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TITLE OF THE INVENTION

SUBSTRATE PROCESSING APPARATUS, SUBSTRATE
SUPPORT APPARATUS, SUBSTRATE PROCESSING METHOD,

5 AND SUBSTRATE FABRICATION METHOD

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

10 The present invention relates to a substrate processing
apparatus, a substrate support apparatus, a substrate
processing method, and a substrate fabrication method and,
more particularly, to a substrate processing appa:l:atus, a
subst;rate support apparatus, and a substrate processing

15 method by which two substrates are overlapped and contacted,
and a substrate fabrication method using any of theée

apparatuses and method.

DESCRIPTION OF THE RELATED ART
20 A method of contacting two wafers (substrates) and
bonding the contécted wafers by, e.g., anodization, pressing,
or heat treatment is suited to the fabrication of a wafer
having a_.ri SOI structure or the like.
Figs. 25A and 25B are schematic views showing a part
25 of a process of bonding wafers. In this bonding process, as
shown in Fig. 25A, a first wafer 1 is set on a wafer support

jig 201 with the bonding surface of the first wafer 1 turned
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FI ELD OF THE | NVENTI ON 10 Ther present invention relates to a
substrate processing apparatus, a substrate support apparatus, a
sUbstrate processi ng nethod, and a substrate fabrication nethod and,
nore particularly, to a substrate processing apparatus, a substrate
support apparatus, and a substrate processing 15 nethod by which two
substrates are overl apped and cont act ed, and a substrate fabrication
met hod using any of these appar at uses and net hod. DESCRI PTI ON
OF THE RELATED ART

up, and a second wafer 2 is gently overlapped on the first

wafer 1 with the bonding surface of the second wafer 2 turned

down. In this state, as shown in Fig. 25A, the upper wafer

2 floats by the gas (e.g., air or inert gas) between the
5 wafers.

Next, as shown in Fig. 25B, a press pin 202 presses the
center and its vicinity of the upper'wafer'z'before the gas
between thé wafers 1 and 2 is completely discharged.
Consequently, air between the central portions of the wafers

10 is pushed toward the periphery to first contact the central
portions of the wafers 1 and 2. Thereafter, air between the
wafers is gradually pushed toward the periphery to increase
the area of the contact portion. Finally, the two wafers are
entiéely cbntacted.

15 This method is useful as a method of contacting two
wafers by a simple jig and is also considered as a fundamental
technique readily applicable to large—diaﬁeter wafers.

Generally, the in-plane upiformity of.a wafer becomes
difficult to ensure as the diameter of the wafer increases.

20 The above method is expected to be able to solve the problem
of this in-plane uniformity even when the method is applied
to the fabrication of large-diameter wafers. However, a

technique suited to larger diameters is being desired.

25 SUMMARY OF THE INVENTION
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20 . A method of contacting two-wafers (substrates) and bondi ng
the contacted wafers by, e.g., anodi zati on, pressing, or heat
treatnment is suited to the fabrication of a wafer havi ng an SO
structure or the like. Figs. 25A and 25B are schematic views
showing a part 25 of a process of bonding wafers. In this bonding
process, as shown in Fig. 25A, a first wafer 1 is set on a wafer
support jig 201 with the bonding surface of the first wafer 1 turned

It is an object of the presenﬁ inventioﬁ to providé an
apparatus and a method of easily contacting large-diameter
substrates.

A substrate processing apparatus 'a.ccdrding to the

5 present invention is a substrate processing apparatus for
overlapping and cohtacting two substrates comp;ising a
support unit for supporting a first substrate, and a press
unit for pressing a second substrate opposed to the first
substrate supported by the support unit, wherein the support

10 unit can support the first substrate while a predetermined
portion of the first substrate is so curved as to separate
from the second substrate.and is not curved.

In the above substrate processing apparatus, the press
unit.preferably presses a back surface of the second

15 substrate opposed tq the first substrate subported by the
support unit.

In the above substrate processing apparatus, it is
preferable that the support unit can support the first
substrate while a peripheral portion of the first substrate

20 1is so 'curved as to separaﬁe from the second substrate and
is not curved, and the press unit press a substantially
central portion of the second substrate opposed to the first
substrate supported by the support unit.

In the above substrate p_rocessing apparatus, it is

25 preferable that the support unit support the first substrate

in a curved state until a predetermined time elapses after

-
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-2- - up, .and a second wafer 2 is gently overl apped on the first

wafer 1 with the bonding surface of the second wafer 2 turned down. In
this state, as shown in Fig. 25A the upper wafer 2 floats by the gas
(e.g., air or inert gas) between the 5 wafers. Next, as shown in
Fig. 25B, a press pin 202 presses the center and its vicinity of the
upper wafer 2 before the gas between the wafers 1 and 2 is conpletely
di schar ged. Consequently, air between the central portions of the

waf ers

the press unit starts pressing a back surface of the second
"substrate, and support the first substrate in an uncurwved
state thereafter.

In the above substrate prpcessing apparatﬁs, it is

5 preferable that the support unit support the first substrate
in a curved state until a contact portion of thg first and
second substrates spreads to a predetermined region after
the press unit starts pressing a back surface of the second
substrate, and support the first substrate in an uncurved

10 state thereafter.

In the above substrate processing apparatus, the
support unit preferably comprises an adjusting unit for
adj ust:.ng the curve of the first substrate to spread a contact
port:Lon of the first and second substrates step by step from -

15 a center to a periphery thereof.

In the above substrate processing apparatus, the
adjusting unit preferably adjusts the curve of the first
substrate to spread the contact portion of the first and
second substrates concentrically step by step.

20 In the above substrate processing apparatus, the
support unit preferably comprises a chuck unit for curving
the first substrate by chucking a back surface of the first
substrate.

In the above substrate processing apparatus, it is

25 preferable that the support unit comprises a support table

having a peripheral portion lower than a central portion,
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10 is pushed toward the periphery to first contact the central

portions of the wafers 1 and 2. Thereafter, air between the wafers is
gfadual |y pushed toward the periphery to increase ~ the area of the
contact portion. Finally, the two wafers are entirely contacted. 15
This method is useful as a nmethod of contacting two wafers by a sinple
J] 1ig and is also considered as a fundanent al techni que readily
applicable to | arge-di aneter wafers. General ly, the in-plane
uniformty of a wafer becones difficult to ensure as the dianeter of

the waf er incr easRe the’duper8beuB1IELRAt | the WIS Lubacha gl e to sol ve

the problem of this in-plane unitformty even en the method is
appl i ed In the above substrate processing apparatus, the

support table preferably comprises a disk-like central
portion and one or a plurality of annular peripheral
5 portions.

In the above substrate processing apparatps,'it is
preferable that the support table comprises a disk-like
central portion and an annula: peripheral portion, and a
chuck surface of the peripheral portion be inclined to a chuck

10 surface of the central portion.

In the above.substrate précessing apparatus, a chuck
surface of the central portion and a chuck surface of the
peripheral portion preferably have chuck mechanisms for
chucking the first substrate.

15 In the above substrate processing apparatus, it is
preferable that frog-like pins for supporting the first
substrate be formed on the chuck surfaces of the central
portion and/or the periﬁheral portion, and the first
substrate be chucked by evacuating a space between the pins.

20 In the above substrate processing apparatus, only a
chuck surface of the peripheral portion of the support tablé
preferably has a chuck mechanism for chucking the first
substrate.

In the above substrate processing apparatus, the

25 support table of the support unit preferably chucks only a

periphery of the first substrate to separate a central

_—
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to the fabrication of |arge-dianeter wafers. However, a t echni que
suited to larger dianeters is being desired. 25

SUMVARY OF THE | NVENTI ON - - 3-

Is an object of the present invention to provide an

It
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15

20

25

portion of the first substrate from a central portion of the
support table.

In the above substrate processing apparatus, it is
preferable that the apparatus further comprises a substrate
manipulation unit for supporting the second substrate with
the éecond substrate opposing the first substratg supported
by the support unit, and releasing the second subs_trate, and
the press un:Lt press the second substrate when the substrate
manipulation unit releases the second substrate.

In the above substrate processing apparatus, it is
preferable that the support unit substantially horizontally
support the first substrate, and the substrate manipulation
unit substantially horizontally support the second substrate
abové the first substrate and:releaée the second substrate.

A substrate support apparatus according to the present
invention is a substrate support apparatus for supporting
one of two substrates when the two substrates are overlapped
and contacted comprising a support unit capable of supporting
the substrate in a curved state and an uncurved state.

In the above substrate support apparatus, the support
unit preferably can support the substrate while a periphery
of the substrate is curved and is not curved with respect
to a central portion of the substrate.

In the above substrate support apparatus, the support

unit preferably supports the substrate first in a curved

'state and then in an uncurved state.

[
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apparatus and a nethod of easily contacting |arge-di aneter ~substrates.
A substrate processing apparatus according to the 5 present invention is

a substrate processing apparatus for overl appi ng and contacting

t wo- substrates conprising a support unit for supporting a first
substrate, and a press unit for pressing a second substrate opposed to
the first substrate supported by the support unit, wherein the support
10 unit can support the first substrate while a predeterm ned portion
of the first substrate is so curved as to separate fromthe second

substrate and is not margtRd above substratd supPoRRONSoSald At EAppssENT
apparatus, the press
unit preferably comprises an adjusting unit for adjusting
the curve of the substrate to spread a contact portioﬁ of
the supported substrate and the qther substrate to be
5 contacted to the substrate step by step from a center to a
periphery thereof. | _

In the above substrate support apparatus, the adjusting
unit preférably adjusts the curve of the supported substrate
to spread the contact portion concentrically step by step.

10 In the above substrate support apparatus, the support
unit preferably curves the substrate by chucking a back
surface of the substrate.

In the above substrate support apparatus, it is
preférable that the support unit comprises a support table

15 having a peripheral portion lower than a central poftion,
apd the support table chuck the first substrate.

In the above substrate support apparatus, the support
table preferably compriseé a disk-like central portion and
one or a plurality of annular peripheral portions.

20 In the above substrate support apparatus, it is
preferable that the support table comprises a disk—like
central portion-and an annular peripheral portion, and a
chuck surface of the peripheral portion be inclined to a chuck
surface of the central portion.

25 - In the above substrate support apparatus, a chuck

surface of the central portion and a chuck surface of the
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unit preferably presses a back surface of the second 15 substrate opposed

to the first substrate supported by the support unit. In the
above substrate processing apparatus, it is preferable that the
support unit can support the first substrate while a peripheral
portion of the first substrate 20 is so curved as to separate fromthe
second substrate and I's not curved, and the press unit press a
substantial ly central portion of the second substrate opposed to the
first substrate supported by the support unit. In the above

substrate procegdriphrRRar pb¥tioh! pkéferably have chuck mechanisms for
chucking the substrate.
In the above substrate support apparatus, only a chuck
surface of the peripheral surface of the support table
5 preferably has a chuck mechanism for chucking the substrate.
In the above substrate support apparatus, the support
table of the support unit preferably chucks only a periphery
of the substrate to separate a central porﬁion of the
substrate from a central portion of the support table.

10 A substrate processing method according to the present
invention is a substrate processing method of overlapping
and contacting two substrates comprising the steps of
opposing first and second substrates to each other, pressing
the éecond substrate while a periphery of the first substrate

15 is so curved as to separate from a periphery of the second

.substrate, and seﬁting the first substrate in an uncurved
state after a predetermined time elapses.

A substrate processing method according to the present
invention is a substrate processing method of overlapping

20 and contacting two substrates comprising the steps of
opposing first and second substrates to each other, preésing
the second substrate while a periphery of the first substrate
is so curved as to separate from a periphery of the_second
substrate, and setting the first substrate in an uncurved

25 state after a contact portion of the first and second

substrates spreads to a predetermined region.
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25 preferable that the support unit support the first substrate in a
curved state until a predetermined tinme el apses after

-4- the press unit starts pressing a back surface of the second
substrate, and support the first substrate in an uncurved state
thereafter. In the above substrate processing apparatus, it is

A substrate processing method according to the present
invention is a substrate processing method of overlapping
and contacting two substrates com;:;rising the steps of
opposing first and second substrates to-each other, pressing

5 the second substrate while a periphery of the first substrate
is so curved as to separate from a periphery of the second
substrate, and adjusting the curve of the first- substrate
to spread a contact portion'of the first and second substrates
step by step from a center to a periphery thereof.

10 A substrate processing method according to the present
invention is a substrate processing method ‘of overlapping
and contacting two substrates comprising the steps of
opposing first and second substrates to each other, pressing
the s;acond substratewhile a periphery of the first substrate

15 is so curved as to separate from a periphery of the second
substrate, and adjusting the curve of the first substrate
to spread a contact portion of the first and second substrates

concentrically step by step from a center to a periphery

thereof.

20 A substrate processing method according to the present
invention is a substrate processing method of overlapping
and contacting two substrates comprising the steps of
lopposing first and second substrates to each other, pressing
the second substrate while a predetermined portion of the

25 first substrate is so curved as to separate from the second

substrate, and setting the first substrate in an uncurved

I
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5 preferable that the suhport unit support the first substrate in a

curved state until a contact portion of the first and second .
substrates spreads to a predeterm ned region after the press unit
starts pressing a back surface of the second. substrate, and support
the first substrate in an uncurved 10 state thereafter. In the
above substrate processing apparatus, the support unit preferably
conprises an adjusting unit for adjusting the curve of the first
substrate to spread acontact portion of the first and second

substrates stepsBytét &Pté# AN prliieters@MY thifledelgpobery thereof.
| A substrate processing method according to the present
inventioﬁ.is a substrate processing method of overlapping
and contacting two substrates comprising the steps of
5 opposing first and second substfates to each other, pressing
the second substrate while a predetermined portion of the
first substrate is so curved as to separate from the second
substrate, and setting the first substrate in an uncurved
state after a contact pbrtion of the first and second
10 substrates spreads to a predetermined region.

