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Substrate Processing Apparatus, Substrate Support Apparatus,
Substrate Processing Method, and Substrate Manufacturing Method

ABSTRACT OF THE DISCLOSURE

Two wafers are properly brought into cont;ct with
each other. The first wafer is supported by a wafer
support table (3) having an annular peripheral portion

5 (34) . 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

e oo

“ %’ from the central portion. The central portion (3c) of

e the wafer support table (3) is not in contact with the

first wafer. Even when particles adhere to the central

*e%ee” portion, unevenness on the supported first wafer can be
coce

Teet 15 prevented. Therefore, no gas 1is 1left between the
«tte.s wafers. This invention also provides a wafer support
sgeees table formed by fabricating a silicon wafer. A

commercially available silicon wafer is fabricated by
"% o lithography to prepare a wafer support table (31). The
20 wafer support table (31) has sealing portions (31la,
31b) and deflection prevention portions (31c). The
wafer to be supported 1is chucked by reducing the
pressure between the sealing portions (3la, 31b). The
wafer to be supported is in contact only with the
25 sealing portions (31la, 31b) and the deflection

prevention portions (31c).
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TITLE OF THE INVENTION
SUBSTRATE PROCESSING APPARATUS,
SUBSTRATE SUPPORT APPARATUS,
SUBSTRATE PROCESSING METHOD, AND

SUBSTRATE MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates toa 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.

The present invention also relates to a substrate
support table consi'sting 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.

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

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

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

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 gasbetween thewafers gradually moves
outward, the contact area expands, and finally, the entire
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
contamination due toalignmerit 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

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

horizontal plane is required.
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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
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
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 waferé 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
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
the press pin is not 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 gés
between the wafers sometimes escapes before tﬁe wafers are

pressed by the press pin.

In this case, since the wafers

cannot be brought into contact while gradually removing the
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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 device, a substrate support apparatus for supporting a substrate by
s - vacuum chucking is used. As a substrate support table, i.e., a unit of the substrate support
apparatué, normally, a plate consisting of a metal or ceramic material with high rigidity
and having a chuck groove is used.
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 B
In accordance with a first aspect of the invention there is provided a substrate
processing apparatus for overlaying two substrates and bringing the substrates into
contact with each other comprising:
15 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

cseeed substrate supported by said support means,
. wherein said support means includes:
e 2 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

egeces 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
25 wherein said pressing means presses the back surface of the second surface at a
vee 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.
In the apparatus, the chuck member preferably includes an annular groove on
said support member, and the first substrate is chucked by said support member by
30 reducing a pressure in said groove.
In the apparatus, the support means preferably 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.
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In the apparatus, the deflection prevention member preferably supports the first
substrate substantially at a central portion thereof to prevent deflection of the first
substrate.

In the apparatus, preferably a portion where said support member.is in contact

s with the first substrate and a portion where said deflection prevention membet is in
contact with the first substrate are substantially in the same plane.

The apparatus preferably further comprises 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,

10 wherein said pressing means presses the back surface of the second substrate at a
portion interior to said annular support member of said substrate manipulaggn means in
synchronism with cancel of chucking of the second substrate by said annular support
member.

In the apparatus, the support means preferably substantially horizontally supports

15 the first substrate, and said substrate manipulation means substantially horizontally
supports the second substrate above the first substrate and then cancels chucking of the
second substrate.

i AAEH In accordance with a second aspect of the invention, there is provided a substrate

M processing method of overlaying two substrates and bringing the substrates into contact

I 20 with each other comprising the steps of:

preparing the above-mentioned substrate processing apparatus (of claim 1);

supporting a first substrate by the support means;

I 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
25 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.
In accordance with a further aspect of the invention, there is provided a method
3  of manufacturing a bonded substrate comprising the steps of:
preparing the above-mentioned substrate processing apparatus (of claim 1);
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

[R:ALIBOO}4969.doc:gmm
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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.

Preferably, the first and second substrates are selected so that a bonded substrate
having a SOI structure is manufactured. =

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.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view schematically showing the overall arrassgement of a
wafer processing apparatus according to a preferred embodiment of the presént invention;
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

the wafer processing apparatus

i

THE NEXT PAGE IS PAGE 17

(R:\LIBO0O]4969.doc:gmm
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shown in Figs. 1 and 2;

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

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
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;

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 planview showing the arrangement of a wafer
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
a wafer support apparatus including the wafer support table

shown in Fig. 16;

- 17 -
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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'apparat:us;

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

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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the accompanying drawings.
[First Embodiment]

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
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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contact on 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 1line A - A"'.
Figs. 5 to 9 show the operation of bringing two wafers into
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 SOI structure.
The wafer processing apparatus 100 has a wafer support
table 3 for supporting a first wafer 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.

