this
operation, the wafers in contact with each other are

10 supported by the load pins 13.

In step $1120, the wafer transfer robot 10 is controlled
to transfer the wafers in contact with each other to the wafer
cassette 9 and store them in the wafer cassette 9.

Iﬁ step S1121, it is determined whether contact

15 processing has been performed for all wafers stored in the
wafer cassettes 7 and 8. If wafers which have not been
processed yet remain, the flow returns to step S1102 to repeat
the processing. If it is determined that contact processing
has been performed for all wafers, the series of processing

20 operations are ended. At this time, the operator is
preferably notified of the end of processing by an indication
on the display pahel 1l6a or a buzzer sound.

As described above, according to the wafer processing
apparatus 1000, 1) since pressing is starte_c::i in synchronism

25 with cancel of chucking of the upper wafer 2, the gas between

the wafers 1 and 2 can be properly removed outwérd, 2} since
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-54- the waf er support apparatus 3 by controlling the wafer
transfer robot 10. The wafer support apparatus 3 is noved upward to a
predet er mi ned position by controlling the Z-axis - stage 5. 5

In step S1105, a wafer 2 stored in the y\?,,}_er cassette

the upper wafer 2 does not slide when the wafers 1 and 2 oppose
each other, the two wafers 1 and 2 can be properly positioned,
3) since the gap between the wafers 1 and 2 can be adjusted
to an appropriate distance, the quality of the manufactured
5 wafer can be uniformed, and the wafers 1 and 2 need not be
classified in advance, 4) the-surfaces of the wafers 1 and
2 can be prevented from being contaminated by particles, 5)
damage to the peripheral portions of the wafers can be
prevented, and 6) gas entrapment between the wafers can be
10 decreased by vibrating the wafers during pressing.

In addition, according to the wafer processing
apparatus 1000, only the sealing portions 3la and 31b and
the deflection prevention portions 31c of the wafer support
table 31 come into contact with the lower surface of the first

15 wafer 1. For this reason, even when particles adhere to the
central portion of the wafer support apparatus 3 or the
central portion of the lower surface of the first wafer 1,
the first wafer can be supported in an almost flat state.
In other words, unevenness on the supported wafer 1 due to

20 particles whichmay adhere to the central portion of the wafer
support table or the first wafer can be prevénted. Therefore,
when the two wafers are brc..aught into contact with each other,
gas entrapment between the wafers can be effectively
prevented.

25 Furthermore, since the wafer processing apparatus 1000

employs the wafer support table 31 manufactured by

. 5 mboed
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8 is chucked by controlling the wafer transfer robot 10. In step
S1106, the wafer 2 is transferred to the wafer alignnent section 11
and aligned (central position and direction). In step S1107, the
wafer 2 is set at a predeterm ned positign 10 on the load pins 14
projecting fromthe wafer chuck portion=— 4c by controlling the wafer
transfer robot 10. The wafer chuck portion 4c is pivoted about the
-shaft 4b through a predeterm ned angle by controlling a pivoting
not or 4d of t he waf er noving nechanism4, so the wafer 2 is chucked

by 15 ‘the wefgridiind ¥ WePeriCthe problem of contamination (e.g.,
metal contamination) by the material of the wafer support
table is also solved.

[Application Example of Wafer Processing Apparatus]

5 An application example of the wafer processing
apparatus according to the third embodiment will be described
below. Figs. 13A to 13F are views showing steps in
manufacturing a wafer having, e.g., an SOI structure.

A single-crystalline Si wafer 501 for forming the first

10 wafer 1 is prepared. A porous Si layer 502 is formed on a
major surface of the single-crystalline Si wafer 501
(Fig. 13a). At leaét one non-porous layer 503 is forméd on
the porous Si layer 502 (Fig. 13B). As the non-porous layer
503, a-single—crystalline Si layer, a polycrystalline Si

15 layer, an amorphous Si layer, a metal layer, a semiconductor
compound layer, or a superconductor layer is suitable. A
device such as a MOSFET may be formed on the non-porous layer
503.

An Si0, layer 504 is formed on the non-porous layer 503

20 to obtain a first wafer 1 (Fig. 13C). The first wafer 1 with
the SiO, layer 504 facing up is stored in the wafer cassette
7.

The second wafer 2 is prepared. The second wafer 2 with
its surface facing up is stored in the wafer cassette 8.
25 The wafer shown in Fig. 13C may be stored in the wafer

cassette 8 as the second wafer while another wafer may be
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In step S1108, the sensor 15a is noved to a predeterm ned . position on

the wafer 1 by controlling a driving section 15b of the displacement
detection section 15, so the thickness ~of the wafer 1 is neasured by
the sensor 15a. 20 ~ In step SllQ%w_ghe sensor 12a is noved to a
predet er m ned position on the wafer—=2 by controlling a driving section
12b of the displacenent detection section 12, so the thickness of
the.wafer 2 is neasured by the sensor 12a. In step S1110, the

waf er chuck portion 4c is pivoted 25 about the shaft 4b through about
180[err] by cogtépédiit) thfwafer cassette 7 as the first wafer. In this

case, the wafer shown in Fig. 13C is transferred to the wafer
support table 31, and another wafer is transferred to the
wafer moving mechanism 4.

5 In this state, the wafer processing apparatus of the
third embodiment is operated.- The first wafer 1 and the
second wafer 2 come into contact with each other while
sandwiching the SiO, layer 504 (Fig. 13D), and stored in the
wafer cassette 9. -

10 The wafers in contact with each other (Fig. 13D) may
‘be subjected to anode bonding, pressing, or heat treatment,
as needed, or these processihg operations may be combined
to firmly bond the wafers.
As the second wafer 2, an Si wafer, an Si wafer with
15 an Si0, layer formed thereon, a transparent wafer consisting
of silica giass, or a sapphire wafef is suitably used.
However, any other wafer can be used as the second wafer 2
as far as it has a sufficiently flat surface to be bonded.
Next, the first wafer 1 is removed from the second wafer
20 2 to expose the porous Si layer 502 (Fig. 13E). The porous
Si layer 502 is selectively etched and removed. Fig. 13F
schematically shows the wafer obtained by the above
maﬁufacturing method.
According to this manufacturing method, the two wafers
25 are brought into contact with each other while appropriately

removing any gas between the wafers, so a high-quality wafer
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pi voting notor 4d of the wafer noving nmechanism4 to nake

the waf.ers 1 and 2 opposite to each other alnost in the hori zont al
di recti.on. In step SII11, data for adjusting the gap between the
: 6. _