A substrate processing method according to the present
invention is a substrate processing method of overlapping
and contacting two substrates comprising the steps of
oppos-ing first and second substrates to each other, pressing

15 the second substrate while a predetermined portion of the
first substrate is so curved as to separate from the second
substrate, and adjusting the curve of the first substrate
to spread a contact portion of the first and second substrates
step by step from a center to a periphery thereof.

20 In each of the above substrate processing methods, a
back surface of the second substrate is preferably pressed.

Further objects, features, and advantages of the
present invention will become appafent from the following -

- detailed description of embodiments of the present invention

25 with reference to the accompanying chucks.
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In the above substrate processing apparatus, the adjusting unit

preferably adjusts the curve of the first substrate to spread the
cbntact portion of the first and second substrates concentrically step
by step. 20 In the above substrate processing apparatus, the
support unit preferably conprises a chuck unit for curving the first
substrate by chucking a back surface of the first substrate.

In the above substrate processing apparatus, it is 25 preferable that the
support unit conprises a support table havi ng a peripheral portion

| ower than a central porti GBRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view schematically showing the
overall arrangement of a wafer processing apparatus
5 according to one preferred embodiment of the present
invention; |
Fig. 2 is an enlarged view of a part of Fig. 1;
Fig. 3 is a view showing an example of a vacuum chuck
mechanism formed in a wafer suppoft table;
10 Fig. 4 is a view showing the example of the vacuum chuck
mechanism formed in the wafer support table;
Figs. 5A to S5F are views conceptually showing the way
a contact portion spreads when two wafers are contacted by
the Qafer processing apparatus;
15 Figs. 6A to 6F are views conceptually showing the way
a contact portion spreads when two wafers are contacted by
a conventional wafer processing apparatus;
Figs. 7 to 12 are sectional views taken along a line
A - A' of the wafer processing apparatus shown in Figs. 1
20 and 2;
Fig. 13 is a block diagram showing the configuration
of a control system of the wéfer processing apparatus;
Fig. 14 is a flow chart showing a control procedure of
the wafer processing apparatus;
25 Fig. 15 is a sectional view showing the arrangement of

a wafer support table according to the second embodiment;
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and the support table chuck the first substrate. In the above

substrate processing apparatus, the support table preferably conprises
a“disk-1ike central portion and one or a plurality of annular
peri pheral 5 portions. In the above substrate processing

apparatus, it is

Fig. 16 is a sectional view showing the arrangement of
a wafer support table according to the third embodiment;

Fig. 17 is a sectional view showing the arrangement of
a wafer support table according to the fourth embodiment;

5 Fig. 18 is a sectiénal view showing the arrangement of
the wafer support table according to the fourth embodiment;

Fig. 19 is a view showing the state wherein preparations
for a process of contacting two wafers are complete;

Fig. 20 is a schematic view showing the state wherein

10 the contact portion hé.s reached a contact boundary bil;

Fig. 21 is a schematic view showing the state wherein
the contact portion has reached a contact boundary b2;

Fig. 22 is a schematic view showing the state wherein
the c.:ontact portion has reached a contact boundary b3;

15 - Fig. 23 is a schematic view showing the state wherein
the entire surfaces of two wafers are contacted;

Figs. 24A to 24F are sectional views showing an example
of a process of fabricating a wafer having an SOI structure
or the like; and

20 Figs. 25a énd 25B are schematic views showing a part

of a process of bonding wafers.
DETATLED DESCRIPTION OF THE .PREFERRED EMBODIMENTS

25 Preferred embodiments of the present invention will be

described in detail below with reference to the accompanying

-
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preferable that the support table conprises a disk-Iike central
portion and an annul ar peripheral portion, and a chuck surface of the
peri pheral portion be inclined to a chuck 10 surface of the central
portion. In the above substrate processing apparatus, a chuck
surface of the central portion and a chuck surface of the peri pher al
portion preferably have chuck mechani sns for chucking the first
substrate. 15 In the above substrate processing apparatus, it is
preferable that frog-like pins for supporting the first substrate be
formed on the chygkysurfaces of the central portion and/or the

peri pheral portion, and the first

[First Embodiment]

Fig. 1 is a perspective view schematically showing the

overall arrangement of a wafer processing apparatus 100
5 according to this emquiment. Fig. 2 is an enlarged view of

a part of Fig. 1. Figs. 3 and 4 are sectional vio:.aws showing
the arrangement of a wafer support unit of. the wafer
processing apparatus 100 shown in Figs. 1 and 2. Figs. 7 to
12 are sectional views taken along a line A - A' of the wafer

10 processing apparatus shown in Figs. 1 and 2; Figs. 7 to 12
show operation of contacting two wafers.

This wafer processing apparatus 100 is an apparatus for
overlapping and contacting two wafers and suited to carry
out z;. method of fabricating a wafer having an SOI structure

15 or the 1ike_ by bonding two wafers.

- The wafer processing apparatus 100 comprises a wafer
support table 3 and a wafer moving mechanism 4. The wafer
support table 3 supports the.back surface of a first wafer
1 (Fig. 3). The wafer moving mechanism 4. chucks the back

20 surface of a second wafer 2 (Fig. 3) and opposes the second
wafer 2 substantially parallel to the first wafer 1.

The wafer support table 3 is preferably so constructed
as to come in contact only with the back surface of the first
wafer 1. This prevents contamination of the first wafer 1

25 Dby particles and break of the periphery of the first wafer

1. This wafer support table.3 has a vacuum chuck mechanism
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substrate be chucked by evacuating a spacé between the pins. 20 In

t he above substrate processing apparatus, only a chuck surface of the
peri pheral portion of the support table preferably has a chuck
mechani sm for chucking the first substrate. In the above
substrate processing apparatus, the 25 support table of the support unit
preferably chucks only a peri phery of the first substrate to separate
a central

for chucking the first wafer 1. Figs. 3 and 4 show a wafer

support mechanism which is preSsing the central portion of
the wafer 2 with alpress pin 6a (Figs. 11 and 12).
The wafer moving mechanism 4 is preferai:ly so

5 constructed as to come in contact only with the back surface

of the second wafer 2. 1In this embodiment, the wafer moving

mechanism 4 has a groove 4a for vacuum-chucking a wafer. To

chuck the secénd wafer 2, it is only necessary to evacuate

the space in the groove 4a. While a wafer chuck unit 4c is

10 chucking the back surface of the second wafer 2, the wafer

moving mechanism 4 rotates the second wafer 2 through about

180° around a shaft 4b and opposes the second wafer 2

substantially parallel to the first wafer 1. The shaft 4b
is po.sitioned substantially halfway between the wafer
15 support tabl_é 3 and the wafer chuck unit 4c.

This wafer processing apparatus 100 also comprises
displacement detectors 12 and 15 and a Z-axis stage 5 (Fig. 7)
as a mechanism for adjusting the gap between the two opposing
wafers 1 and 2. The displacement detector 15 measures the

20 thickness of the first wafer 1 after the first wafer 1 is
placed on the wafer support table 3. The displacement
detector 12 measures the thickness of the second wafer 2 after
the second wafer 2 is chucked by the wafer chuck unit 4c.
On the basis of the measurement results from the two

25 displacement detectors 12 and 15, the Z-axis stage 5 (Fig. 7)

vertically moves the wafer support table 3 to adjust the gap

/
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- 6- portion of the first substrate froma central portion of the
support table. In the above substrate processing apparatus, it
S preferable that the apparatus further conprises a substrate 5
mani pul ation unit for supporting the second substrate with the second
substrate opposing the first substrate supported by the support unit,
and rel easing the second substrate, and the press unit press the
second substrate when the substrate mani pul ation unit rel eases the
second substrate.

between the wafers 1 and 2 to a set value.

The wafer processiﬁg apparatus 100 further comprises
a press mechanism 6 for pressing substantially the center
of the upper wafer 2 while the two wafers 1 and 2 are so

5 supported as to face each other. After the two wafers 1 and
.2 are so supported as to face each other, the press pin 6a
of the press mechanism 6 pivots on a shaft 6b to the vicinity
of the back sui:face of the upper wafer 2. When the wafer chuck
unit 4c of the wafer moving mechanism 4 releases .the' uppef

10 wafer 2, the press mechanism 6 pushes the press pin 6a against
the back surface of the upper wafer 2 to press the back surface.
The two wafers 1 and 2 are gradually contacted from the pressed
portion toward the periphery. Accordingly, the gas between
the v;afers 1 and 2 is discharged toward the periphery and
15 prevented from remaining between the wafers 1 and 2.

The wafer 2 is preferably pressed by the presé pin 6a
at substantially the same time the wafer chuck unit 4c
releases the wafer 2. If this is th_e c_aée,. the press
operation can be started while the gap between the two wafers

20 1 and 2 is kept adjusted to a set value. Consequently, the
contacted wafers Ican be given uniform quality. It is also
possible to effectively prevent any gas from remaining
between the wafers 1 and 2 and prevent misalignmént between
the wafers 1 and 2.

25 The press mechanism 6 incorporates a vibrator (e.g.,
a piezoelectric element) for vibrating the press pin 6a. The

./.
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10 In the above substrate processing apparatus, it is

preferable that the support unit substantially horizontally support
the first substrate, and the substrate nmanipul ation unit substantially
hori zontal ly support the second substrate . above the first substrate
and rel ease the second substrate. 15 A substrate support apparatus
according to the present I nvention is a substrate support apparatus
for supporting one of two substrates when the two substrates are

over | apped and contacted conprising a support unit capable of

supporting picBgsshhsHamish i6lcdn @R ehtlCa Alkhate R §£6 KRl 20
In the above substrate support apparatus, the support
the wafers 1 and 2 by vibrating the press pin 6a when pressing
the wafer 2.
Pressing of the wafer 2 by the press pin 6a can also
5 Dbe controlled at another timing. For example, after the
wafer 2 is released, it can be pressed at a predetérmined
timing before a predetermined amount or more of gas between
the wafers 1 and 2 is discharged, when a predetermined time
is counted, or at a predetermined timing before the distance
10 Dbetween the wafers 1 and 2 is decreased to a predetermined
distance or less by the weight of the wafer 2 and the like.
The wafer processing apparatus 100 also comprises a
wafer transfer robot 10 and a wafer alignment unit 11. The
wafeJ.; transfer robot 10 sets the wafers 1 and 2 on the wafer
15 support table 3 and the wafer chuck unit 4c, respectively,
and receives the contacted wafers from the wafer support
table 3.
In this wafer processing apparatus 100, wafer cassettes
7 and 8 containing unprocessed wafers 1 and 2, respectively,
20 and a wafer cassette 9 for accommodating processed wafers
are arranged in each individual predetermined positions. In
this embodiment, the unprocessed wafers 1 and 2 are
accommodated in the wafer cassettes 7 and 8 with the back
surfaces of these wafers turned down.
25 When the start of a process of contacting wafers is

designated by an operation switch 16b of an operation panel

I —
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unit preferably can support the substrate while a periphery of the

substrate is curved and is not curved with respect to a central
portion of the substrate. In the above substrate support _
apparatus, the support 25 wunit preferably supports the substrate first in
a curved state and then in an uncurved state.

-7-

16, the wafer transfer robot 10 chucks the back surface of
an unprocessed wafer 1 contained in the wafer cassette 7 and
transfers the wafer 1 to the wafer alignment unit 11. The
wafer alignment unit 11 detects the central position and the

5 - direction (e.g., the pdsition of the orientation flat or
notch) of the transferred wafer 1 by using a sensor f'md adjusts
the detected central position and direction. The wafer
alignment unit 11 is preferably so constructed as to comé
in contact ohly with the back surface of the wafer 1.

10 After that, the wafer transfer robot 10 receives the
wafer 1 thus completely aligned and loads the wafer 1 in a
predetermined position on load pins 13 projecting upward from
the wafer support table 3. After the wafer 1 is loaded on
the ioad pins 13 in this manner, the wafer support table 3

15 moves up and supports the wafer 1. The wafer 1 is already
aligned by the wafer alignment unit 11 and transferred onto
the wafer support ta.‘ble 3 while being kept aligned.
Therefore, it is unnecessary to again adjust the central
position and direction of the wafer 1 on the wafér support

20 table 3. However, an arrangement by which the wafer 1 is
aligned on the wafer support table 3 can also be used.

Next, the wafer transfer robot 10 picks up an
unprocessed wafer 2 from the wafer cassette 8. Following the
same procedure as above, the wafer alignment unit 11 adjusts

25 the central position and direction of the wafer 2 and loads

the wafer 2 in a predetermined position on load pins 14

\.

This Sheet

= il



In the above substrate support apparatus, the support unit preferably

conprises an adjusting unit for adjusting the curve of the substrate
td spread a contact portion of t he supported substrate and the other
substrate to be 5 contacted to the substrate step by step froma center to
a peri phery thereof. In the above substrate support
apparatus, the adjusting unit preferably adjusts the curve of the
supported substrate- to spread the contact portion concentrically step
by step. 10 In the above substrate support apparatus, the support

uni t preferably cUEUes; hGCuskRed 'aldh PheCREES: WPt 4c. After the

wafer 2 is thus loaded on the load pins 14, the wafer chuck
unit 4c pivots on the shaft 4c¢ and comes in contact with the
back surface of the wafer 2. The wafer chuck unit 4c¢ chucks
5 the wafer 2 by evacuating the space in the groove 4a. As in
the above procedure, the wafer 2 is already aligned.by the
wafer alignment unit 11 and chucked by the wafer chuck unit
4c while being kept aligned. This obviates the need for
readjusting the central position and direction of the'wafer.
10 2 when the wafer 2 is chucked. When the wafer 2 is chucked,
it is also effective to retract the load pins 14 downward,
instead of pivoting the wafer chuck unit 4c.
While the wafers 1 and 2 are supported by the wafer
suppert table 3 and the wafer chuck unit 4c as described above,
15 the displacement detectors 15 and 12 measure the thicknesses
of the wafers 1 and 2. More specifically, the displacement
detectors 15 and 12 move sensors 15a and 1l2a to positions
above the wafers 1 and 2, irradiate light onto the wafers
1 and 2, and measure the thicknesses of the wafers 1 and 2
20 on the basis of the reflected light.
When the measurements of the thicknesses of the wafers
1 and 2 are complete, the wafer chuck unit 4c pivots through
around 180° on the shaft 4b as described above and opposes
the wafer 2 substantially parallel to the wafer 1. Then, the
25 Z-axis stage 5 adjusts the gap between the wafers 1 and 2,

and the press pin 6a presses the wafer 2 to complete the

—_—

—_—
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surface of the substrate.