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
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 into

contact with only the peripheral portion or part of the lower

surface of the first wafer 1, unevenness on the first wafer

- 19 -
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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. 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

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 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 opposiAng 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
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)

- 20 -
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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 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 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 and2 is expelled
outward. Consequéntly, 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
be started while maintaining the gap between the two wafers
1 and 2, which is adjusted to the set value. This uniforms
the quality of the wafer obtained by bringing the two wafers

into contact. Inaddition, gas entrapment between the wafers

- 21 -
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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
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
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
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 thewafers 1 and 2 on the wafer
support table 3 and the wafer chuck portion 4c, respectively,
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 yet, and a wafer
cassette 9 for storing processed wafers are set at

predetermined positions. In this embodiment, wafers 1 and

- 22 -
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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
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
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 aligriment section
11 preferably comes into 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 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,
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 transferred to the wafer support
table 3 while maintaining its positional relationship, the
central position and direction of the wafer 1 need not be
adjusted again on the wafer support table 3. However,

alignment of the wafer 1 may be performed on the wafer support

- 23 -
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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
11 adjusts the central position and direction of the wafer
2, and then, the wafer 2 is set at a predetermined position
on 1oad pins 14 which project from the wafer chuck portion
4c of the wafef 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. 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
positipnal 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 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 and 12 move sensors 1l5a
and 1l2a close to the upper portions of the wafers 1 and 2,

irradiate the wafers 1 and 2 with light, and measure the

- 24 -
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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
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.

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 transvfer 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 arrangement of the wafer support table 3 will be
described next. The wafer support table 3 has a circular
central portion 3c 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
hole 18a which is coupled to a pipe 18 having a valve 19 midway.

A vacuum pump 20 is connected to one end of the pipe 18. Wafer

- 25 -
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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 surface 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 sbeed.

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 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
the displacement detection sections 15 and 12 move onto the

wafers 1 and 2 to measure the thicknesses of the wafers 1

- 26 -
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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
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
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 preferably, 30 to 60 pm. The wafer processing
apparatus 100 opens the valve 19 so that the peripheral
poftion of the lower surface of the wafer 1 is chucked by
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
2 (e.g., aposition at which the press piné6a 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
wafers 1 and _2 gradually come into contact with each other

outward from the central portion, and finally, the entire
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surfaces are in contact 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).
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 mqved
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. 10 is a block diagram showing the arrangement of
the control system of the wafer processing apparatus 100.
A control section 17 controls the wafer transfer robot 1AO,
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 19a by a CPU 17a which operates
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.

When the start of contact processing is instructed by

operating the operation switch 16b, constituent elements

- 28 -
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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
panel 1l6a 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. In
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 cassette
8 is chucked by controlling the wafer transfer robot 10. 1In
step S106, the wafer 2 is transferred to the wafer alignment
section 11 and aligned (central position and direction). 1In
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 15a is moved to a predetermined
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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
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 is pivoted about
the shaft 4b through about 180° by controlling the pivoting
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
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
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.

In step S114, chucking of the wafer 2 by the wafer chuck

portion 4c is canceled. In step S115, the pivoting motor 64
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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
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 6d of the press mechanism 6
is controlled to return the press pin 6a to the initial
position in step S116. 1In 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
interior of the chuck grooves 3a and 3b to the atmospheric
pressure, thereby canceling chucking of thewafer 1. In step
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
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 thewafer
cassette 9 and store them in the wafer cassette 9.

In step S121, it is determined whether contact
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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procéssed yet 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 l1l6a 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
the wafers 1 and 2 can be properly reﬁoved,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 appropriate 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

prevented, 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
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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.
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
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
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
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 ip contact with the
first wafer 1 and that table portion where a peripheral
portion 3b comes in contact with the first wafer 1 are
preferably substantially positioned in the same plane. 1In

the example shown in Fig. 12, the portion where the
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deflection prevention portion 3f comes in contact with the

wafer has an annular shape.

or needlepoint array) may be employed.

table 3' can be manufactured by, e.g., lapping.

The deflection prevention portion 3f is preferably

located near the center of the wafer support table 3'.

Another shape (e.g., a matrix

The wafer support

However, even when the deflection prevention portion 3f is

located at an arbitrary position in a central portion 3c,

the same effect as described above can be obtained.

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)

An application example of the wafer processing

apparatus according to the first or second embodiment will

be described below. Figs. 13A to13F are views showing steps

in manufacturing a wafer having, e.g., an SOI structure.

A single-crystalline Si wafer 501 for forming the first

wafer 1 is prepared.

major surface of the single-crystalline Si wafer 501

A porous Si layer 502 is formed on a

(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

layer, an amorphous Si layer, a metal layer, a semiconductor

compound layer,

or a superconductor layer is suitable.

A
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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
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. 13C 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. 1In 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.

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 SiO, 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 Si1 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
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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 manufactured.