can be manufactured.
According to the present invention, a substrate support
table which can be manufactured at low cost can be provided.
The present invention is not limited to the above
5 embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.
Therefore, to apprise the public of the scope of the present

invention, the following claims are made.
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wafers 1 and 2 to a set value is prepared on the basis of 5 the
measurenent result, of the thicknesses of the wafers 1 and 2. The
~Z-axis stage 5 is controlled on the basis of the data to adjust the
gap between the wafers 1 and 2. 1. I n step S1112, the second val ve
driving section 119d opens the valwe 119b, so t he—ftrst- V\B:fei;i——i-sﬁ

chucked by the 10 wafer support table 31. "
press pin 6a’is pivoted about the shaft 6b by con l"ﬂ"ﬂg' #ﬂm
notor 6d of the press mechani sm 6 unti | the i stal *end peortw ors O

press pin WHAT IS CLAIMED IS:
1. A substrate processing apparatus for overlaying
two substrates and bringing the substrates into contact
with each other comprising:
5 support means for supporting the first substrate;
and -
pressing means for pressing the second substrate
against. the first substrate, the second substrate
opposing the first substrate éupported by said support
10 means,
wherein said support means has a support member
contacting a peripheral portion of one surface oflthe
first substrate to support the first substrate.
2. ‘The apparatus according to claim 1, whrein said
15 support means has chuck means for chucking the first
substrate on said supbcrt member.
3. Thé apparatus according to claim 2, wherein said
chuck means has an annular groove on a surface of said
support member, and the first substrate is chucked by
20 said support member by reducing a pressure in the
groove.
4.. The apparatus according to any one of claims 1 to
3, wherein said support member has an annular shape.
5. Thé apparatus according to any one of claims 1 to
25 4, wherein said support member supports an outermost

portion of one surface ci the first substrate.
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6a roughly contacts the | ower surface of the wafer 2. 15 ~In step
S1114, chucking of the waf t he wafer chuck portion 4c is
canceled. In Step S1115, the pivoting notor 6d and a vibrator 6c¢ of

t he press nechapi rol | ed to press the press pin 6a against
t'he | ower surdE!l‘ﬂi“l Inﬂn!ljﬁﬂnwafer 2 élﬁ simul taneously vibrate the press
c p

pi n 6a. \When « s executed inmedi ately after step S1114,
-cancel of chucking of the wafer 2 and pressing can be perfornmed al nost
si mul t aneously. Pressing nay be started after step S1114, e.g., after

a predeterm nedgti me tReCQYPLALEAtus according to any one of claims 1 to
5, wherein said pressing means presses the second
substrate substantially at a central portion thereof.
7. The apparatus according to any one of claims 1 to

5 6, whrein said support means has, inside said support
member, a deflection prevention member for preventing
deflection of the first substrate.

8. The apparatus according to claim 7, wherein said
deflection prevention member supports the first
10 substrate substantially at a central portion thereof,
thereby preventing deflection of the first substrate.
9. The apparatus according to claim 7 or 8, wherein
a portion where said support member is in contact with
the first substrate and a portion where said deflection
15 prevention member 1is ' in contact with the first
substrate are positioned substantially in the same
plane.
10. The apparatus according to any one of claims 1 to
9, wherein the apparatus further comprises substrate
20 manipulation means for canceling support of the second
substrate after the second. substrate is supportéd to
oppose the first substrate supported by said support
means, and said pressing means presses the second
substrate in synchronism with cancel of support of the
25 second substrate by said substrate manipulation means.

11. The apparatus according to claim 10, wherein said
' This is the replacement sheét
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When the wafers 1 and 2 are conpletely in contact with 25 each ot her, the
pivoting notor 6d of the press nechanism6 is controlled ta return the
press pin 6a to the injtial -56 -

Posttion tn otep suie. 1 step suiat. sge. prvoting NN AN

support means substantially horizontally supports the

first substrate, and said substrate manipulation means

substantially horizontally supports the second

substrate above the firsﬁ substrate and then ‘cancels
5 support of the second substrate.

12. A substrate support apparatus for supporting one

of two substrates to be overlaid and brought into

contact with each other comprising:

a support member contacting a peripheral portion

10 of one surface of a substrate to support the substraté.

13. The apparatus according to claim 12 further

comprising chuck means for chucking the substrate on

said support member.

14. The apparatus accofding to claim 13, wherein said
15 chuck means has an annular groove on a surface of said

support member, and the substrate is chucked by said

support member by reducing a pressure in the groove.

15. The apparatus according to any one of claims 12

to 14, wherein said support member has an annular shape.
20 1s6. The apparatus according to any one of claims 12

to 15 further comprising, inside said éupport member, a

deflection prevention mémber for preventing deflection

of the substrate.

17. The apparatus according to claim 16, wherein said
25 deflection prevention member supports the substrate

substantially at a central portion thereof, thereby

This is the replacemsnt shest
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4d of the wafer noving nmechanism4'is controlled to return t he wafer
chuck portion 4c to the initial-position. In step S1118, the
val ve- 119b isTclioSed to return the 5.interior of the chuck grooves 3a and

MR 111111111 1 e e S M AL A

waf er suppors éppéra us' 3 downward to the initial state. Wth this
operation, the wafers in contact with each other are 10 supported by the
| oad pins 13. In step S1120, the wafer transfer robot 10 is
controlled preventing deflection of the substrate.

18. The apparatus according to c¢laim 16 oxr 17,

wherein a portion where said support member is in
contact with the substrate and a portion where said
5 deflection prevention member is in contact with the
substrate are positioned -substantially in the same
plane.
19. A substrate processing method of overlaying two
substrates and bringing the- substrates into contact
10 with each other comprising:
supporting a first substrate by a support member
contacting a peripheral portion of one surface of the
first substrate, and pressing a second substrate toward
the first substrate, the second substrate opposing the
15 first substrate, thereby bringing the first and second
substrates into contact with each other.
20. The method according to c¢laim 19, wherein a
support member having a chuck mechanism is used as the
.support member.
20 21. The method according to claim 19 or 20, wherein
an annular support member is used as the support member.
22. The method according to any one of claims 19 to
21, wherein the support member supports an outermost

portion of the first substrate.

25 23. The method according to any one of claims 19 to
22, wherein the second substrate is pressed
This is the replacement sheet
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to transfer the wafers in contact with each other to the wafer

cassette 9 and store themin the wafer cassette 9. N In_step
S1121, it is determ ned whether contact 15 pracessi een performnmed
for ‘all wafers stored in the mafetﬁgqssettes 7 *@ﬁ mm Lﬂlmhich
have not been processed yet remain~—the flowre s #M02 to
r epeat the processing. If it is determ ned that contact processing
has been perforned for all wafers, the series of processing 20 operations
are ended. At this time, the operator is preferably notified of the
end of process@ﬁ%éﬁéﬁ%ﬁdey(ég'é”bentral portion thereof.