In the above substrate support

apparatus, it is preferable that the support unit conprises a support
table 15 having a peripheral portion |ower than a central portion,

and the support table chuck the first substrate.

In the above

substrate support apparatus, the support table preferably conprises a
di sk-1i ke central portion and one or a plurality of annul ar peri pheral
portions. 20 In the above substrate support apparatus, it is
preferable that the support table conprises a disk-Iike central
portion and an %ggggggigsr#pggégé_portion, and a chuck surface of the
peri pheral portion be 1nClTned to a chuck

10

15

20

25

When the contacting process is finished, the wafer
support table 3 is moved down by the Z-axis stage 5 to allow
the load pints 13 to support the processed wafer.. The wafer
transfer robot 10 receives the processed wafers and places
the wafers into the wafer cassette 9. .

By repeatedly executing the above procedures, a
plurality of wafers contained in the wafer cassettes 7 and
8 can be successively processed.

The arrangement of the wafer support table 3 will be
described below. The wafer support table 3 has a disk-like
central portion 3c and an annular peripheral portion 34.
Chuck grooves 3a and 3b for vacuum-chucking the wafer 1 are
forme;d in the chuck surfaces (the surfaces for chucking the
wafer 1) of the central portion 3¢ and the peripheral poftion
3@, respectively. 1In the embodiment shown in Figs. 3 and 4,
the chuck grooves 3a are nine concentric annular grooves,
and the chuck grooves 3b are four concentric annular grooves.

The chuck grboves 3a and 3b are connected to chuck holes
18a and 18b, respectively, and further connected to valves
19a and 19b, respectively. These valves 19a and 19b are
connected to a vacuum pump 20 through a pipe 18. Wafer chuck
operations by the chuck grooves 3a and 3b can be independently
controlled by thé valves 19a and 19b which can be separately
opened and closed. |

The chuck mechanism for the wafer 1 can take various

—_ " T
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surface of the central portion. 25 In the above substrate support

appar atus, a chuck surface of the central portion and a chuck surface
of the peri pheral. portion preferably have chuck nmechani sns
for chucki ng the substrate.

forms. One preferable example is a mechanism which supports
" the wafer 1 by pins arranged in the form of a frog and evacuates
the space between these pins to chuck the wafer 1 to the chuck
surface of the wafer support table .3'. This ¢huck mechanism
5 alleviates the influence (e.g., poor planarity of the wafer
1) of particles and the like between the wafer 1 and the wafer
support table 3. One example of this_ chuck mechanism when
the size of a wafer is 8 inches is a chuck mechanism in which
the diameter of each pin is about 0.2 mm and the distance
10 (pitch) between pins is about 2.2 mm. In this mechanism, the
contact ratio between the wafer and the wafer support table
is approximateiy 1.2%.
To press the wafer 2 by the press pin 6a, both of the
valve.s 19a and 19b are opened to chuck the wafer 1 by both
15 of the chuck grooves 3a and 3b. Consequently, as shown in
Fig. 3, the peripheral portioﬁ_3d of the wafer 1 curves as
to separate from the wafer 2, i.e., the wafer 1 warps into
the shape of an umbrella.
In this state, the central portion of the.u.rafer 2 is
20 pressed as shown in Fig. 3. Consequently, the central
portions of the wafers 1 and 2 contact, and the contact portion
gradually spreads toward the periphery. The spread of the
contact portion stops when it spreads .substantially
uniformly to the vicinity of the periphery of the central
25 portion 3c throughout the entire circumference. This is -so

because the wafer 1 is supported while being warped into the

- 20 - This Sheet Has Been RTlaced

 NUAHCTI




In the above substrate support apparatus, only a chuck surface of the
peri pheral surface of the support table 5 preferably has a chuck nmechani sm
for chucking the substrate. In the above substrate support
apparatus, the support tabl e of the support unit preferably chucks
only a periphery of the substrate to separate a central portion of the
substrate froma central portion of the support table. 10 A
substrate processing nethod according to the present invention is a
substrate processing nethod of overl appi ng and contacting two

substrates conpkhghBIokhgn Shiseria. opposing first and second
substrates to each ot her, pressing the second substrate while a
periphery of the firgheSyppéd@tSf the contact portion from the center to
the periphery of the wafer does not always proceed at the
same rate throughout the entire circumference. This is so
.5 because, e.g., the bonding surfaces of the wafers 1 and 2
are uneven, and the force acting in the direction in which
the wafers 1 and 2 are contacted decreases from the center
to the periphery, which increases the influence of the
nonuniformity of wafers in the direction from the center to
10 the periphery.

If the spread of the contact portion does not proceed
at the same rate, i.e., if the contact portibn does not
concgntrically spread, a gas (e.g., air) can remain between
the wafers. This phenomenon is considered to become more

15 pronounced as the diameter of wafers increases.

When, however, the wafer 1is pressed while it is warped
into the shape of an umbrella as shown in Fig. 3A, the spread
of the contact portion of the two wafers 1 and 2 once stops
near the periphery of the central portion 3c. Accordingly,

20 the nonuniformity of the spread rate of the contact portion
is absorbed near the periphery of the central portion 3c.
As a consequence, the contact portion is formed into a
substantially circular shape.

After the contact portion'takes a substantially

25 circular shape (e.g., when a predetermined time elapses after
the start o.f pressing), the valve 19b is closed to stop
This Sheet HasB
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15 is so curved as to separate froma periphery of the second

substrate, and setting the first substrate in an uncurved state after
a'predetermned tinme el apses. A substrate processing nethod
according to the present i nvention is a substrate processing nethod of
overlapping 20 and contacting two substrates conprising the steps of
opposing first and second substrates to each other, pressing t he
second substrate while a periphery of the first substrate is so curved
as to separate froma periphery of the second substrate, and settlng

the first substy cﬁh‘é&ﬁ.ﬂgaﬂy%ﬁé’ ik §PoovbEish af tohs8qhoRt2F! AL CeFL, O

the first and secon
1 that had warped into the shape of an umbrella flattens as

shown in Fig. 4. Accordingly, the contact portion again
spreads from the central portion 3c toward the périphery.
5 As described above, the difference between the spread
rates of the contact portion in all directions (entire
periphery) from the center to the periphery is absorbed in
the middle of the wafer contacting process. After the
contact portion is formed into a substantially circular shape
10 in this manner, the process is continued. Therefore, even
large-diameter wafers can be contacted more uniformly.
Figs. 5A to 5F are views conceptually showing the way
the contact portion spreads when the wafer processing
apparatus 100 contacts two wafers. Referring to Figs. 5A to
15 5F, the spread of the contact portion proceeds in the qrder
of 5A —- 5B - 5C — 5D — 5E — 5F. In Figs. 5A to 5F, each
hatched region indicates the cbntact portion of the two
wafers. |
When the press pin 6a starts pressing the center of the
20 wafer 2 while the entire surface of the lower wafer (wafer
1) is chucked as shown in Fig. 3, a contact portion is first
formed in the center of the wafers as shown in Fig. 5A and
gradually spreads as shown in Figs. 5B and 5C. The shape of
this contact portioﬁ is not a perfect circle. That is, as
25 shown in Fig. 5C, the_periphery of the contact portién is

often uneven.
[ —
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substrates spreads to a predeternined region.

-9- A substrate processing nethod according to the present
i nvention is a substrate processing nmethod of overl appi ng ~and
contacting two substrates conprising the steps of opposing first and

second substrates to each .other, pressing 5 the second substrate while a
peri phery of the first substrate

The spread of the contact portion stops in the state
shown in Fig. 5D, i.e., when the spread proceeds to the
vicinity of the periphery of the central portion 3c 6f the
wafer support table 3 (a position whére the spread of the

5 contact portion stops will be referred to as a contact
boundary hereinafter). Hence, the contact portion can be
formed into a substantially circular shape by continuously
chucking the wafer by the chuck grooves 3b in the peripheral
portion 3¢ until the contact portion reaches the contact

10 boundary throughout the entire circumference.

Next, as shown in Fn.g 4, the valve 19b connected to
the chuck grooves 3b in the peripheral portion is closed to
rele:i\se the periphery of the wafer. Consequently, the lower
wafer (wafer 1) flattens. Accordingly, as shown in Fig. SE,

15 the spread of the contact portion again proceeds. Finally,
as shown in Fig. 5F, the entire surfaces of the two wafers
are contacted. |

Figs. 6A to 6F are views conceptually showing the way
the contact portion spreads when a wafer support jig 201 shown

20 in Figs. 25A and 25B contac_fs two wafers. Referring to
Figs. 6A to 6F, the spread of the contact portion proceeds
in the order of 6A — 6B — 6C — 6D — 6E — 6F.

In this process, the differernice between the spread rates
in all directions when the contact portion ra}dially spreads

25 is not absorbed in the middle of the process. The influence

of the rate difference becomes conspicuous particularly near

This Sheet Has Been R

N



Is so curved as to separate froma periphery of the second substrate,
and adjusting the curve of the first substrate to spread a contact
portion of the first and second substrates step by step froma center
to a periphery thereof. 10 A substrate processing nethod according
to the present invention is a substrate processing method of

over | appi ng and contacting two substrates conprising the steps of
opposing first and second substrates to each other, pressing t he second
substrate while a periphery of the first substrate 15 is so curved as to

eI Lo P BRRIpAePL b e e cere SUAbAANENCEOY A AR
and second subsiigf €8F, any gas between the wafers may remain without being
discharged to form non-contact portions 601. However, the
example shown in Figs. 6A to 6F shows the result when wafers
5 are contacted under the same conditions as the wafer
processing apparatus 100 except for the method of supporting
the wafer 1. Therefore, the formation of the non-contact
portions 601 may be suppressed by changing the conditions
of the contacting process.

10 This non-contact portion 601 naturally has an adverse
effect on subsequent steps. For example, when the wafer
processing apparatus 100 is applied to SOI wafer fabrication
steps (to be described later), defécts occur in the non-
contact portions 601, so these regions cannot be used. This

15 unavoidably lowers the yield.

- The operation of the wafer processing apparatus 100 when
two wafers are contacted will be described below with
reference to Figs. 7 to 12.

When the wafer transfer robot 10 loads wafers 1 and 2

20 on the loadpints 13 and 14, respectively, as shown inFig. 7,
the Z-axis stage 5 moves the wafer support table 3 up to a
predetermined position where thewafer 1 is supported. Also,
the wafer moving mechanism 4 pivots the wafer chuck unit 4c
on the shaft 4b to a predetermined position where the wafer

25 2 can be chucked. |

Next, as shown in Fig. 8, the sensors 15a and 12a of

—_—
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concentrically

A substrate processing nethod according to the present

step by step froma center to a periphery t her eof .

stubstrate processi ng nethod of overl apping and contacting two
substrates conprising the steps of opposing first and second
substrates to each other, pressing- the second substrate while a
predeterm ned portion of the- 25 first substrate is so curved as to
separate fromthe second substrate, and setting the first substrate

in an uncurved

10

15

20

25

the displacement detectors 15 and 12 move to positions above
the wafers 1 and 2 and 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. 7.

As shown in Fig. 9, the wafer moving mechanigm 4 pivots
the wafer chuck unit 4c¢ through about 180° on the shaft 4b
to oppose the wafers 1 and 2 to each other substantially
horizontally. .On the basis of the previously measured
thicknesses of the wafers 1 and 2, the Z-axis stage.5 adjusts
the height of the wafer support table 3 to adjust the gap
between the wafers 1 and 2 to a set value. This gap is
preferably about 20 to 100 um, and more preferably, about
30 tc; 60 um in the center of a wafer. Also, the valves 19a

and 1%b are opened to chuck the entire surface of the wafer

1 to the chuck surface of the wafer support table 3.

Consequently, the wafer 1 warps into the shape of an umbrella

as mentioned earlier.

As shown in Fig. 10, the press pin 6a is pivoted on the .

shaft 6b to the vicinity of the back surface of the wafer
2 (e.g., a position where the press pin 6a essentially comes
in contact with the back surface of the wafer 2).

Next, as shown in Fig. 11, the press pin 6a presses the
back surface of the wafer 2 at the same time the wafer chuck
unit 4c releases the wafer 2. Consequently, the wafers 1 and

2 are gradually contacted from the center to the contact

\\\
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-10- state after a predeterm ned tine el apses. . A substrate
processi ng net hod according to the present I nvention is a substrate
prfocessi ng net hod of overl appi ng and contacting two substrates
conprising the steps of 5 opposing first and second substrates to each

ot her, pressing the second substrate while a predeterm ned portion of
t he first substrate is so curved as to separate fromthe second
substrate, and setting the first substrate in an uncurved

boundary to result in the state shown in Fig. 5D, i.e., the

state wherein the contact portion is formed into a

substantially.circular shape. During pressing, the gas

between the wafers 1 and 2 can be efficiently discharged by
5 vibrating the press pin 6a.

As shown in Fig. 12, the periphery of the wafer 1lis
released. Consequently, the contact portion of the wafers
1 and 2 spreads beyond the contact boundary to the periphery.
Note that the periphery of the wafer 1 can be released by

10 setting the atmospheric pressure in the chuck grooves 3b by
closing the valve 19b. This release needs to.be performed
after the contact portion spreads to the contact boundary
and takes a substantially circular shape after the press pin
‘6a starts the pressing operation. More specifically, the

15 chuck is stopped when a predetermined time (long enough to
allow the contact portion to spread to the'contact:boundary
throughout the entire circumference) elapses after the
pressing operation is started. Alternatively, the chuck is
stopped after the contact portion is found to have spread

20 to the contact boundary by measuring the warp of the wafer
2 by the sensor 1lb5a.