According to the present invention, substrat:és can be
brought into contact with each other at high quality without
leaving 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

e .

embodiment of the present invention.

cecees The wafer support table 31 can be manufactured by

e fabricating a general_ly commercially available silicon wafer,
20 e.g., a silicon wafer for manufacturing a semiconductor
device éomplying with the SEMI standard or JAIDA standard.
fotee” 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 table can be easily

e manufactured. Hence. awafer support table excellent in mass
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productivity and cost can be obtained.

For example, the general lithography technique can be
employed to fabricate the siliconwafer. Sincea pattern can
be formed at an accuracy of, e.g., submicron order,
lithography is applicable to manufacture the wafer support
table according to 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 portions 3lc 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 31lcmay be formed at the central portion.

As the surfaces of the sealing portions 3l1la 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 thematerial of the wafer support table 31 isdirectly
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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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
31c is preferably about 50 pm. Widths d4 and dl 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
same viewpoint, the diameter of the deflection prevention
portions 31lc 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
31 shown in Fig. 16. This wafer support apparatus 3 1is
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
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
the suction port 31d communicating with the lower sufface

of the wafer support table 31 to the vacuum pump 20 through
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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,
the valve 119b is opened.

The base 32 also has pin holes 32d 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
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.
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
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. 197, a film 202a for
forming a mask pattern which is to be used in etching the

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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202a, Si0, 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 3la and.31b and the deflection prevention portions
31c, thereby printing amask pattern. By developing the mask
pattern, a patterned photoresist £ilm 203b is formed, as
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 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, the wafer shown in Fig. 19E is
etched. As this etching, wet etching using an alkali
solution as an etchant is preferable. As thealkali solution,
a solution of ammonia, or an organic ammonia-based solution
can be used. For example, to form sealing portions 3la and
31b and a deflection prevention portions 31c having a height
h of 50 um, as shown in Fig. 18, the wafer 20la is etched

to a depth of 50 um.
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As shown in Fig. 19G, the patterned film202b is removed
using hydrofluoric acid. With this process, an Si wafer 201b
having sealing portions 3la and 31b and the deflection
prevention portions 31c is formed.

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
31la and 31b and the deflection prevention portions 31c. As
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
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 photoresist film 205b
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 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
film 204b is formed on the Si wafer 201b. Asshown inFig. 19L,

the patterned photoresist film 204b is removed.
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As shown in Fig. 19M, the wafer showﬁ in Fig. 19L is
etched until a sucﬁion port 31d and pin holes 31e are formed.
As this etching, wet etching using an alkali solution as an
etchant is prefe'rable. As the alkali solution, a solution
of ammonia, or an organic ammonia-based solution can be used.

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

In the resultant wafer support table 31, the surface
of the wafer 20la as the material directly serves as the
sealing portions 3la and 31b and the deflection prevention
portions 31c. Consequently, when the wafer support table 31
is manufactured using the wafer 20la having sufficient
surface planarity, the surface need not be processed after
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
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. An apparatus andmethod of bringing
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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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 topractice the method of bonding
two wafers to manufacture a wafer having, e.g., an SOI
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
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
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.

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 31la and 31b, is preferablybrought into contact only
with the peripheral portion (and more preferably, the
outermost portion) of the first wafer 1. The chuck portion

is preferably annular. As described above, the wafer support
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table 3 preferably has the defleétion prevention portions
3lc. The deflection 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
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
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 apparatus incorporating the wafer
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
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
to practice the method of bonding two wafers to manufacture

a wafer having, e.g., and SOI structure.
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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
its lower 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
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
2, the pressure in the groove 4a is reduced. With the lower
surface of the second wafer 2 chucked by awafer 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 apparatus 3
and the wafer chuck portion 4c.

~The wafer 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
measuring the thickness of the first wafer 1 mounted on the

wafer support apparatus 3, a displacement detection section
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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 apparaf.us 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 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 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 présses 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 portion 4c. 1In 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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the quality of the wafer obtained by bringing the 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.

The press mechanism 6 incorporates a vibrator (e.g.,
a piezoelectric element) for vibrating the press pin 6ap 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
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 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
2 becomes a predetermined distance or less due to the weight
of the wafer 2.

The wafer processing apparatus 1000 also has a wafer
transfer robot 10 for setting thewafers 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.

In this wafer processing apparatus 1000, before the

start of wafer contact processing, wafer cassettes 7 and 8
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storing unprocessed wafers 1 and 2, and a wafer cassette 9
for storing 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
facing the lower surfaces down.

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

After t:his, 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
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
support apparatus 3 while maintaining its positional

relationship, the central position and direction of the wafer
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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 describedabove, 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. 1In
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
measure the thicknesses of the wafers 1 and 2. More

specifically, the displacement detection sections 15 and 12
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move sensors 1l5a and 1l2a 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.