24. The method according to any one of claims 19 to

23, wherein the step of pressing the second substrate
comprises bringing a deflection prevention member
5 formed inside the support member into contact with the
first substrate. T
25. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
with each other comprising the steps of:
10 transferring first and second substrates to the
' substrate processinglapparatus of any one of claims 1
to 11,
overlaying the first and second substrates and
bringing the substrates into contact with each other by
15 the substrate processing apparatus; and
receiving the substrates in contact -with each
other from the substrate processing apparatus.
26. A substrate processing method of overlaying two
substrates and bringing the substrates into confact
20 with each other comprising the steps of:
causing the substrate support apparatus of any
one of- claims 12 to 18 to support a first substrate;
.opposing a second substrate to the first
substrate supported Dby the substrate support
25 apparatus; and

overlaying the first substrate and the second
- Thiz = the replacement sheet
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on the display panel 16a or a buzzer sound. As descri bed above,
according to the wafer processing apparatus 1000, 1) since pressing is
started in"synchronism 25 wth cancel of chucking of thhe upper wafer 2,

the dgas bet ers 1 and 26@an be properly renoved outward, 2)
e T

substrate and bringing the substrates into contact with

each other.
27. A method of manufacturing a substrate comprising
the steps of:
5 preparing first and second substrates; and
- bringing the first and second substrates into
contact with each other by the substrate processing
method of any one of claims 19 to 24.
28. A method of manufacturing an SOI substrate
10 comprising the steps of:
preparing first and second substrates;
bringing the first and second substrates into
contact with each other by the. substrate processing
methoa of any one of ciaims 19 to 24 to prepare a
15 substrate having a layer in which a single-crystalline
Si -layer and an insulating layer are stacked; and
separating the substrates which are in contact
with each othér at a portion other than a contact
interface to prepare one of the separated substrates as
20 the substrate having the single-crystalline Si layer on
the insulating layer.
29. A substrate support table comprising a member
consisting of a silicon material.
30. A substrate support table comprisihg a member
25 formed from a silicon wafer.

31. The table according to <claim 30

" This Sheet Has Been Rep

T O




t he upper wafer 2 does not slide when the wafers 1 and 2 oppose each
ot her, the two—wafers—t—and—2—ean be properly positioned, 3) since

t he gap bet wafers 1 and 2 can he adj usted to an appropriate
di st ance, @Hm i”ﬂ!ﬁ ﬂ manuf acturggl 5 wafer can be unifornmed, and

t he wafers 1 classified in advance, 4) the- surfaces
of the wafers 1 and 2“can be prevented from bei ng contam nated by
particles, 5) darmage to the peripheral portions of the wafers can be
prevented, and 6) gas entrapnent between the wafers can be

comprising a chuck portion for chucking a substrate to
be supported.

32. The table according to claim 31, wherein said
chuck portion is formed by lithography.

5 33. The table according to claim 31, wherein said
chuck portion is formed by etching the silicon wafer.
34. The table according to claim 31, wherein said
chuck portion is formed by wet-etching the silicon
wafer. .

10 35. The table according to any one of claims 32 to 34,
wherein said chuck portion includes sealing por;ions
for wvacuum-chucking the substrate and a suction hole
for exhausting a gas in a space defined by said sealing
portiéns.

15 36. The  table according to claim 35, wherein said
sealing portions are doubled along inside a periphery
of the substrate to be supported, and the suction hole
communicates_ with the space between said doubled
sealing portions.

20 37. The table according to Claim 35 or 36, wherein
said sealing portions project to have a bank shape at
the periphery.

38. .The table according to claim 37, wherein in
chucking the substrate, only said sealing portions are

25 Dbrought into contact with the substrate.

39. The table according to any one of claims 35 to 37
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10 decreased by vibrating the wafers during pressing. In
addition, according to the wafer processing ~ apparatus 1000, only the
sealing portions 3la and 31b and t he deflectLon“preventrﬂﬂ—portrbns

31lc of the wafer support table 31 gome into ¢
surface of the first 15 wafer 1. For IS reason, “ I Ies
adhere to the central portion of the wafer sup r t he

central portion of the |lower surface of the first mafer 1, the first
waf er can be supported in an alnost flat state. , I'n other words,

unevenness on t'iﬁ_r%%léﬁoréc@ﬂ:r‘@ﬁfg Ja d4€fi&ction prevention portion for
preventing fhe chucked substrate from deflecting.

40. The table according to claim 39, wherein said
deflection prevention portion is formed l_aetween said

5 sealing portions.

41, The table according te claim 39 or 40, wherein in
chucking the substrate, only said sealing portions and
said deflection prevention portion are brought into
contact with the substrate. -

10 42. The table according to any one of claims 39 to 41,
wherein surfaces of said sealing portions and said
deflection prevention portion, which are in contact
with the substrate to be supported, are positioned
substéntially in the same plane.

15 43. The table according to any one of claims 31 to 35,

- wherein said chuck portion is located at a position
where a peripheral portion of the substrate to be
supported can be chucked.

44 . The table according to any one of c¢laims 30 to 43,

20 wherein a pin hole through which a load pin for
vertically moving the- substrate to be supported on said
substrate support table is inserted extends through the
main body.

45, The table according to any one of claims 30 to 44,

25 wherein the silicon wafer complies with the SEMT

standard or the JAIDA standard. e e
fnis is the replacement shest
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20 particles which may adhere to the central portion of the wafer
support tableor the first wafercanbeprevented. -Therefore, .. ____when the

two wafers are brought. into contact with each oth as entrapnent
bet ween the wafers can be effectively preve !’mwmﬂlﬁﬂw
Furthernore, since the wafer processi ng'gpparat us » ys t he
waf er support table 31 manufactured by

46. A substrate processing apparatus comprising:
a substrate support table of any one of claims 29
to 45,
wherein a substrate supported by said substrate
5 support table is processed.
47. A substrate processing apparatus for overlaying
two substrates and bringing the substrates into contact
with each other comprising:
an attachment/detachment mechanism for
10 attaching/detaching said substrate support table of any
one of claims 29 to 45; and
pressing means forlpressing a second substrate
toward a firs; substrate supported by said attached
substfate support table, the second substrate opposing
15 the first substrate.
48. The apparatus according to claim 47, whefein said
pressing means presses the second substrate
substantially at a central portion thereof.
49. The apparatus -according to claim 47 or 48,
20 wherein said apparatus further comprises substrate
manipulation means for canceling suppért of the second
substrate after the second substrate is supported to
oppose the first substrate supported by said substrate
support table, and said preSsing means presses the
25 second substrate in synchronism with cancel of support

of the second substrate by said substrate manipulation

s
53
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-58 - fabricating a wafer, the problem of contam nation (e.g.