After the press mechanism 6 is returned to the original
state (shown in Flg 2), the wafer chuck unit 4c is returned
to the original state (shown in Fig. 2). The valve 19a is

25 closed to set the pressure in the chuck grooves 3a at the

atmospheric pressure (release the wafer 1). The wafer

\
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state after a contact portion of the first and second 10 substrates
spreads to a predeterm ned region. A substrate processing nethod
according to the present invention is a substrate processing nethod of
over | appi ng and contacting two substrates conprising the steps of
opposing first and second substrates to each other, pressing 15 the
second substrate while a predeterm ned portion of the first substrate
is so curved as to separate fromthe second substrate, and adjusting
the curve of the first substrate to spread a contact portion of the
first and seconsupptl rallde 3 is méwed owai ep Al bowatleeriicard pdns pBrtphery

thereof. 20 In each of the above substrate processing nethods, a-
support the contacted wafers: In this state the wafer
transfer robot 10 chucks the lower portion of the contacted
wafers, transfers the wafers to the wafer cassette 9, and

S places the wafers in the wafer cassette 9.
Fig. 13 is a block diagram showing the configuration
of a control system of the wafer processing appa?atUs 100.
A CPU 17a operating én the basis of a program 17b of a
controller 17 controls the wafer transfer robot 10, the wafer
10 alignment unit 11, the displacement detectors 12 and 15, the
Z-axis stage 5, the wafer moving mechanism 4, the press
mechanism 6, the operation panel 16, and a valve controller
19.
Fig. 14 is a flow chart showing a control procedure
15 performed on the basis of the program 17b. The operation of
the control system of the wafer proceséing apparatus 100 will
be described below with reference to this flow chart.
When the start of a contacting process is designated
by operating the operation panel 16, the CPU 17a initializes
20 the individual components connected to the controller 17 in
step S101. In this initialization step, the CPU 17a also
checks the presence and positions of the wafer cassettes 7,
8, and 9. If preparations are not complete, the CPU 17a
displays information indicating this on a display panel 16a
25 to inform the operator of the informatibn.

In step S102, the CPU 17a controls the wafer transfer
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back surface of the second substrate is preferably pressed.

Furt her objects, features, and advantages of the present invention
wi'll becone apparent fromthe foll ow ng detail ed description of
enbodi mrents of the present invention 25 wth reference to the
acconpanyi ng chucks.

robot 10 to chuck the wafer 1 in the wafer cassette 7. In
step S103, the CPU l1l7a transfers the chucked wafer 1 to the
wafer alignment unit 11 and aligns (adjusts the central
position and direction of) the wafer 1. In step S104, the
5 CPU 17a controls the wafer transfer robot 10 to load the wafer
1 in a predetermined position on the load pins 13 projecting
upward from the wafer support table 3. The CPU 17a also
controls the Z-axis stage 5 to move the wafer support table
3 up to apredetermined position. The CPU 17a opens the valve
10 1%a to chuck the central portion of the wafer 1.

In step S105, the CPU 1l7a controls the wafer transfer
robot 10' to chuck the wafer 2 in the wafer cassette 8. In
step S106, the CPU l1l7a transfers the wafer 2 to the wafer
alignment unit 11 and aligns (adjusts the central position

15 and direction of) the wafer 2. In step S107, the CPU 17a
controls the wafer transfer robot 10 to load the wafer 2 in
a predetermined positioﬁ on the load pins 14 projecting
upward from the wafer chuck unit 4c. The CPU 1l7a also
controls a pivoting motor 4d of the wafer moving mechanism -

20 4 to pivot the wafer chuck unit 4c through a predetermined
angle on the shaft 4b and allow the wafer chuck unit 4c to
chuck the wafer 2. |

In step S108, the CPU l1l7a controls a driver 15b of the
displacement detector- 15 to move the sénsor 15a to a

25 predetermined position above the wafer 1 and measure the

thickness of the wafer 1 by the sensor 15a.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective view

schematically show ng the overal | arrangenent of a wafer processing
apparatus 5 according to one preferred enbodi ment of the present

i nvention; Fig. 2 is an enlarged view of a part of Fig. 1;

Fig. 3 is a view show ng an exanple of a vacuum chuck ~ mechani sm f or med
in a wafer support table; 10 Fig. 4 is a view show ng the exanpl e of
t he vacuum chuck mechani smforned in the wafer support table;

Figs. 5A to 5F are views conceptually show ng the way
In step S109, the CPU 1l7a controls a driver 12b of the

displacement detector 12 to move the sensor 12a to a
predetermined position above the wafer 2 and measure the
thickness of the wafer 2 by the sensor 12a.

5 In step S110, the CPU 17a controls the pivoting motor
4d of the wafer moving mechanism 4 to pivot the wafer chuck
unit 4c through approximately 180° on the shaft 4b to oppose
the wafers 1 and 2 to each other substantially horizontally.

In step S111, on the basis of the measured thicknesses
10 of the wafers 1 and 2 the CPU 17a forms data for adjusting
the gap between the wafers 1 and 2 to a set value. On the
basis of this data, the CPU 17a controls the Z-axis stage
5 to adjust the gap between the wafers 1 and 2. |
In step S112, the CPU 17a controls a pivoting motor 64
15 of the press mechanism 6 to pivot the press pin 6a on the
shaft 6b to, e.g., bring the tip of the préss pin 6a
essentially into contact with the back surface of the wafer
2.
In step S113, the CPU 17a opens the valve 19b to chuck
20 the entire surface of the wafer 1 to the chuck surface of
the wafer supbort jcable 3. Consequently, the wafer 1 warps
into the shape of an umbrella. |
In step S114, the CPU 17a releases the wafer 2 by the
wafer chuck unit 4c. In step S115, the CPU 17a controls the
25 pivoting motor 6d and a vibrator 6c of the press mechanism

6 to press the back surface of the wafer 2 by the press pin
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a contact portion spreads when two wafers are contacted by “the wafer

processi ng apparatus; 15 Figs. 6A to 6F are views conceptually

show ng the way a contact portion spreads when two wafers are
contacted by a conventional wafer processing apparatus;

Figs. 7 to 12 are sectional views taken along a line A - A of the
waf er processing apparatus shown in Figs. 1 20 and 2; Fig. 13
is a block diagram showi ng the configuration of a control system of

t he waf er processing appar at us; Fig. 14 is a flow chart show ng

a control proce&Qréhéﬁv1brate the press pin 6a. By executing step S115
immediately after the execution of step S114, the wafer 2
can be released and pressed at substantially the same time.
However, the press can also be stérted when a predetermined

5 time is counted after the execution of step S114.

When a predetermined time elapses after the execution
of step S115 is started,' the flow advances to step S116. 1In
step S116, the CPU 17a closes the valve 19b to return the
pressure in the chuck grooves 3b to the atmospheric pressure

10 and release the periphery of the wafer 1. Consequently, the
wafer 1 flattens, and the contact portion spreads toward the
periphery.

Wheﬁ the wafers 1 and 2 are completely contacted, the
flow advances to step S117, and the CPU 17a céntrols the

15 pivoting motor 64 of the press mechanism 6 to return the press
pin 6a to the initial position. In step S118, the CPU 17a
controls thé pivoting motor 4d of the wafer moving mechanism
4 to return the wafer chuck unit .4c to the initial position.

In step S119, the CPU 17a closes the valve 19a to

20 completely release the wafer 1. In step S120, the CPU 17a
controls the Z-axis stage 5 to move the wafer support table
3 down to the initial position. Consequently, the contacted
wafers are supported by the load pins 13.

In step S121, the CPU 17a controls the wafer transfer

25 robot 10 to transfer the contacted wafers to the wafer

cassette 9 and places the wafers in the wafer cassette 9.

N
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t he waf er processing apparatus; 25 Fig. 15 is a sectional view

showi ng the arrangenent of a waf er support table according to the
second enbodi nent ; _ -12-

Fig. 16 is a sectional view showi ng the arrangement of ~a wafer support
tabl e according to the third enbodi nent; Fig. 17 is a sectiona

vi ew show ng the arrangenent of

In step S122, the CPU 17a checks whether the contacting
process is completely performed for all wafers contained in
t];1e wafer cassettes 7 and 8. If unprocessed wafers remain,
the flow returns to step S102 to repeat the process. If the

5 CPU 17a determine_s in step S122 that the contacting process
is completely performed for all wafers, the CPU 17a completes
the whole process procedure. The CPU 17a preferably informs
the operator of the completion by, e.g., displaying
information tb this effect on the display panel 1l6a or by

_10 using a buzzer.

In this wafer processing apparatus as described above,
the peripheries of two wafers are separated in the form of
a ring, and substantially the center bf one wafer is pressed.
When the contact portion of the two wafers takes a

15 substantially circular shape, the spread of the cont-act
portion is once stopped. This absorbs the nonuniformity of
the spread rate of the contact portion. Accordingly, the gas
between the two wafers can be efficiently and reliably
discharged.

20 This wafer processing apparatus 100 also achieves the
following effects. 1) Since the press is started at the same
time the upper wafer 2 is released, gas between the wafers
1 and 2 can be reliably discharged toward the periphery. 2)
The two wafers 1 and 2 can be accurately aligned because the

25 upper wafer 2 does not slide when the wafers 1 and 2 are opposed

to each other. 3) The gap between the wafers 1 and 2 can be
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a wafer support table according to the fourth enbodinent; 5 Fig. 18

Is a sectional view show ng the arrangenent of the wafer support table
according to the fourth enbodi nent; Fig. 19 is a view showi ng the
state wherein preparations for a process of contacting two wafers are
conpl et e; Fig. 20 is a schematic view showi ng the state wherein
10 the cont act portion has reached a contact boundary bl; Fig.
21 is a schematic view showi ng the state wherein - the contact portion
has reached a contact boundary b2; Fig. 22 is a schematic view

Phond bS5t 2hBUREEE' Lo an afdioRHNAC iRIELE" I SRIIRTY, SR
possible to give uniform quality to the fabricated wafers
and obviate the need for sorting the wafers 1 and 2 in advance.
4) The surfacés 6f the wafers 1 and 2 can be prevented from

5 being contaminatedwithparticles. 5) Break éf the periphery
of a wafer can be preirented. 6) By giving vibrations to
wafers when the wafers are pressed, any gas that remains
between the wafers can be further reduced.

[Second Embodiment] -

10 This embodiment provides another arrangement of the
wafer support table 3 according to the first embodiment.
Fig. 15 is a sectional view showing the arrangement of a wafer
support table 3' according to this embodiment. Note that the
same reference numerals as in the first embodiment denote

15 essentially the same parts in the second embodiment.

In this wafer support table 3', a central portion of
the wafer chuck surface is a circular central surface 3f
perpendicular to the axial direétion (in a direction z in
Fig. 15). The periphei:al portion of the wafer chuck surface

20 is an annular peripheral surface 3e inclined to the central
surface 3f.

A wafer processing apparatus incorporating this wafer
support table 3' in place of the wafer support table 3 also
achieves the same effects as in the first embodiment.

25 [Third Embodiment]

This embodiment providés still another arrangement of

-
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15

Fig. 23 is a schematic view showi ng the state wherein
entire surfaces of two wafers are contact ed,; Figs. 24A to 24F

are sectional _ _
having an SO structure or the like; and 20 Fi gs. 25A
and 25B are schematic views show ng a part of a process of bonding
waf ers.
Preferred enbodi mnents of the present invention will be described in
bel ow wi th reference to the acconpanying

waf er

det ai |

10

15

20

25

vi ews showi ng an exanpl e of a process of fabricating

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

the wafer support table 3 according to the first embodiment .
Fig. 16 is a sectional view showing the arrangement of a wafer
support table 3" according to this embodiment. Note that the
same reference numerals as in the first embodiment denote
essentially the same parts in the third embodiment.

This wafer support table 3" is substantially the same
as the wafer support table 3 according to the first embodiment
except that the chuck grooves in the central portion are
omittéd. When this wafer support table 3" chucks a wafer,
as shown in Fig. 16, the central portion of the wafer floats
surface. Therefore, even if a foreign matter exists between
the chuck surface of the wafer support table 3" and the wafer,
the operation is not easily affected by this foreign matter.
[Fourth Embodiment]

This embodiment provides another example of the wafer
processing apparatus.. In the above embodiments, the contact
portion is shaped only once in the process of contacltihg two
wafers. However, to properly contact wafers having larger
diameters, it is effective to shape the contact portion twice
or more. This embodiment relates to a wafer processing
apparatus for adjusting the shape of the contact portion
three times.

Figs. 17 and 18 are sectional views showing a part of

the wafer processing apparatus according to this embodiment.