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-axis stage 5 moves the wafer support apparatus 3 upward

to apredetermined position at which the wafer 1 is supported,
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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
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 l2a return to the
initial positions shown in Fig. 23.

As shown in Fig. 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
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 preferably, 30 to 60 pm. The wafer
processing apparatus 1000 opens the valve 119b so that the
peripheral portion of the lower surface of the wafer 1 is
chucked by the chuck surface of the peripheral portion 34
of the_ wafe'r“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
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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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 wafAers 1 and 2 gradually come into contact Qith 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 tﬁe 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. 1In 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 displécement 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.
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The valve 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 switching
of the valve 119b. The first and second valve driving
sections 119c and 119d are controlled by the control 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.

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 procéssing is instructed by
operating the operation switch 16b, constituent elements
connected to the control section 17 are initialized in step
S1101. 1In 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
panel l1l6a 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 chuck_ed wafer 1 is transferred to the wafer
alignment section 11 and positioned (central position and
direction). In step S1104, the wafer 1 is set at a

predetermined position on the load pins 13 projecting from
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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.

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). 1In
step S1107, 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 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 15a.

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
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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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
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 S1112, the second valve driving section 119d
opens the valve 119b, so the first wafer 1 is chucked by the
wafer support table 31.

In step S1113, 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.

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
step S1115 is executed immediately after step S1114, cancel
of chucking of the wafer 2 and pressing can be pérformed 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
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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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 119b is closed to return the
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
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
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
operations are ended. At this time, the operator is
preferably notified of the end of processing by an indication
on the display panel 1l6a or a buzzer sound.

As described above, according to the wafer processing
apparatus 1000, 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
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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 betwéen the wafers 1 énd 2 can be adjusted
to an appropriate 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

" prevented, and 6) gas entrapment between the wafers can be

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
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
particles which may 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.

Furthermore, since the wafer processing apparatus 1000

employs the wafer support table 31 manufactured by
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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]

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
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
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 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 the wafer cassette
7.

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

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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stored in the wafer cassette 7 as the first wafer. 1In 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.

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.

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

According to this manufacturing method, the two wafers
are brought into contact with each other while appropriately

removing any gas between the wafers, so a high-quality wafer




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
embodiments and various changes and modifications can be made
within the spirit and scope of the present invention.
Therefore, to apprise the public of the scope of the present

invention, the following claims are made.
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The claims defining the invention are as follows:

1. A substrate processing apparatus for overlaying two substrates and bringing the

substrates into contact with each other comprising:

uh

5 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:

10 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 annujs 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

15 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.

¢te e 2. The apparatus according to claim 1, wherein said chuck means includes an
s ¢+ 20 annular groove on said support member, and the first substrate is chucked by said support

member by reducing a pressure in said groove.

T 3. The apparatus according to claim 1, wherein said support means further includes
a deflection prevention member for preventing deflection of the first substrate, said
¢7"": 25 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

30 ofthe 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.

[R:\LIBOO]4969.doc:gmm




-62-

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,

5 wherein said pressing means presses the back surface of the secondsSubstrate 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.

10 7. The apparatus according to claim 6, wherein said support means substantially
horizontally supports the first substrate, and said substrate manipulition means
substantially horizontally supports the second substrate above the first substrate and then

cancels chucking of the second substrate.

15 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 1;
supporting a first substrate by the support means;
HHIR opposing a second substrate to the first substrate supported by the support means
:..o¢ 20 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

ceat portion of the support member by the pressing means to bring the front sugfaces of the
first and second substrates into contact with each other.
bt 25
§.'..- 9, A method of manufacturing a bonded substrate comprising the steps of:
.. preparing the substrate processing apparatus of claim 1;

supporting a first substrate by the support means;
opposing a second substrate to the first substrate supported by the support means
30 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.

[R:\LIBOO]4969.doc:gmm
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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.

11. A substrate processing apparatus substantially as described herein with reference
to the embodiments as illustrated in the accompanying drawings. =
12. A substrate processing method substantially as described herein with reference to

the embodiments as illustrated in the accompanying drawings.

13. A method of manufacturing a bonded substrate substantially as described herein

with reference to the embodiments as illustrated in the accompanying drawings.

DATED this Twenty-ninth Day of January, 2001
Canon Kabushiki Kaisha
Patent Attorneys for the Applicant
SPRUSON & FERGUSON

fi
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o FIG. 10
WAFER TRANSFER ROBOT 17,
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WAFER MOVING
MECHANISM
4c~ [ WAFER CHUCK
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4d~] PIVOTING MOTOR
6.
PRESS MECHANISM 16\
6c- VIBRATOR CONTROL PANEL
64| PIVOTING MOTOR 16ay
DISPLAY PANEL
19a~| VALVE CONTROL SECTION OPERATION SWITCH
16b”
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