net al contanination) by the material of the wafer support table is
al so -sol ved. ————FAppHeation-Exanpl e of Wafer Processing Apparat us] 5
~An -appl i cation exanpl e of the wafer pro%f33|n apparatus according to

bel ow. Figs. 13A to 13F are

fotthe

means.
50. The apparatus according to claim 49, wherein said
substrate support table substantially horizontally
supports the first substrate, and said substrate
5 manipulation means substantially horizontally supports
the second substrate above the first substrate and
then cancels support of the second substrate.
51. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
10 with each other comprising the steps of:
causing the substrate support table of any one of
claims 29 to 45 to support a first substrate;
opposing a second substrate to the first
substfate sﬁpported by the substrate support table; and
15 overlaying the first substrate and the second
substrate and bringing the substrates into contact with
each other.
52. A substrate processing method of overlaying two
substrates and bringing the substrates into contact
20 with each other comprising the steps of:
transferring first and second substrates to the
substrate processing apparatus of any one of claims 46
to 50;
overlaying the fi:ét and second substrates and
25 Dbringing the substrates into contact with each other by

the substrate processing apparatus; and Thhisiherepmcementsheet
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manuf acturing a wafer having, e.g., an SO structure. : A
single-crystalline Si wafer 501 for formng the first 10 wafer 1 is
prepared. A porous Si layer 502 is fornmed on a. maj or surface of the

Fggglre-Sggy?tsa}loirPrgdSionwafer StOﬁe ioorou(sgi ? I 232 53!“““&“““ lmﬁl‘slﬂmrﬂ]gus

non- por ous | ayer 503, a single-crystalline Si % ayer! a"
polycrystalline Si 15 layer, an anorphous Si |ayer, a netal |ayer, a
sem conduct or conmpound | ayer, or a superconductor layer is suitable. A

device such as a MSFEI.JRY; RS fHdd R etA8 RONTROTONF A &Y e with each

other from the substrate processing apparatus.
53. A method of manufacturing an SOI substrate
comprising the steps of:
5 preparing first and second substrates;
bringing the first and second substrates into
cbntact with each other by the substrate processing
method Qf claim 51 or 52 to prepare a substrate having
a layer in which a single-crystalline Si layer and an
10 insulating layer are stacked; and
separating the substrates which are in contact
with each other at a portion other than a contact
interface to prepare one of the separated substrates as
the substrate having the single-crystalline Si layer on
15 the insulating layer.
54. A cleaning method comprising:
cleaning the substrate support table while
accommodating the substrate support table of any one of
claims 29 to 45 in a wafer cassette for storing a wafer
20 for manufacturing a semiconductor device.
55. A method of handling the wafer processing
apparatus of any one of claims 46 to 50 comprising the
steps.of:
detaching the subhstrate support table from the
25 wafer processing apparatus;

cleaning the substrate support table while

This is the ranlacement sheet
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503. An SiJerr] layer 504 is forned on the non-porous |ayer 503
20 to obtain a first wafer 1 (Fig. 13C). The first wafer 1 with t he
Si .-l ayer 504 facin is stored in the wafer cassette 7.

- The second waf e l‘ﬁu,ﬁlmﬁﬁ mmlThe secqpd wafer 2 with its surface
facing up is st cassett/®™8. 25 The wafer shown in
Fig. 13C nay be stofed i tfe Vafer cassette 8 as the second wafer
whi | e anot her wafer may be

accommodatilng the detached substrate support table in a
wafer cassette for storing a wafer for manufacturing a
semiconductor device; and
attaching the cleaned substrate support table in
5 the wafer processing apparatus.
56. A method of manufacturing a substrate support
table comprising the steps of:
forming an Si0, film to cover an entire silicon
wafer;
10 forming a first photoresist £ilm on ‘one surface
of the Si0O, film;
patterning the first photoresist film to expose
the Si0, film at a portion where sealing portions for
vacuuﬁ chucking are to be.formed;
15 etching the Si0, film at the exposed portion to
expose the silicon wafer;
removing the remaining first photoresist film;
etching the silicon wafer at the exposed portion
to a predetermined depth;
20 forming an Si0, film to cover the entire silicon
wafer; |
-forming a second photoresist film on the other
surface of the $i0, film;
patterning the second photoresist film to expose
25 the Si0, film at a portion where a suction hole for

vacuum chucking is to be formed; W e s g remsnt 3hes
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- 59 - stored in the wafer cassette 7 as the first wafer. In this
case, the mafer shomn in Fig. 13Cis transferred to the wafer support
| wafer is transferre waf er movi ng

tngtc)lhgn?im 4n 5 l at e, t%e wafer processr ng appar at us of
he IIIIII 0 S

etching the Si0, film at the exposed portion to
expose the silicon wafer;
removing the remaining second photoresist film;
etching the silicon wafer at the exposed portion
S5 to form the suction hole extending through the silicon
wafer; and -
removing the remaining SiQ, f£ilm.
57. A method of manufacturing a substrate support
table coﬁprising the steps of:
10 forming a first film to cover an entire silicon
wafer;
forming a first photoresist film on one surface
of the first f£ilm;
'patterning the first photoresist film to expose
15 the first film at a portion where sealing portions for
vacuum chucking are to be formed;
etching the first film at the exposed portion to
expose the silicon wafer;
removing the remaining first photoresist film;
20 etching the silicon wafer at the exposed portion
to a predetermined depth;
forming a second film to cover the entire silicon
wafer;
forming a second photoresist film on the other

25 surface of the second film;

patterning the sacond photoresist film to expose
“This is the replacemept sheet
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third enbodiment is operated. - The first wafer 1 and the second

wafer 2 come into contact with each other while sandwi ching the Si Q2
| ayer 504 (Fig. 13D), and stored in the waf er cassette 9. 10

The wafers in c ot her (Fy 13D) may be -subjected to
anode bondi ng, HM‘"“H“";LWH“ treatne:ﬁg as needed, or these
processi ng operati ohs ymay be cenbi ned firmy bond the waf ers.