The same reference numerals as in the first embodiment denote

essentially the same parts in Figs. 17 and 18. Components

t he

a
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-13 - chucks. [ Fi rst Enbodi nent ] Fig. 1is a
perspective view schematically show ng the overal | arrangement of a
waf er processing apparatus 100 5 according to this enbodinent. Fig. 2 is
an enl arged vi ew of

such as chuck holes and valves for vacuum-chucking wafers
are omitted from Figs. 17 and 18. Portions not shown in
Figs. 17 and 18 are the same as .in the wafer processing
apparatus 100 according to the first embodiment. That isg,
5 the wafer processing apparatus according to this embodiment
is obtained by replacing the structure (wafer support _tablé
3) on the Z-axis stage 5 in the wafer processing apparatus
100 accordingﬂ to the first embodiment.
In this embodiment, a wafer support table 300 comprises
10 a first support member 31, a second support member 32, a third
sup_port member 33, and a fourth support member 34. The first
support member 31 has a disk-like shape and is connected to
a support table 51 by a connecting member 35. This support
table 51 is fixed to a Z-axis sta.ge 5. The second support
15 member 32 has an annular shape surrounding the perimeter of
the first support member 31 and is connected to a sliding
member 36. The third support member 33 has an annular shape
surrounding the perimeter of the second support member 32
and is connected to a sliding member 37. The fourth support
20 member 34 has an annular shape surrounding the perimeter of |
the third support member 33 and is connected to the first
support member 31 by the connecting member 35.
The sliding member 36 connected to the second sﬁpport
member 32 has sliding pins 36a and 36b engaged with guid_e
25 grooves 38a and 39a of racks 38 and 39, respectively. The
sliding member 37 connected to the third support member 33 .
_
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a part of Fig. 1. Figs. 3 and 4 are sectional views showing t he
arrangenent of a wafer support unit of the wafer processing apparatus
100 shown in Figs. 1 and 2. Figs. 7 to 12 are sectional views taken
along a line A- A of the wafer 10 processing apparatus shown in Figs. 1
and 2. Figs. 7 to 12 show operation of contacting two wafers. _

This wafer processing apparatus 100 is an apparatus for over | appi ng
and contacting two wafers and suited to carry out a nethod of
fabricating a wafer having an SO structure or the like by bondlng t wo

T e PR PR SN s S it 1Rl

- 38a and 39a of the racks 38 and 39, respectively.
The racks 38 and 39 are moved in opposite directions
(A and B) by rotations of motors 40 and 41, respectively.
5 When the racks 38 and 39 move in the directions qf arrows
A and B, respectively, in the state shown in Fig. 18, the
second and third support members 32 and 33 move up in this
order. More specifically, the rotations of the motors 40 and
41 horizontally move the racks 38 and 39 in the directions
10 A andB, respectively. Accordingly, the sliding pins 36a and
36b engaged with the guide grooves 38a and 39a move up to
push the second support member 32 upward. Subsequently, the
slidi_ng pins 37a and 37b engaged with the guide grooves 38a
and 39%a move up to push the third support member 33 upward.
15 When the second and third support members 32 and 33 are
pushed upward as described above, the chuck surfaces of the
first to third support members 31 to 33 form a substantially

flat surface.

On the other hand, by horizontally moving the racks 38
20 and 39 in opposite directions of A and B, respectively, it
is possible to move the second and third support members 32

and 33 down to the state shown in Figs. 17 and 18.
A procedure of contacting two wafers by using this wafer
processing apparatus will be described below. First, awafer
25 transfer robot 10 (Fig. 1) loads a wafer 1 on load pins 13.

Next, the Z-axis stage 5 is driven to bring the chuck surface

e

———
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support table 3 supports the back éurface of a first wafer

1 (Fig. 3).
The wafer noving nechani sm 4 chucks the back 20 surface of a second wafer

2°(Fig. 3) and opposes the second waf er 2 substantially parallel to
the first wafer 1. The wafer support table 3 is preferably so
constructed as to cone in contact only with the back surface of the
first wafer 1. This prevents contam nation of the first wafer 1 25 by

particles and break of the periphery of the first wafer

1. This wafer

support table 3 has a vacuum chuck nmechani sm

10

15

20

25

of _th'e first support member 31 into contact with the back
surface of the wafer 1. In this step, the positions of the
second and third support members 32 and 33 are so controiled
that the chuck surfaces of the second to fourth support
members 32 to 34 form a Subs;antially plane surface.

In this state, a displacement detector 15 measures the
thickness of the wafer 1. Also, a displacement detector 12
measures the thickness of a wafer 2 chucked by a wafer chuck
unit 4c. Next, awafer movingmechanism 41 is pivoted through
about 180°on a shaft 4b to oppose the wafers 1 and 2 to each
other substantially horizontally. On the_basis of the
previously measured thicknesses of the wafers 1 and 2, the
Z—axis stage 5 adjusts the height of a wafer support table
3 to adjust the gap between the wafers 1 and 2 to a set value.

Subsequently, the spaces in chuck grooves formed in the
chuck surfaces of the first to fourth support members 31 to
34 are evacuated to chuck the entire surface of the wafer
1. Apresspiné6ais thenpivotedona shaft 6b to the vicinity
of ﬁhe back surface of the wafer 2 (e.g., a position where
the press pin 6a essentially comes in contact with the back
surface of the wafer 2). 1In this manner preparations for the
process of contacting the two wafers are complete. Fig. 19
shows the state wherein preparations for the process of
contacting the two wafers are complete.

When the press pin 6a starts pressing, the central

portions of the wafers 1 and 2 first contact. The contact
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-14- for chucking the first wafer 1. Figs. 3 and 4 show a wafer _
support nechani smwhich is pressing the central portion of - the wafer 2
with a press pin 6a (Figs. 11 and 12). The waf er noving nechani sm

4 is preferably so 5 constructed as to come in contact
surface of the second wafer 2. In this enbodi nent,

mechani sm 4 has a groove 4a for vacuum chucking a wafer.

only with the back
t he waf er noving
To - chuck the

second waf er

2,

10

15

20

25

it is only necessary to evacuate

portion gradually spreads toward the periphery. This spread
stops when reaching a first contact boundary bl, i.e., the

vicinity of the periphery of the first support member 31.

The first contact boundary bl absorbs any nonuniformity of

the spread rate of the contact portion. As a consequence,
the contact portion takes a substantially circular shape.
Fig. 20 is a view schematically showing the state wherein
the contact portion has reached the first contact boundary
bl.

Next, the second support member 32 is moved up to further
spreads the contact portion 'toward the periphery. The spread
stops when reaching a second contact boundary b2, i.e., the
vicinity of the outer periphery of the second support member
32. | The second contact boundary b2 absorbs any nonunifomity
of the spread rate of the contact portion. 2asa consequence,
the contact ﬁortion takes a substantially circular shape.
Fig. 21 is a view schematically showing the state wherein
the contact portion has reached the second contact boundary
b2.

The third support member 33 is then moved up to further
spreads the contact portion toward the peripherj The spread
stops when reaching a third contact- boundary b3, i.e., the
vicinity of the outer periphery of the third. support member
33. The third contact boundary b3 absorbs any nonuniformity
of the spread rate of the contact portion. As a consequence,

the contact portion takes a substantially circular shape.
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the space in the groove 4a. Wile a wafer chuck unit 4c is 10 chucking
the back surface of the second wafer 2, the wafer novi ng nechani sm 4
rotates the second wafer 2 through about 180[err] around a shaft 4b
and opposes the second wafer 2 substantially parallel to the first
wafer 1. The shaft 4b i's positioned substantially hal fway between the
wafer 15 support table 3 and the wafer chuck unit 4c. Thi s
waf er processing apparatus 100 al so conprises di spl acenent detectors
12 and 15 and a Z-axis stage 5 (Fig. 7) as a nechani smfor adjusting

Lhe dap betweengife 540 0PRI AP scnemal¥L8ity'sAOAs I MR GERTRY,
etector 15 neasurés the
the contact portion has reached the third contact boundary
b3.

Subsequently, the wafer 1 is released by the chuck

5 grooves formed in the chuck surface of the fourth support
member 34. Consequently, the contact portion further
spreads toward the periphery. Finally, the entire surface
of the wafer 1 contacts to the wafer 2. Fig. 23 is a view
schematically showing the state wherein the entiﬁ:e surfaces

10 of the wafers 1 and 2 contact each other.

After a press mechanism 6 is returned to the original
state, the wafer chuck unit 4c is returned to the original
state. The chuck by the chuck grooves formed in the first
to third support members 31 to 33 is stopped.  After that,

15 the wafer support table 30 is moved down to allow the load
pins 13 to suppért the contacted wafers. The wafer transfer
robot 10 chucks the lower portion of the contacted wafers,
transfers the wafers to a wafer cassette 9, and place's the
wafers in the wafer cassette 9.

20 As described above, even large-diameter wafers can be
contacted with high quality by shaping the contact portion
a plurality of number of times.

[Another Embodiment_]

Each of the above embodiments relates to an apparatus

25 and a method of contacting two wafers step by step from the

center to the periphery. However, the present invention is
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20 thickness of the first wafer 1 after the first wafer 1 is pl aced

on the wafer support table 3. The displ acenent detector 12 neasures

the thickness of the second wafer 2 after the second wafer 2 is

chucked by the wafer chuck unit 4c.
results fromthe two 25 displacenent detectors 12 and 15, _
vertically noves the wafer support table 3 to adjust the

5 (Fig. 7)
gap

10

15

20

25

-15-

also applicable to an apparatus and a r_nethod by which
arbitrary portions (e.g., portions of the peripheries) of
wafers are first contacted, and the area of the contact
portion is increased step by step to finally contact the
entire surfaces of the two wafers. |
[Application of Wafer Processing Apparatus]

An application of each of the above wafer processing
apparatuses will be desci:ibed below. Figs. 24A to 24F are

views showing an example of a process of fabricating a wafer

-having an SOI structure.

First, a single—cr;}stal Ssi ﬁrafer 501 for forming a first
wafer 1 is prepared, and a porous Si layer 502 is formed on
the m_aj or surface of thewafer 501 (Fig. 24A). Next, at least
one non—pbrous layer 503 is formed on the porous Si layer
502 (Fig. 24B). Preferable examples of the non-porous layer
503 are a single-crystal Si layer, a porous Si layer, an
amorphous Si layer, a metal film layer, a compound
semiconductor layer, and a superconductor layer. A device
such as a MOSFET can also be formed in the non-porous layer
503. |

An Si0, layer 504 is formed on the non-porous layer 503
to obtain a first wafer 1 (Fig. 24C). The first wafer 1 is
placed in the wafer cassette 7 such that the Si0, layer 504
is turned up. |

A second wafer 2 .is separately prepared and placed in

the wafer cassette 8 such that the front surface is turned

On the basis of the neasurenent
the Z-axis stage
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between the wafers 1 and 2 to a set val ue. The wafer processing
apparatus 100 further conprises a press nechanism 6 for pressing
substantially the center of the upper wafer 2 while the two wafers 1
and 2 are so 5 supported as to face each other. After the two wafers 1
and 2 are so supported as to face each other, the press pin 6a of
the press nmechanism 6 pivots on a shaft 6b to the vicinity of the back
surface of the upper wafer 2. Wien the wafer chuck unit 4c of the
waf er novi ng nechani sm 4 rel eases the upper 10 wafer 2, the press
mechani sm 6 pus the press pin 6a against t he back surface of the
upper wafer 2 to press the back surface.

When the wafer processing apparatus is operated in this
state, the first and second wafers 1 and 2 are so contacted
as to sandwich the SiO, layer 504 between them on the wafer

5 support table (Fig. 24D). The contacted wafers are placed
in the wafer cassette 9.

After this process, anodization, pressing, or, if
necessary, heat treatment, or a combination of these
processes can also be performed for the contacted wafers

10 (Fig. 24D) to strengthen the bonding.

Prefefable examples of the second wafer 2 are an Si wafer,
a wafer obtained by forming an SiO, layer on an Si wafer, a
light-:—transmitting wafer such as a quartz wafer, and a
sapphire wafér . However, the secondwafer 2 canalsobe still

15 another kind of wafer provided that the surface to be bonded
is sufficiently flat.

Subsequently, the first wafer 1 is removed from the
porous Si layer 502 of the second wafer 2 (Fig. 24E), and
the porous Si layer 502 is selectively etched away. Fig. 24F

20 schematically shows the wafer obtained by the above
fabrication method.

This fabrication method can fabricate high-quality
wafers because two wafers are contactedwhile any gas between
the wafers is appropriately discharged.

25 In the present invention, large-diameter substrates can

be easily contacted.
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The two wafers 1 and 2 are gradually contacted fromthe pressed

portion toward the periphery. Accordingly, the gas between the wafers
1"and 2 is discharged toward the periphery and 15 prevented from
remai ni ng between the wafers 1 and 2. The wafer 2 is preferably
pressed by the press pin-6a at substantially the sane tinme the wafer
chuck unit 4c rel eases the wafer 2. If this is the case, the press
operation can be started while the gap between the two wafers 20 1 and 2
is kept adjusted to a set value. Consequently, the contacted wafers

can be given unifor n@[‘ﬂ&% éé’enﬂ tlﬂ\;érﬁ:ll%gl is noRO$shPt&a s e{ﬁ&%ﬂg{% y

prevent any gas fromre
enmbodiments and various changes and modl fications can be made

within the spirit and scope of the present invention.
Therefore, to apprise the public of the scope of the present

5 invention the following claims are made.
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between the wafers 1 and 2 and prevent m salignnent between the wafers

1 and 2. . 25 The press nechanism 6 incorporates a vibrator (e.g.,
a piezoelectric elenment) for vibrating the press pin 6a. The
- 16- press nmechanism 6 can efficiently di scharge—t+he—gas—between

the wafers 1 and 2 by vibrating the press pin 6a when

T o

WHAT IS CLAIMED IS:

1. A substrate processing apparatus for overlapping and
contacting two substrates, comprising:
5 a support unit for supporting a first substrate; and
a press unit for pressing a second substrate opposed
to the first substrate supported by said support unit,
wherein said support unit can support the first
substrate while a predetermined portion of the first
10 substrate is so curved as to separate from the second

substrate and is not curved.

2. The apparatus according to claim 1, wherein said press
unit presses a back surface of the second substrate opposed

15 to the first substrate supported by said support unit.

3. The apparatus according to claim 1 or 2, wherein said
support unit can support the first substrate while a
peripheral portion of the first substrate is so curved as
20 to separate from the second substrate and is not curved, and
said press unit presses é substantially central portion of
the second substrate opposed to the first substrate supported

by said support unit.