As the second wafer 2, an Si wafer, an Si mafer with 15 an SiQ2 |ayer
fornmed thereon, a transparent wafer consisting

the second film at a portion where a suction hole for
vacuum chucking is to be formed;
etching the second film at the exposed portion to
expose the silicon wafer;
5 removing the remaining second photoresist film;
etching the silicon wafer at the exposed portion
to form the suction hole extending through the silicon
wafer; and

removing the remaining second film.

This Sheet Has Been Replaced
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of silica glass, or a sapphire wafer is suitably used. However, any
ot her wafer can be used as the second wafer 2 as far as it has a
suff|C|entIy flat surface to be bonded. Next, the first wafer 1
is removed fromthe second wafer 20 2 to expose the porous Si |ayer 502
(Fig. 13E). The porous Si layer 5081is selectively et ched and
renmoved. - Fig. 13F schematically shows the wafer obtained by the above
manuf act ur i NSUBSTRATE PROCESSING ARPABAJUSy SUBSTRATESURRORT APRARAEUS,0d,
the two WSUBSTRATE PROCESSING METHOD, ADW SUBSTRATE MANUSACTURING METHOD

appropriately ABSTRACT OF THE DISCLOSURE

Two wafers are properly brought into contact with
each other. The first wafer is supported by a wafer
support table (3) having an annular peripheral portion

5 (3d). The substrate support table (3) is in contact
with only the peripheral portion (3d) of the first
wafer. While the second wafer opposing the first wafer
is supported, the lower surface of the second wafer is
pressed near its central portion, so the first and

10 second wafers come into contact with each other outward
from the central portion. The central portion (3c).of
the wafer support table (3) is not in contact with the
first wafer. Even when particles adhere to the central
portibn, unevenness on the supported first wafer can be .

15 prevented. Therefore, no gas is left between the
wafers. This invention also provides a wafer support
table formed by fabricating a silicon wafer. A
commercially available silicon wafer is fabricated by
lithography to prepare a wafer support table (31). The

20 wafer support table (31) has sealing portions_(31a,
31b) and deflection prevention portions (31lc). The
wafer - to be supported is chucked by reducing the
pressure between the sealing portions (31a, 31b). The
wafer to be supported is in contact only with the

25 sealing portions (31a, 31b) and the deflection

prevention portions (31lc). Tids i ho replzcsment sheet
Figure 1 Dater RO AR SSS
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rgg)%ng any gas between the wafers, so a high-quality wafer

can be manuf act ured. According to the present
|n\@ﬁ5mﬁ s%mg-i-q)mrt - table which can be manuf gehiidNat | ow
kP! SG 9805844-9

Box Il TEXT OF THE ABSTRACT (Continuation of item S of the first sheet)

A support table (3) has peripheral support means (3a, 3b) for supporting a first wafer (1). A second wafer (2)
supported just above the first wafer is pressed near its central portion, so that the first and second wafers come into
contact with each other outwardly from the central portion. The gap between the first wafer (1) and the central region of
the support table (3) prevents unevenness of the first wafer (1) from particles adhering to its underside or to the central
region of the support table (3). Hence gas entrapment between the two wafers (1, 2), as they come into contact, is
avoided.

The support table (3) can be fabricated from a silicon wafer, using lithographic processes, and is suitable for use in
bonding wafers, eg, in forming an SOI structure. It may have annular grooves (3a, 3b) in its peripheral portion for
chucking the first wafer (1), and may have further support means, between grooves (3a, 3b) and/or in its central region,
for minimising deflection of the first wafer (1).
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The present invention is not limted to the aboy epgPL ACHIRENT BBE_EE
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Vari ous changesand—#edi-fications can be nade ri
scope of the.pregsent invention. Therefore, t ppr.i Z l{c of the
scope of then?1 s Been Réplageint i on, the fol | owi ng €l |3TBS{?%¢ %d .
e i
-61 -
WHAT IS CLAIMED IS:
1. A substrate processing apparatus for overlaying two

substrates and bringing the substrates into contact with each
other comprising:

support means for supporting the first substrate; and

pressing means for pressing the second substrate against
the first substrate, the second substrate opposing the first
substrate supported by said suppoft means,

wherein said support means has a s-upport member contacting
a peripheral portion of one surface of the first substrate to
support the first substrate and chuck means for chucking the first
substrate on said support member.
2. The apparatus according to claim 1, wherein said chuck
means has an annular groove on a surface of said support member,
and the first substrate is chucked by said support member by
reducing a pressure in the groove.
3. The apparatus according to claim 1 or 2, wherein said
support member has an annular shape.
4. The apparatus according to any one of claims 1 to 3, wherein
said support ﬁember supports an outermost portion of one surface
of the first substrate.
5. The apparatus according to any one of claims 1 to 4, wherein
said pressing means presses the second substrate substa;ntially
at a central portion thereof.
6. The apparatus according to any one of claims 1 to 5, wherein

said support means has, inside said support member, a deflection

—
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A substrate processing apparatus for over | ayi ng—+we °'-h°fr9tﬁ< gnd

b?lnglng t he substrates—into contact with each otfeﬁFﬁkﬂﬁHMENTthEEr

support neans sup orting the first substrate; and p+-8ssllg fneans
pressi ng a&s‘ﬁ epitedt he second substrate {a g ﬁ 0 Qig f|r t

substrat e, fr t he seco Substrate d gg g

surface of the e supported by said suﬁpﬁf+~ﬁeaﬂs~

wherei n said support neans i ncl udes:

prevention member for preventing deflection of the first
substrate.

7. The apparatus according to claim 6, wherein said deflection
prevent ion member supports the first substrate substantially at
a central portion the;eof, thereby preventing deflection of the
first substrate.

8. The apparatus according to claim 6 or 7, wherein a portion
where said support member is in contact with the first substra:ce
and a portion where said deflection prevention member is in
contact with the fifst substrate are positioned substantially
in the same'plahe.

9. The apparatus according to any one of claims 1 to 8, wherein:
the apparatus further comprises substrate manipulation means for
canceling support of the second substrate af;er the second
substrate is supported to oppose the first substrate supported
by said support means, and said pressing means presses the second
;ubstrate in synchronism with cancél of support of the second
substrate by said substrate manipulation means.

10. The apparatus according to claim 9, wherein said.support
means substantially horizontally supports the first substrate,
amﬂsaLisubstratemanipulationn@anssubstantiallyhorizontally
supports the second substrate above the first substrate and then
cancels support of the second substrate.