25 4. The apparatus according to any one of claims 1 to 3,

wherein said support unit supports the first substrate in
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t he wafer 2. " Pressing of the wafer 2 by the press pin 6a can
al so 5 be controlled at another timng. For exarrp+e’a+—t-eT—t‘h'€—‘—'—vx/afer

2°is released, it can be pressed at a predeterm ned
predet er mi ned anmount or nore of gas between . 3 muﬂ ‘mﬂmrﬂ i mg
di scharged, when a predetermned tine I s countjed,}

predeterm ned timng before the distance 10 between the wafers 1 and 2 is
decreased to a predeterm ned di stance or |ess by the weight of the

wafer 2 and the |iKke. The wafer processing apparatus 100 al so
conprises a  a ctaived ifansetil b Prebltanilidedditle alLgse Arved Laid. The
waf er transfer robot 10 sets the wafers 1 and 2 on the wafer
press unit starts pressing a back surface of the second
substrate, and supports the first substrate in an uncurved

state thereafter.

5. The apparatus according to any one of claims 1 to 3,
wherein said support unit supports the first substrate in
a curved stateuntil a contact portion of the first and second
substrates spreads to a predetermined region after said press
10 unitl starts preséing a back surface of the second substrate,
and supports the first substrate in an uncurved state

thereafter.

6. '.I'he apparatus according to claim 3, wherein said support
15 unit comprises an adjusting unit for adjusting the cuﬁe of
the first substrate to spread a contact portion of the first
and second substrates step by step from a center to- aperiphery

thereof.

20 7. The apparatus according to claim 6, wherein said
adjusting unit adjusts the curve of the first substrate to
spread the contact portion of the first and second substrates

concentrically step by step.

25 8. The apparatus according to any one of claims 1 to 3,

wherein said support unit comprises a chuck unit for curving

—_.—_——_—/—‘.
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15 support table 3 and.the waf er chuck unit 4c, respectively, and

receives the contacted wafers fromthe wafer support tabl e 3.

I h this wafer processing apparatus 100, wafer cassetTes 7and 8

cont ai ni ng unprocessed wafers 1 and 2, respectiveléy, f
cassette 9 for accommodati ng processed wafers ei a‘iﬂ HH@:I ﬁﬁll'ﬂlm‘:h

I ndi vi dual predeterm ned positions. In this gnbodi nent,, whes '«
unprocessed wafers 1 and 2 are accommpdat ed i'n-the wafer cassettes 7
and 8 with the back surfaces of these wafers turned down. 25

Wien the start e FiRi@CE8PsPFat® ByehlBRiNG L backSsurface of the first

10

15

20

25

substrate.

9. The apparatus according to claim 3, wherein said support
unit comprises a support table having a peripheral portion
lower than a central portion, and said support table chucks

the first substrate.

10. The apparatus according to claim9, wherein said support
table comprises a disk-like central portion and one or a

plurality of annular peripheral portions.

11. The apparatus accb_rding toclaim 9, wherein said support
table-comprises a disk-like central portion and an annular
peripheral portion, and a chuck surface of said peripheral
portion is inclined to a chuck surface of said central

portion.

12. The apparatus according to claim 10 or 11, wherein a
chuck surface of said central portion and a chuck surface
of said peripheral portion have chuck mechanisms for chucking

the first substrate.

13. The apparatus according to claim 12, wherein frog-like
pins for supporting the first substrate are formed on the

chuck surfaces of said central portion and/or said peripheral

—_—
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designated by an operation switch 16b of an operation panel
-17- 16, the wafer transfer robot 10 chucks the back surface of

ah unprocessed wafer 1 contained in the wafer cassette 7 apd——transfers
the wafer 1 to the wafer alignnent unit 11. The waf er allgi m:\mu nit

of the orientation frat o o d”w'\m\nﬁmlll\ tion

portion, and the first; substrate is chucked by evacuating

a space between said pins.

14. The apparatus according to claim 10 or 11, wherein only
5 a chuck surface of said peripheral portion of said support

table has a chuck mechanism for chucking the first gu?bstrate .

15. The apparatus accordirig to claim 9, wherein said support
table of said support unit chucks only a periphery of the
10 first substrate to separate a central portion of the first

substrate from a central portion of said support table.

16. .The apparatus according to any one of claims 1 to 15,
furth-er comprising a subétrate manipulation unit for
15 supporting the second substrate with the second substrate
opposing the first substrate supported by said support unit,
and releasing the second substrate,
wherein said press. unit presses the second substrate
when said substrate manipulation unit releases the second

20 substrate.

17. The apparatus according to claim 16, wherein said
support unit substantially horizontally supports the first
substrate, and said substrate manipulation unit

25 substaﬁtially horizontally supports the second substré.te

above the first substrate and releases the second substrate.
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notch) of the transferred wafer 1 by usi nga sensor and adjusts t he
detected central position and direction. The wafer alignnent unit 11

i*s preferably so constructed as to cone iWﬁ t he back
surface of the wafer 1. 10 After that,.the wafer transf obot 10
recei ves the wafer 1 thus conpletely align m m‘“m“ ﬁ‘\}/\afer 1in
a predeterm ned position on load pins 13 p \m

the wafer support table 3. After the wafer 1 is aded‘on" t he | oad
pins 13 in this manner, the wafer support table 3 15 noves up and

supports the wafer 1. The wafer 1. is already al i gned by the wafer
alignnment unit 11 and transferred onto

18. A substrate support apparatus for supporting a

substrate of two substrates when the two substrates are

overiapped and contacted comprising a support unit capable
5 of supporting the substrate in a curved state and an uncurved

state.

19. The apparatus according to claim 18, wherein said
support unit can support the substrate while a periphery of
10 the substrate is curved and is not curved with respect to

a central portion of the substrate.

20. The apparatus according to claim 18 or 19, wherein said
support unit supports the substrate first in a curved state

15 and then in an uncurved state.

21. The apparatus according to claim 19, wherein said
support unit comprises an adjusting unit for adjusting the
curve of the substrate to spread a contact portion of the
20 supported substrate and the other substrate to be contacted
to the substrate step by step from a center to a periphery

thereof.

22. The apparatus aécording to claim 21, wherein said
25 adjusting unit adjusts the curve of the supported substrate

to spread the contact portion concentrically step by step.
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the wafer support table 3 while being kept aligned. Therefore, it is
unnecessary to again adjust the central posi tr—eﬂw the
wafer 1 on the wafer support 20 table 3. However, an arrangenent whi ch
the wafer 1 is al i gned on the wafer support t'a ummmgmm used.
Next, the wafer transfer robot 10 picks up an I 2 from

the wafer cassette 8. Follow ng the sane procedure as* ab’ove khe wafer
alignment unit 11 adjusts 25 the central position and direction of the
waf er 2 and | oads the wafer 2 in a predeterm ned position on |oad pins
14

23. The apparatus according to claim 18 or 19, wherein said
support unit cufves the substrate by chucking a back surface

of the substrate.

5
24. The appératus according to claim 19, wherein said
support unit comprises a support table having a peripheral
portion lower. thaﬁ a central portion, and said support table
chucks the first substrate.

10

25. The apparatus according to claim 24, wherein said
support table comprises a disk-like central portion and one

or a plurality of annular peripheral portions.

15 26. The apparatus according to claim 24, wherein said
support table comprises a disk-like central portion and an
annular peripheral portion, and a chuck surface of said

peripheral portion is inclined to a chuck surface of said

central portion.

20 _
27. The apparatus éccording to claim 25 or 26, wherein a
chuck surface of said central portion and a chuck surface
of said peripheral portion have chuck mechanisms for chucking
the substrate.

25

28. The apparatus according to claim 25 or 26, wherein only

I
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- 18- Snm projecting upward fromthe wafer chuck unit
4c. After the wafer 2 is thus |oaded on tk ' waf er

chuck unit 4c pivots on the shaft 4c and co d towith the _
back surface of the wafer 2. The wafer chuck unif \@ﬂ@ﬂ%@”!‘lhe waf er
[+

by evacuating the space in the groove 4a. As in '% ocedur e,
the wafer 2 is already aligned by the waf er alignnment unit 11 and
chucked by the wafer chuck unit 4c while being kept aligned. This

obvi ates the need for
a chuck surface of said peripheral portion of said support

table has a chuck mechanism for chucking the substrate.

29. 'The apparatus according to claim 24, wherein said
5 support table of said support unit chucks only a periphery
of the substrate to separate a central portion of the

substrate from a central portion of said support table.

30. A substrate processing method of overlapping and
10 contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
pressing the second subsf.rate while a periphery of the
first substrate is so curved as to separate from a periphery
of thé second substrate; and
15 setting the first substrate in an uncurved state after

a predetermined time elapses.

31. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
20 opposing first and second substrates to each other;
pressing the second substrate while a periphery of the
first substrate is s§ curved as to separate from a periphery
of the second substrate; and
setting the first substrate in an uncurved state after
25 a contact portion of the first and second substrates spreads

to a predetermined region.

This Sheet Has Been Rei

oo M



readj usting the central position and direction of the wafer 10 2 when the
wafer 2 is chucked. Wen the wafer 2 i s chucked, it is also effective

to retract the |load pins 14 downward, inste%g_QL_QLMgLLng.Lhe—mafer
chuck unit 4c. Wiile the wafers 1 and are supported by the
waf er support table 3 and the wafer chuck un “ﬂmamu d above
15 the displacenent detectors 15 and 12 neasure t m
the wafers 1 and 2. More specifically, the dlsplaceneht'- M detectors 15
and 12 nove sensors 15a and 12a to positions above the wafers 1 and 2,
irradiate light onto the wafers 1 and 2, and neasure the thicknesses
of the wafers 1 and 2 20 on the basis of the reflected |ight.
32. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
5 pressing the second substrate while a periphery of the
first substrate is so curved as to separate from a periphery
of the second substrate; and
adjusting the curve of the first substrate to spread

a contact portion of the first and second substrates step

10 Dby step from a center to a periphery thereof.

33. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
15 pressing lthe second substrate while a periphery of the
first substrate is so curved as to separate from a periphery
of the second substrate; and
adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates
20 concentrically step by step from a center to a periphery

thereof.

34. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
25 opposing first and second substrates to each other;

pressing the second substrate while a predetermined
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When t he measurenents of the thicknesses of the wafers 1 and 2 are

conplete, the wafer chuck unit 4c pivots through around 180[err] on the
shaft 4b as descri bed above and opposes t he waf er n |aI I y
parallel to the wafer 1. Then, the 25 Z-axis age 5 adj ust

bet ween the wafers 1 and 2, - and the press/pl m i\\m wafer

to conplete the . “‘““m

portion of the first substrate is so curved as to separate
from the second substrate; and
setting the first substrate in an uncurved state after

a predetermined time elapses.

35. A substrate processing method of overlappi_ng and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
pressing the second substrate while a predetermined
10 portion of the first substrate is so curved as to separate
from the second substrate; and
setting the first substrate in an uncurved state after
a contact portion of the first and second substrates spreads
to a iaredetermined region.
15
36. A substrate' processihg method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
pressing the second substrate while a predetermined
20 portion of the first _substrate is so curved as to separate
from the second substrate; and
adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates step
by step from a center to a periphery thereof.

25

37. The method according to any one of claims 30 to 36,

—
This Sheet Has

0 W



contacting process. - When the contacting process is finished, the

waf er support table 3 is noved down by the Z-axis e 5to | ow
the load pints 13 to support the processed wafer. e waf “er
robot 10 receives the processed wafers and places “ o the
waf er ‘cassette 9. By repeatedly executing \“ ve Pprocedures, a
plurality of wafers contained in the wafer cassettes 7 and 8 can be
successively processed. 10 The arrangenent of the wafer support
table 3 will be descri bed bel ow. The wafer support table 3 has a

di sk-1ike wherein a back surface of the second substrate is pressed.

38. A substrate processing method wherein two substrates
are contacted by using the apparatus a¢cording to any one

5 of claims 1 to 29.

39. A substrate fabrication method using the method

according to any one of claims 30 to 37 in a part of aprocess.

10 40. &An SOI substrate fabrication method using the method

according to any one of claims 30 to 37 in a part of a process.
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central portion 3c and an annul ar peripheral portion 3d. Chuck grooves
3a and 3b for vacuum chucking the wafer 1 are formed in the chuck
surfaces (the surfaces for chucking the 15 wafer 1) of the central portion
3c and the peripheral portion 3d, respectively. In the enbodi nent
shown in Figs. 3 and 4, t he chuck grooves 3a are nine concentric
annul ar grooves, and the chuck grooves 3b are four concentric annul ar
gr ooves. The chuck grooves 3a and 3b are connected to chuckhol es
20 18a and 18b, respectively, and further connected to val ves 19a and
19b, respectively. These val ABSTRIETaRF THE BESCLOSUREonnected to a vacuum
punp 20 through a pipe 18. Wafer chuck operations by the chuck grooves
3a and 3b can be independently

The spaces in chuck grooves 3a and 3b are evacuated to

chuck the entire surface of a wafer 1 to the chuck surface

5 of a wafer support table 3 and curve the wafer 1. A wafer

2 is horizontally opposed to the wafer 1, and the center of

the wafer 2 is pressed by a press pin 6a. The cent':ers of the

two wafers 1 and 2 are contacted, and the contact portion
gradually spreads to the vicinity.of the periphery of a

10 central. portion 3¢ and takes a substantially.circular shape.

After that, the ghuck by the chuck grooves 3a is stopped.

Consequently, the wafer 1 flattens, and the entire surfaces

of the wafers 1 and 2 are contacted.
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controlled by the valves 19a and 19b which can be separately 25 opened
and cl osed. The chuck mechanj smfor the wafer 1 can take various
: 20- forns. One preferable exa £ a mechani sm whi ch supports

the wafer 1 by pins arranged in the formof a frog and evacuates




t he space between these pins to chuck the wafer 1 to the chuck surface

of the wafer support table 3. This chuc hanism 5 alleviates the

i nfluence (e.g., poor planarity of the f - 1) of particles and the

| i ke between the wafer 1 and the wafer support table 3. One exanpl e of
t his chuck nmechani sm when the size of a wafer is 8 inches is a chuck
mechani smin which the diameter of each pin is about 0.2 nmand the
distance 10 (pitch) between pins is about 2.2 mm In this nechanism the
contact ratio between the wafer and the wafer support table S
approximately 1.2% - To press the wafer 2 by the press pin 6a,
both of the val ves 19a and 19b are opened to chuck the wafer 1 by both

2

FIG.