11. A substrate support apparatus for supporting one of two
substrates to be overlaid and brought into contact with each other
comprising:

a support member contacting a peripheral portion of one

THIS SHEET HAS BEEN
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a support nmenber having an annul ar perlpheral po§
te, and an

back surface o

I nt e}

pth a

.| REPLAGEMENT, SkiETeri or to

sai d annul ar peripheral portion, that does not c@ntraet-—wth-the-pagk
surface of the ’IfhisSB&etHddbSJn lé:éed and chtich %gnaﬁtoirgg icki ng the
first substrat epﬁ%ﬁ!’r ar peri phgral porti én, ¢rein said
pressi ng nmeans k surfacgdd t he s¢core-surface—at~ajportion
within said inte of said support menber to bring the front

surfaces of the

surface: of a substrate to support the substrate; and
chuck means for chucking the substrate on said support

member.

12. The apparatus according to claim 11, wherein said chuck
means has an annular groove on a surface of said support member,
and the substrate is chucked by said support member by redﬁcing
a pressure in the groove.

13. The apparatus according to claim 11 oxr 12, wherein said
support member has an annular sl';a'pe_.

14. The apparatus' ;accordiné to any one of claims 11 to 13 further
comprlelng, 1ns:Lde Sald support member, a deflectlon prevention
member for preventing deflectlon of the substrate.
S t15.° 'I'he apparatus according to claim 14, wherein said
| deflection preven_tion member supports the substrate
substantially at a central portion therecof, thereby preventing
deflection of the subst:ra:te.'

16. The apparatus according to claim 14 or 15, whereitiaportion
where said support member is in eontact with the substrate and
a portion where said deflection prevention member is in contact

with the substrate are positioned substantially in the same

plane.
17. A substrate processiﬁg method ot‘ overlaying two substrates
and bringing the substrates into contact with each other
comprising:

supporting a first substrate by a support member having
a chuck mechanism and contacting a peripheral portion of one

surface of the first substrate, and pressing a second substrate

BT
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fi rst and second substrates into contact with each other. 2. The
appar at us accordi-ng—to—etatrm-1; wherein sai d chuck —reens—tmncioges
annul ar groove on said support menber, and the fi 4 SRERUMEEMENTeS HEETcFucked
by sai d supphisiSherelids BeenlRgplacedduci ng a pressure in gaije—groove:

T N T

toward the first substrate, the second substrate opposing the

first s ibstrate, thereby bringing the first and second substrates
into ccntact with each other.
18. The method according to claim 17, wherein an annular
supf_:ort member is used as the support member.
19. The method according to claim 17 or 18, wherein the su';::port
member supports an outermost portion of the first substrate.
20. The method according to any one of claims 17 to 18, wherein
the second substrate is pressed éubstantially at a central
portion thereof.
21. The method accord:i_.ng to any one of claims I17 to 20, wherein
the steo of pressing the second substréte comprises bringing a
deflection prevention member formed _inside the suppoft member
in;o contact with the first substrate. |
22. A substrate processing method of overlaying two substrates
and bringing the substrates into contact ~with each other
comprising the steps of:

transferriﬁg first and second substrates to 1':he substrate
processing apparatus of any one of claims 1 to 10,

cverlaying  the first and second substrates and bfinging
the substrates into contact with each other by the substrate
processing apparatus; and

receiving the substratés in contact with each other from
the substrate processing apparatus.
23. A substrate processing method of overlaying two substrates

and bringing the substrates into contact with each other

comprising the steps of:

R 0 S ST A B
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3. The apparatusw;“gn 1, wherein said support means further
includes a deflection prevention nber for prﬁ . of the
first substrat eThisShéetiHas@RL l.gn prevention ne bEEPWEh&NTr SHEEEgG on said
interior porti oE’ﬂ’Hm m 11%Ei}ort menber . 4. Fhe—appar-attsqadcor di ng

to claim 3, wher ection prevention manb t first

substrate subst l central p__ tion tHer of“t ?@og?g

deflection of the first substrate.

causing the substrate support apparatus of any. one of
claims 11 to 16 to support a first substrate;

opposing a second substrate to the first substrate
supported by the substrate support apparatus; and

overlaying the first substrate and the second substrate
and bringing the substrates into contact with each other.‘
24. | 2 method of manufacturing a substrate comprising the steps
of: ‘

rreparing first and second substrates; and

kxringing the first and second substrates into contact with-
each other by the substrate processing method of any one of claims
17 to 21.
25. 2 method of manufécturing an SOI substrate comprising the
steps of:

preparing first and second substrates;

kringing the first and second substrates into coﬁtact with
each other by the substrate processing. method of any one of claims
17 to 21 to prepare a substrate having a layer in which a
single-crystalline Si 1ayer'and an insulating -1ayer are stacked;
and

separating the substrates which' are in contsct with each
other at a portion other than a contact interface to prepare one
of the separated substrates as the substrate having the
single-crystalline Si layer on the insulating layer.
26. A substrate support table comprising a member consisting.

of a silicon material.

27. A substrate support table comprising a member formed from

THIS SHEET HAS BEEN
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5. The apparatus according to claim3, wherein a portion where said

suppor t rren‘ﬁeH—sq_n_canLMth the first substrate and a DOI’TIQ’] wher e
sai d deflecti reventlon menber is in contact E\Q@\ﬂ EEybptrate
are substan eeinBephiesde pl ane. 6. The !5 us acrnr ihg to
claim1l1 furt h substrate mani pul ati oh peans, havi ng pnf annul ar
support menb mm" a peripher6®-portionlof 2@ BECKIMr fate

i .

é
s

a silicon wafer.

28. The table according to claim 27 further comprising a chuck
portior. for chucking a substrate to be supported.

29. The table according to claim 28, wherein said chuck portion
is formed by lithography.

30. The table according to claim 28, wherein Said chuck port;ion
is formed by etching the silicon wafer.

31. The table according to claim 28, wherein said chuck portion
is formed by wet-etching the silicon wafer7

32. - The table according to any one of claims 29 to 31, wherein
said chuck portion includes sealing pdrtions for vacuum-chucking
the sukstrate and a suction hole for exhausting a gas in a space
define¢ by said sealing portioms.

33. The table according to claim 32, whereip said sealing
portions are dbubled along inside a periphery of the substrate
to be supported, and the suction hole communicates with the space
between said doubled sealing pértions.

34. The table accoxding to claim 32 ;Jr 33, wherein said sealing
portions project to have a bank shape at the periphery.

35. The table according to claim 34,.wherein in chucking the
substrate, only said sealing portions are brought into contact
with the substrate.

36. The table according to any one of claims 32 to 34 further
comprising a defiection prevention portion for preventiﬁg the
chucked substrate from deflecting.

37. The table according to claim 36, ﬁherein said deflection

prevention portion is formed between said sealing portions.
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of the second-substrate, for manipulating the second substrate,

wherein said pressing neans presses the back sur

substrate at dﬁﬁsmkthngkgﬁup to said annul ar 3@33@&§M%@i&§$&@? sai d

substrate manip [ ?F% synchronismw tlh qancel of chucking of the
second substr at J’"IH”FH ul ar suppog7t menber | 23 DEC 1898 |-

f et

38. The table according to claim 36 or 37, wherein in chucking
the sukistrate, only said sealing portions and said deflection
prevention portion are brought into contact with the substrate.
39.. The table according to any one of claims 36 to 38, wherein
surfaces of said sealing portions and said deflection prevention
portion, which are in contact with the substrate to be suppoi'ted,
are positioned substantially in the same plane.
40. The table according to any'qne of claims 28 to 32, wherein
said chuck portion is located at a position where a peripheral
portion of the subsﬁrate to be supported can be chucked.
41. The table according to ény'one of claims 27 to 40, wherein
a pin hole through which a. load pin for vertically moving the
substrate to be supported on said substrate support table-is
inserted extends through the main body.
42 . The table according to any one of claims 27 to 41, wherein
the silicon wafer complies with the SEMI standard or the JAIDA
standard.
43, A substrate processing apparatus comprising:

& substrate support table of any one 6f claims 26 to 42,

wherein a substrate supported by said substrate support
table is processed.
44, A substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with each
other comprising:

an attachmept/detachment mechanism for

attaching/detaching said substrate support table of any one of

claims 26 to 42; and
-
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- 63- : The _appar at us accordi ng to claim®6, whg
means substantially horizonta pports the first

substrat e mani puhg;ghgg ubstantial ly hori zon{alg-y—stpports—tihe
second substrate )ﬁm” substrate and thep { i hg |of

t he
t wo

second subst
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subst rate pr ocessi

pressing means ’for pressing a second substrate toward a
first substrate supported by said attached substrate support
table, the second substrate opposing the first substrate.

45, The apparatus according to claim 44, wherein said pressing
means presses the sec.ond substrate substantially at a central
portion thereof. ‘

46. The apparatus according to claim 44_' or 45, wherein .?.aid

apparatus further comprises substrate manipulation means for

‘canceling support of the second substrate after the second

substrate is supported to oppose the first substrate supported

" by said substrate support table, and said pressing means presses

the second substrate in synchronism with cancel of support of
the second substrate by said substrate manipulation means.
47. The apparatus according to claim 46, whereiq said substrate
support table substantially horizontally supports the first
substrate, and said substrate manipulation means substantially
horizontally supports the second substrate above the first
substrate and then cancels support of the second substrate.
48. A substrate processing method of overlaﬁring two substrates
and bringing .the substrates 1into contact with each other
comprising'the steps of:

causing the substrate support table of any one of claims
26 to 42 to support a first substrate;

opposing a second substrate to the first substrate
supportad by the substrate support table; and

overlayj.ng the first substrate and the second substrate

and bringing the substrates into contact with each- other.
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substrates and bringing the substrates into contact—wtir—E

conpri si ng thesteps—of= preparing the subst} étl?é?tﬁ%télgﬁl ppar at us
of claim This S rting a first substrate by thefsupport neans

opposi ng a se mp cdo the first substrate} su rBED 1099t he
support neans , t surface of the secohd|subStrate opppsés to a
front surface substrate - 69 - pressing a back surfacegof the
second substrate at a

49. 2 substrate processing method of overlaying two substrates
and bringing the substrates into contact with each other
comprising the steps of:

transferring first and second substrates to the substrate
processing apparatus of any one of claims 43 to 47

cverlaying the first and second substrates and briiaging
the substrates into contact with each oth_er by the substrate
processing apparatus; and

receiving the substrates in contact with each other from
the substrate processing apparatus.
50. 2 method of manufacturing an SOI substrate comprising the
steps of:

| rreparing first and second substrates;

kringing tlte f_irst and second substrates int:o contact with
each other by the substrate processing method of claim 48 or 49
to prepare a substrate having a layer in .which a
single-crystalline Si layer and an insulatiné' layer are stacked;
and

separating the substrates which are in contact with each
other at a portion other than a contact interface to prepare one
of the separated substrates as tl'te substrate having the
single-crystalline Si layer on the insulating layer.
51. . A cleaning method comprising:

cleaning the substrate support table while accommodating
the substrate support table of any one of claims 26 to 42 in a

wafer cassette for storing a wafer for manufacturing a

semiconductor device.

OO s speer s e |
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portion wthin the interior portion of the suppor j essi ng

hreans to bri rTgThe—HLeﬁHuLiaces of the first n(ﬂ{E@QA@EME!S‘Dt&{EEﬁt ks into
contact with Qﬁgghegtrip A met hod of . manuflacit+ng—a

substrate corrp : preparijng| t
processi ng app ﬁm 563 Sﬂﬁ? §9§t
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52. . method of handling the wafer processing apparatus of any

one of claims 43 to 47 comprising the steps of:

cdletaching .the substrate support table from the wafer
processing apparatus;

c:leaning the.substrate support table while accomo@ating
the detached substrate support table in a wafer caséette for
storing a wafer for manufacturing a semiconductor device; and-

attaching the cleaned substrate support table in the wafer
processing apparatus.
53. A method of manufacturing a substrate support table
comprising the steps of:

forming an Si0, film to cover an entire silicon wafer;

forming a first photorésist film on one surface of the SiO,
£ilm;

patterqiﬁg the first photoresist film to expose the SioO,
film at a portion where sealing portions for vacuum chucking are
to b.e formed;

etching the Si0, film at the exposed portion to expose the
silicon wafer;

removing the remaining first photoresist film;

etching the silicon wafer at the exposed portion to a
predetermined depth;

forming an Si0, film to cover the entire silicon wafer;

forming a second photoresist film on the other surface of
the Si0, film;

patterniﬁg the second photorésist film to expose the Sio,

film at a portion where a suction hole for vacuum chucking is

L e
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g 64 - supporting a first substrate by the support neans;
bpposi hg asecond-—stubstrate-to the first substra STUPPOLL the
support neans so that a front surface of the seﬁgﬁﬁLAEJgrmﬁE%&% ppses to a
front surf hedt Hes Reerf Raphted Substrate; and pressinga back] siirface of