15 of the chuck grooves 3a and 3b. Cbnsequently, as shown in Fig. 3,

the peripheral portion 3d of the wafer ﬁlgﬂbves to separate from
the wafer 2, i.e., the wafer 1 warps in t he shape of an unbrella.
In this state, the central portion of the wafer 2 is 20 pressed as shown
in Fig. 3. Consequently, the central portions of the wafers 1 and 2
contact, and the contact portion gradual |y spreads toward the

peri phery. The spread of the contact portion stops when it spreads
substantially uniformy to the vicinity of the periphery of the

central 25 portion 3c throughout the entire circunference. This is so

FIG. 3
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because the wafer 1 is supported while being warped into the

-21 shape of an unbrell a. he spread of the contact
portion fromthe center to the'perfhﬂ% y of the wafer does not al ways
proceed at the sane rate throughout the-entire circunference. This is
SO 5 because, e.g., the bonding surfaces of the wafers 1 and 2

FIG. 5A FIG. 5B FIG. 5C

FIG. 5D FIG. 5E FIG. 5F




are uneven, and the force acting in the ‘}éﬁction I n which the wafers
(¢

1 and 2 are contacted decreases fromth ter to the periphery,

whi ch increases the influence of the. nonuni formty of wafers in the
direction fromthe center to 10 the periphery. If the spread of
the contact portion does not proceed at the same rate, i.e., if the
contact portion does not concentrically spread, a gas (e.g., air) can
remai n bet ween the wafers. This phenonmenon is considered to becone
nore 15 pronounced as the dianeter of wafers increases. When
however, the wafer 1 is pressed while it is warped I nto the shape of

an unbrella as shown in Fig. 3A the spread

FIG. 6A FIG. 6B FIG. 6C

" FIG. 6D FIG. 6E FIG. 6F

601

601




of the contact portion of the two wafer %ﬁfnd 2 once stops near the
peri phery of the central portion 3c. ARD ngly, 20 the nonuniformty of
the spread rate of the contact portion i s absorbed near the periphery
of the central portion 3c. As a consequence, the contact portion is
formed into a substantially circul ar shape. After the
contact portion takes a substantially 25 circular shape (e.g., whena

predet erm ned tineel apses after _the start of pressing), the valve 19b
is closed to stop
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-22- chucki ng by the chuck groov&igag. Consequently, the wafer
|

1 that had warped into the shape of an a flattens as shown in
Flg. 4. Accordingly, the contact portion again spreads fromthe
central portion 3c toward the periphery. 5 As descri bed above, the
di fference between the spread ~rates of the contact portion in al
directions (entire peri phery) fromthe center to the periphery is
absorbed in the m ddle of the wafer contacting process. After the
N
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contact portion is formed into a substantially circular shape 10 in this

manner, the process is continued. Ther 8#0¢2@, “even | ar ge- di anet er

waf ers can be contacted nore uniformy. Figs. 5A to 5F are views
conceptual |y show ng the way the contact portion spreads when the

waf er processing apparatus 100 contacts two wafers. Referring to Figs.
5A to 15 5F, the spread of the contact portion proceeds in the order

of BA->5B ->5C->5D->5E ->5F. In Figs. 5A to 5F, each hat ched
region indicates the contact portion of the two waf ers. When

the press pin 6a starts pressing the center of the
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éo wafer 2 while the entire surface o

f ths | ower wafer (wafer 1) is
chucked as shown in Fig. 3, a contact §b?2 on is first formed in the
eenter of the wafers as shown in Fig. 5A and gradual |y spreads as
shown in Figs. 5B and 5C. The shape of this contact portion is not a
perfect circle. That is, as 25 shown in Fig. 5C, the periphery of the
contact portion is of ten uneven.
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The spread of the contact portion stops in_the state shown in Fig. 5D,
I .e., when the spread proceeds to thelO/’ZOVicinity of the periphery of the
eentral portion 3c of the waf er support table 3 (a position where the
spread of the 5 contact portion stops will be referred to as a contact
boundary hereinafter). Hence, the contact portion can be formed into
a substantially circular shape by continuously chucki ng the wafer by

t he chuck grooves 3b in the peripheral portion 3c until the contact

portion reaches the contact 10 boundary throughout the entire
ci rcunf erence.
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hbxt as shown in Fig. 4, the valve 19b conpectéd to t he chuck .grooves
3b in the peripheral portlon i s cl osed lle’20 rel ease the periphery of the

waf er. Consequently, the | ower waf er (wafer 1) flattens. Accordingly,
as shown in Fig. 5E, 15 the spread of the contact portion again proceeds.
Finally, as shown in Fig. 5F, the entire surfaces of the two wafers
are contacted. - Figs. 6A to 6F are views conceptually show ng t he
way the contact portion spreads when a wafer support jig 201 shown 20
in Figs. 25A and 25B contacts two wafers. Referring to Figs. 6Ato
6F, the spread of the contact portlon proceeds in the order of 6A ->

6B -> 6C -> 6D -> 6E -> G6F.
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In this process, the difference between t spread rates in-all

directi ons when the contact portion r spreads 25 is not absorbed.
in the mddle of the process. The influence of the rate difference
beconmes conspi cuous particularly near _
- 24- t he peripheries of the wafers. Consequently, as Fig. 6F,
any gas between the wafers my rerP' nlvm'd]out biigg
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di scharged to form non-contact portions_601. However, the exanpl e
shown in Figs. 6A to 6F shows the resul3/ n wafers 5 are contacted

uhder the sane conditions as the wafer processi ng apparatus 100 except
for the nethod of supporting the wafer 1. Therefore, the formation of
t he non-cont act portions 601 may be suppressed by changi ng the
condi tions of the cont acEi ocess. 40 Thi s non-cont act
portion 601 naturally has an d\rﬁré. 13 ect on subsequent steps. For
exanpl e, when the wafer pr ocesptrng—apparattus—+00—+s—apptted—to—50
wafer fabricatioff CONTATTING {to be| described latery, defect 57_05&312 ijn the
non- PROCESS
MOVE PRESS PIN
S101\,\
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CHUCK ENTIRE SURFACE
' OF FIRST WAFER
S102 l‘ v __Si14
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contact portions 601, so these regions cannot be used. This 15

unavoi dably | owers the yield. 14 A@H operation of the wafer

pt ocessi ng apparatus 100 when two wafers are contacted will be

descri bed below with reference to Figs. 7 to 12. When t he
waf er transfer robot 10 |oads wafers 1 and 2 20 on the |load pints 13 and
14, respectively, as shown in Fig. 7, the Z-axis stage 5 noves the
waf er support table 3 up to a pr edet er mi nedposi ti onwhere thewafer 1 is
supported. Al so, t he waf er noving nechani sm 4 pivots the wafer chuck
unit 4c on the shaft 4b to a predeterm ned position where the wafer

25 2 can be chucked.
FIG. 15

FIG. 16
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Next, as shown in Fig. 8, the sensors 15a and 12a of
- 25- t he di spl acenent det ectorslG82{hd 12 nove t

0 positions above

the wafers 1 and 2 and neasure the thicknesses of the wafers 1 and 2,

respectively. After the thicknesses of the wafers .
neasured, the sensors 15a and 12a return to the

1 and 2 are
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-

5 initial positions shown in Fig. 7. As shown in Fig. 9, the

waf er nmoving nmechani sm 4 pivots tHe/ 28 er chuck unit 4c t hr ough about
180[err] on the shaft 4b to oppose the wafers 1 and 2 to each ot her
substantial ly horizontally. On the basis of the previously neasured
10 thicknesses of the wafers 1 and 2, the Z-axis stage 5 adjusts t he
hei ght of the wafer support table 3 to adjust the gap bet ween the
wafers 1 and 2 to a set value. This gap is preferably about 20 to 100
pm and nore preferably, about 30 to 60 pmin the center of a wafer.
Al so, the valves 19a 15 and 19b are opened to chuck the entire surface of
the wafer 1 to the chuck surface of the wafer support table 3.
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Consequently, the wafer 1 warps into the shape of an unbrella as
menti oned earlier. As shown il7A2Q. 10, the press pin 6a is

pi voted on the 20 shaft 6b to the vicinity of the back surface of the
waf er 2 (e.g., a position where the press pin 6a essentially cones

in contact with the back surface of the wafer 2). Next, as shown
in Fig. 11, the press pin 6a presses the back surface of the wafer 2
at the same time the wafer chuck 25 unit 4c releases the wafer 2.
Consequently, the wafers 1 and 2 are gradually contacted fromthe
center to the contact

FIG. 19
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- 26- boundary to result in the state shown in Fig. 5D, i.e., the

state wherein the contact portionis fd8wWE0into a substantial ly
circul ar shape. During pressing, the gas bet ween the wafers 1 and 2
can be efficiently discharged by 5 vibrating the press pin 6a.

As shown in Fig. 12, the periphery of the wafer 1 is rel eased.

"FIG. 22
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1 and 2 spreads beyond the contact bo%%ggéé to the periphery. Not e
I

that the periphery of the wafer 1 can
at nospheric pressure in the chuck grooves 3b by

eased by 10. setting the

cl osing the val ve 19b.

This rel ease needs to be perforned after the contact portion spreads
to the contact boundary and takes a substantially circular shape after

More specifically, the

the press pi 6 ts the pressing operation.
15 chuck i!nslégbedqzahgﬂ a predeternined time (long enough to al | ow

the contact portion

entire circunference
Alternatively, the chuck is
to have spread

TR
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FIG. 24D
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20 to the contact boundary by nmeasurppggge warp of the wafer 2 by
t he sensor 15a. After the press nmechanism®6 is returned to the
ori gi nal state (shown in Fig. 2), the wafer chuck unit 4c is returned
to the original state (shown in Fig. 2). The valve 19a is 25 closed to
set the pressure in the chuck grooves 3a at the at nospheri c pressure
(rel ease the wafer 1). The wafer _ . -27-
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sub‘port aple 3 is noved down to allowthe |oad pins 13 to Q&Qo‘ﬁ’t’ﬁz-
€OoRnt act dd wa tate e fer transfer robot 10 chu he
T over pa tloﬁggﬁ ngcon g?ted sc' &zfers, transfers the wafers tgm

waf er ccsgngnonarmgeds ..... altaplpdgg_ fers in the wafer cassette 9.

Fig. 13 jis-Gaisi(ekk obaggdﬁnrshpuged ﬁh configuration of a control
system -’u Deawigi(9r : med:.es:s.lmgagiap’a:rﬁ ud~100. A CPU 17a operating on
t he basi|{A0Abstrapy Ogrp’uﬁbdﬂ? @ paged . ..fontroller 17 controls the wafer
transf erlacgbat 10 __the wafer 10 alighment unit 11, the displ acenent

“detectors 12 and 15, the TITLE. OF THE INVENTION

-*

SUBSTRATE PROCESSING APPARATUS, SUBSTRATE

SUPPORT APPARATUS, SUBSTRATE PROCESSING METHOD,

5 AND SUBSTRATE FABRICATION METHOD
REPLAGEMENT SHEET
BACKGROUND OF THE INVENTION 12 NOV 1998
. FIELD OF THE INVENTION
10 The present invention relates toa substraf.e processing

apparatus, a substrate support apparatus, a substrate
proceé-sing method, and a substrate fabrication method and,
more particularly, to a substrate processing apparatus, a
substrate support apparatus; and a subétrai:e processing
15 method by which two substrates é.re overlapped and contacted,.
and a substrate fabrication method using any of these

~ apparatuses and method.

DESCRIPTION OF THE RELATED ART

20 A method of contacting two wafers (substrates) and

bonding the contacted wafers by, e.g., ano'dizé.tion, préssing,
or heat treatment is suited to the fabrication of a wafér~
having an SOI structure or the like.
Figs. 25A and 25B are schematic views showing a part
25 of a process of bonding waférs ‘ Iﬁ t;his bonding process, as
shown in Fig. 252, a first wafer 1 is set on a wé.fer'suppqrt, |

jig 201 with t w-ace of the first wafer 1 turned
REPLACEMENT SHEETS 4
J¥ Description : paged Wto ged ’
X Claim(s) :paged4d. to paged 2
0 Drawing(s) : paged =, to paged ...
A Abstract  : paged 22 to paged .
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Z-axi s stage 5, the wafer noving nmechanism4, the press mechani sm 6,
the operation panel 16, and a val ve controller 19. Fig, 14
is a flow chart showing a control procedure 15 perforned on the basis of
t he program 17b. The operation of the control system of the wafer
processi ng apparatus 100 wil | be dgscribed below with reference to
this flow chart. When the st&rt of a contacting process is

desi gnat ed by operating the operation panel 16, the CPU 17a
initializes 20 the individual conponents connected to the controller 17

Lﬂecks cht Slroeg’é’ggﬁﬁt %I%E‘P"Il‘&?;?lﬁ%#f étatﬁéoaﬁgéfyc%‘é‘%g@% ,‘7’% a‘gofirSt
wafer 1 with the bonding surface of the second wafer 2 turned
down. In- this state, as shown in Fig. 25_A, the upper wafer
2 floats by the gas (e.g., air or inert gas) between the

5 wafers.

Next, as shown in Fig. 25B, a press pin 202 presses the
center and its vicinity of the upper wafer 2 before the gas
between"thé wafers 1 and 2 is completely discharged.
Consequently, air between the central poftions of the wafers

10 is pushed toward the periphery to firsi: contact thé central
portio-ns of the wafers 1 and 2. Thereéfter, aix: between the
wafers is gradually pushed téward the pe:i:‘iphexy to increase
the area of the contact portion. Finally, the two wafers are
.entirely contacted.:

15 This méthod is useful as a method of contacting two
wafers by a simple jig and is also considered as a fundamental
technique readily applicable to large-diameter w;fers.