T [T

to be formed;

etching the SioO, film at the exposed portion to expoée the
silicor wafer;

removing the remaining second photoresist film;

etching the silicon wafer at the exposed portion to form
the suction hole extending through the silicon wafer; and

removing the remaining SiO, f£ilm.
54. A method of manufacturing a substrate support ta'.blge
comprising the stepé of: |

forming a firét £ilm to cover an entire silicon wafer;

forming a first photoresisﬁ £ilmon one surface of the first
£film;

patterning the first photoresist £ilm to expose the fifst
film at a portion where sealing portions for vacuu:ﬁ chuckiﬁg are
to iae formeqd; | |

etching the first £film at the exposed portion to expose
the silicon wafer;

removing the remaining first photoresist film;

etching the silicon wafer at the exposed portion to a
predetermined depth;

forming a second film to cover the entire silicon wafer;

forming a second photoresist f£ilm on the other surface of
the second film;

patterning the second photoresist £ilm to expose tHe second
film at a portion where a suction hole for vacuum chucking is

to be formed:

etching the second film at the exposed portion to expose
-
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portion wthin the interior portion of the support gerber sing

Treans to bring—thefront—surfaces of the first and

cont act vvith each other to manufacture a. bonded sul

met hod accorBi anieachquedV\her ein the fir and
sel ected so t bstrate having a SO st
manuf act ur ed. -72 -

the silicon wafer;
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hstrrate: he
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ry

removing the remaining second photoresist film;

etching the silicon wafer at the exposed portion to form

the suction hole extending through the silicon wafer; and

removing the remaining second film.
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SUBSTRATE PROCESSING APPARATUS, SUBSTRATE SEPPORT APPPARATUS,
SUBSTRATE PROCESSING METHOD, AND SUBSTRATE MANUFACTURING
METHOD
Abstract

A support table (3) has peripheral support means (3a, 3b) for supporting a first wafer
(1). A second wafer (2) supported just above the first wafer is pressed near its central portion,
so that the first and second wafers come into contact with each other outwardly from the
central portion. The gap between the first wafer (1) and the central region of the support table
(3) prevents unevenness of the first wafer (1) from particles adhering to its underside or to the
.central region of the support table (3). Hence gas entrapment between the two wafers (1, 2),

as they come into contact, is avoided.

The support table (3) can be fabricated from a silicon wafer, using lithographic
processes, and is suitable for use in bonding wafers, eg, in forming an SOI structure. It may
have annular grooves (3a, 3b) in its peripheral portion for chucking the first wafer (1), and
may have further support means, between lgrooves. (3a, 3b) and/or in its central region, for

minimising deflection of the first wafer (1).

Figure 4
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WHAT IS CLAIMED 1IS:

1. 2 substrate processing apparatus for overlaying two
substrates and bringing the substrates into contact with
each other comprising:

support means for supporting the first substrate; and

pressing means for pressing a back surface of the
second substrate against the first substrate, a front
surface of the second substrate opposing a front surface of
the first substrate supported by said support means,

wherein said support means includes:

a support member having an annular peripheral
portion in contact with a back surface of the first
substrate, and an interior portion, interior to said annular
peripheral portion, that does not contact with the back
surface of the first substrate; and

chuck means for chucking the first substrate at
said. annular peripheral portion, and

wherein said pressing means presses the back surface of
the second surface at a portion within said interior portion
of said support member to bring the front surfaces of the

first and second substrates into contact with each other.

2. The apparatus according to claim 1, wherein said chuck
means includes an annular groove on said support member, and
the first substrate is- chucked by said support member by

reducing a pressure in said groove.
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3. The apparatus according to claim 1, wherein said support

- 62 -

means further includes a deflection prevention member for
preventing deflection of the first substrate, said
deflection prevention member being provided on said interior

portion of said support member.

4. The apparatus according to claim 3, wherein said
deflection prevention member supports the first substrate
substantially at a central portion thereof to prevent

deflection of the first substrate.

5. The apparatus according to claim 3, wherein a portion
where said support member is in contact with the first
substrate and a portion where said deflection prevention
member is in contact with the first substrate are

substantially in the same plane.

6. The apparatus according to claim 1 further comprising
substrate manipulation means, having an annular support
member for chucking a peripheral portion of the back surface

of the second substrate, for manipulating the second

substrate,

wherein said pressing means presses the back surface of
the second substrate at a portion interior to said annular
support member of said substrate manipulation means in

synchronism with cancel of chucking of the second substrate

by said annular support member.
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7. The apparatus according to claim 6, wherein said
support means substantially horizontally supports the first
substrate, and said sﬁbstrate manipulation means
substantially horizontally supports the second substrate

above the first substrate and then cancels chucking of the

second substrate.

8. A substrate processing method of overlaying two
substrates and bringing the substrates into contact with

each other comprising the steps of:

preparing the substrate processing apparatus of claim

supporting a first substrate by the support means;
opposing a second substrate to the first substrate
supported by the support means so that a front surface of

the second substrate opposes to a front surface of the first

substrate;

pressing a back surface of the second substrate at a

portion within the interior portion of the support member by

the pressing means to bring the front surfaces of the first

and second substrates into contact with each other.

9. A method of manufacturing a bonded substrate comprising

the steps of:

preparing the substrate processing apparatus of claim

REPLACEMENT SHEET

0 2 FEB 2001




R

* [ L M 5 *

supporting a first substrate by the support means;

opposing a second substrate to the first substrate
supported by the support means so that a front surface of
the second substrate opposes to a front surface of the first
substrate; and

pressing a back surface of the second substrate at a
portion within the interior portion of the support member by
the pressing means.to bring the front surfaces of the first
and second substrates into contact with each other to

manufacture a bonded substrate.

10. The method according to claim 9, wherein the first and
second substrates are selected so that a bonded substrate

having a SOI structure is manufactured.
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SUBSTRATE PROCESSING APPARATUS, SUBSTRATE SUPPORT APPPARATUS,
SUBSTRATE PROCESSING METHOD, AND SUBSTRATE MANUFACTURING
METHOD
Abstract

A support table (3) has peripheral support means (3a, 3b) for supporting a first wafer
(1). A second wafer (2) supported just above the first wafer is pressed near its central portion,
so that the first and second wafers come into contact with each other outwardly from the
central portion. The gap between the first wafer (1) and the central region of the support table
(3) prevents unevenness of the first wafer (1) from particles adhering to its underside or to the
central region of the support table (3). Hence gas entrapment between the two wafers (1, 2),

as they come into contact, is avoided.

The support table (3) can be fabricated from a silicon wafer, using lithographic
processes, and is suitable for use in bonding wafers, eg, in forming an SOI structure. It may
have annular grooves (3a, 3b) in its peripheral portion for chucking the first wafer (1), ahd
may have further support means, between grooves (3a, 3b) and/or in its central region, for
minimising deflection of the first wafer (1).

Figure 4
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