Generally, the in—plape‘uﬁiformity of a wafer becomes

‘difficult to ensure as the-aiameter of the wafer iﬁcreases.

20 The above xﬁethod is expe'c'ted to be able to solve the problem
of this in-plane uniformity _ew.ren -when the method ié applied
to the fabrication of large-diameter wafers. Héwever;zah

technique suited to 1ar§er diameters is being desired.

25 SUMMARY OF THE INVENTION




8 and 9. If preparations are not conplete, the CPU 17a _ di spl ays
iznformation indicating this on a display panel 16a 25 to informthe
operator of the information. In step S102, the CPU 17a controls
the wafer transfer - 28- r obot
10 to chuck the wafer 1 in the wafer cassette 7. In

- -
——

It is an object of the present invention to provide an
é.pparatus and a method of easily contacting large-diameter
substrates.

A substrate processing apparatus according to Ehe

5 ©present invention is: a substrate processing apparatus for
overlapping and contacting two substrates comprising a
supporﬁ unit for supporting a first substrate, and a press
unit for -pressing a second substrate opposed to the first
substrate supported by the support unit, wherein the support

10 unit can support the first substrate while a predeﬁemined
-'portion of the first substrate is so curved as to separate
from the second substrate and is not.curved.

In the above substrate___ processq'.ng apparatus, thé press
unit preferably presses a back surface éf. the second

15 substrate opposed to the first subétrate suppoi:ted by .the_
support unit. . | '

In the above substrate processing apparatus, it is
preferable t';hat the support unit can 'support the first
substrate while a peripheral portion of the first substrate

20 is so curved as to separate from the second substrate and
| is ﬁot curved, and the press unit press a substantially
central portion of the seconé. substrate opposed to the first
substrate supported by t_:he" sﬁpport unit.
In the above substrate processi;xg apparatus, it is
25 prefe'rable that the support unit support the first substrate

in a curved state until a predetermined time elapses after




steép S103, the CPU 17a transfers the chucked wafer 1 to the waf er
alignment unit 11 and aligns (adjusts the central position and
direction of) the wafer 1. In step S104, the 5 CPU 17a controls the wafer
transfer robot 10 to | oad .the wafer 1 in a predeterm ned position on
the |l oad pins 13 projecting upward fromthe wafer support table 3. The
CPU 17a al so controls the Z-axi s-sﬁa_ge 5 to nove the wafer support
tabl e 3 up to apredeterm ned position. The CPU 17a opens the val ve

10 I9a to chuck the central portion of the wafer 1. - In step
S105, the CPU 17a controls the wafer transfer robot 10 to chuck the
waf er 2 i'n the thef presasweit astadrtbnpressirg epb&dktgurtferceClolf tha decmsl er s

the wafer 2 to the wafer
substrate, and support the first substrate in an uncurved
state thereafter.

In the above substrate processing apparatus, it is

5 preferable that the support unit support the first substrate
in a curved state until a contact portion of the firét and
second substrates spreads to a predeteﬁnined region after
the press. unit .starts pressing a back surface of the sécond
substrate, and support the. first substrate in an uncurved

10 state thereafter. |

In the above substrate processing apparatus, tl;e
support unit preferably comprises an adjusting ﬁnit for
adjuéting the curve of the first substrate to spread a contact
portion of the first and s.econd substrates step by step from

15 a center to a periphery _thereof.

In the above substrate processing apparatus, the
adjusting unit preferably adjustsl the curve of the first
substrate to spread the contact portion of the first and
second substrates concentrically step by step.

20 In the above ) substrate processing apparatus, the
support unlt preferably comprises a chuck unit for curving
the first substrate by ch_'ucking a back surface of the first

' substrate.

In the above substrate processing apparatus, it is

25 preferable that thé suppor;'t unit comprises a suppdrt table
having a periphéral portion' lower than a cent;ral portion,

42 NOV B9R
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alignnent unit 11 and aligns (adjusts the central. position 15 and

direction of) the wafer 2. In step S107, the CPU 17a controls the
waf er transfer robot 10 to load the wafer 2 in a predeterm ned
position on the | oad pins 14 projecting -upward fromthe wafer chuck
unit 4c. The CPU 17a al so controls a pivoting notor 4d of the wafer

novi ng nechanism 20 4 to pivot the wafer chuck unit 4c through a
pr edet er mi ned

to
driver

angle on the shaft 4b and allow the wafer chuck unit 4c

chuck the wafer 2. In step S108, the CPU 17a controls a

15b of the

di spl acenent detector 15 to nove the sensor 15a to a

10

15

20

25

and the support table chuck the first substrate.

- In the above substrate'processing apparatus, the
support table preferably comprises a disk-like central
portion and one or a plurality of annular peripheral
portions. |

In the above substrate processing apparatus, it is
preferable that the support table comprises a disk-like
central portion and an annular peripheral portiqn, and a
chuck surféce of the peripheral portionbe inclined to a chuck
surface of the central portioh.

In the above substrate processing apéaratus, a chuck
surface of the ceﬁtral portion and a chuck surface of the
peripheral‘bortion ﬁreferably have chuck mechanisms for
chucking the first substrate.

In the above substrate processing apparatus, it is
preferable that frog-like pins for supporting the first
substrate be formed on the chuck surfaces of the central
portion and/or the peripheral portion, and ﬁhe first
substrate be chucked by evacuating a space between the pins.

In the above substrate processing apparatus; only a
chuck surféce of the peripheral portion of the support ﬁable
preferably has a chuck mechanism for chucking the first
substrate. -

In the above substrate processing apparatﬁs, the
support table of the support unit préferably chucks only a

periphery -of the first substrate to separate a central




25 * predet ernm ned position above the wafer 1 and "E-Smﬁﬁk
of the wafer 1 by the sensor 15a. ; A
In step S109, the-CPU 17a controls a driver 12b of
detector 12 to nove the sensor 12a to a pr ede
the wafer 2 and neasure the thickngss of the
12a. “o-

—

portion of the first substrate from a central portion of the
support table.
In the above substrate processing apparatus, it is
preferable that the apparatus further comprises a substrate
5 manipulation unit for supporting the second substrate with
the second substrate opposing the first substrate supported
by the support unit, and releasing the second substrate, and
the i:ress unit press the second substrate when the substrate
manipulation unit releases the second substrate. -

10 In the above substrate processing apparatus, it is
preferable that the support unit substa.ntial.ly horizontally
support the first substrate, and the_substratexmﬁnipulation
unit substantially horizontally support the second substrate
above the first substrate and release the second substraﬁe,

15 | A substrate support apparatus éccording to the present
invention is a substrate support apparatus for supporting
one of two substrates when the two substrates are overlappea
and contacted comprisinga sﬁppbrt unit capable of supporting
the substrate in a curved state and an uncurved state.

20 In the above substrate support apparatus, the support
unit preferably can support the substrate while a periphery
of the substrate is curved and is not curved with respect
to a central portion of the substrate.

In the above substrate support apparatus, the support

25 unit preferably supports the substrate first in a curved

state and then in an uncurved state.



5 ° In step S110, the CPU 17a controls the pivoting notor 4d of

t he waf er novi ng nechanism4 to pivot the wafer chuck unit 4c through
approximately 180 on the shaft 4b to oppose the wafers 1 and 2 to each
ot her substantially horizontally. In step S111, on the basis of
t he measured thicknesses 10 of the wafers 1 and 2 the CPU 17a forns data
for adjusting the gap between the-dafers 1 and 2 to a set value. On
t he basis of this data, the CPU 17a controls the Z-axis stage 5
to adjust the gap between the wafers 1 and 2. In step S112, the

CPU 17a controls a pivoting notor 6d 15 of the press nmechanism6 to pivot
the press pin 6a on ¥Ithdhe above substrate support apparatus, the support

unit preferably comprises an adjusting unit for adjusting
the curve of the substrate to spread a contact portion of
the supported substrate and the other substrate to be

S contacted to the substrate step by step from a center to a
periphery thereof.

In the- above substrate support apparatus, the adjusting
unit preferably adjusts the curve of the supported substrate
to spread the contact portion concentrically step by step.

10 In the above substrate support apparatus, the support
unit preferably curves the substrate by chucking a back
surface of the substrate. |

In tbe above substrate support apparatus, it is
preferabie that the support unit comprises a support table

15 having a peripheral portio_n lower than a central portion,_
and the support table chuck the first substrate.

In the aboire substrate support apparatus, the support -

' table preferably comprises a disk-like central portion and
one or a plurality of ammular peripheral portions.

20 In the above substrate support apparatus, it is
preferable that the suppbrt table comprises a disk-liké
central portiorn aﬁd an annular peripheral portion, and a
chuck surface of the periphéral portionbe inclined to a chuck
surface of the central portion.

25 ) In the above substrate support apparatus, a chuck
surface of the central portion and a chuck su_i'face 6f the

| REPLACE:
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shaft 6b to, e.g., bring the tip of the press pin 6a %ally into

contact with the back surface of the wafer 2. ‘step S113,
the CPU 17a opens the valve 19b to chuck 20 the entirfe 1%ace of the
wafer 1 to the chuck surface of t he wafer supportft bl ‘e <M,

Consequently, the wafer 1 warps i nto the shape of Jﬁh

In step ‘S114, the CPU 17a rel eases the"#afer 2 by the uck unit
4c. In step S115, the CPU 17a controls the 25 pivoting not “a
vibrator 6c of the press nmechanism 6 to press the back surtaeg of the
wafer 2 by the press pin o

peripheral portion preferably have chuck mechanisms for
chucking the substrate.
In t;_he above substrate support apparatus, only a chuck
. surface of the peripheral surface of the support table
S preferably has a chuck mechanism for chucking the substrate.
In the .above substrate support apparatus, the support
' table of the support unit preferably chucks -only a periphery
of the substrate to separate a central portion of the
substrate from a central portion of thé support table.

10 A substrate processing method according to the present
invention is a substréte processing'method of overlapping
and contacting two substrates comprising the steps of
opposing first and second substrates to each other, pressing

~ the second substratewhile a peripherj( of the first substrate

15 1is so curved as to separate from a periphery of the second
substrate, and settlng the first substrate in an uncurved
state after a predetermlned time elapses.

A substrate process:.ng method according to the present
'llnventlon is a substrate proce551ng method of overlapping

20 and contacting two substrates comprlslng the steps of
opposing first and second substrates to each other , pressing
the second subs_trate while a periphery of the first substrate
is so curved as to sepéfate from a periphery of the secbnd
substrate, and sgtting the first substrate in an uncurved

25 state after a contact portion of the first and second

substrates spreads to a predetermined region.
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rel eased and pressed at substantially the sane tine.
press can also be started when a predetermned 5 tikg
t he execution of step S114.° Wien a predeterm
after the execution -9-

10

15

20

25

6a and vibrate the press pin 6a. By executi
after the execution of step S114, the wafer

—

A substrate processing méthod according to the present
invention is a substrate processing method of overlapping
and contacting two substrates comprising the steps of
opposing first and second substrates to each other, pressing
the secoﬁd substrate w;while a periphery of the first substrate
is so curved as to separate from a periphery of the second
substré.te, and adjusting the curve of the first substrate
to spread a contact portion of the first and second substrates
step by step from a center to a periphery thereof.

A substrate processing method according to ﬁhe present

.invention is a substrate processing method of overlapping
and contacting two substrates com‘t;)risirig the steps of
opposing first and second substrates to each other, pressing
the second substratewhile a periphéry of the first substrate '
is so curved as to separate from a pefiphery of the second
substrate, and édjusting the curve of the first substrate
to spread a contact portion of the first and second substrates
concentrically step by step from a center to a periphery
thereof.

A substrate processing method acdcording ﬁo the present

- invention j.s a substra-te. brbééssing method of_ overlapping
and contacting 'Ewo subst_raj;es comprising the steps of
opposing first and second_subétrat_ﬁes to e’ach other, pressing-
the second substrate while a predetermined portion of the-
first substrate is so curve-d. as to se;arate from the second

substrate, and setting the first substrate in an uncurved



of étep S115 is started, -the fl ow advances to step Sl1 step S116,

the CPU 17a closes the valve-19b to return the prAss '.'___he chuck
grooves 3b to the atnospheric pressure 10 and rel eageft he-iE#¥Ephaey of
the wafer 1. Consequently, the wafer 1 flattensy . \
portion spreads toward the peri phe Ifm fers~{ and
2 are conpletely contacted, the lﬁlleadvances nd/ t he
CPU 17a controls the 15 pivoting m)tor 6d of the pre Qs 6/to
return the press pin 6a to the initial position. 88/ t/he CPU
17a controls the pivoting notor 4d of the wafer noving hani sm

4 to return thét%mieafgﬁnck prgedetrrminedh&imgi elapPsessiti on. )

A substrate processing method according to the present
invention .is a substrate processing method of overlapping
and contacting two substrates comprising the steps of

5 opposing first and second substrates to each other, pressing
the second substrate while a predetermined portion ef the
first substrate is so curved as to separate from the second
substrate, and setting the first substrate .in an _uncufved
state after a contact portion of the first and second

iO substrates spreads to a. predet_ermined fegi_on.

A substrate processing metho_d _a.ccerding to the present

- invention is a substrate processing method of overlai)ping
and contacting two substrates comprising the steps of
opposing first and second substrates to each other, pressing

15 the second substrate while a predetermined portion of the
first substrate is so curved as to separate from the second )
substrate, and adjustisg the curve of the first substrate
to spread a contact portion o.f the first and secend substrates
step-by step from a center to a periphery thereof.

20 In each of the above substrate processing methods, a
back surface of the second substrate is preferably pressed.

Further objects, features, and advantages of the

' present invention will become apparent from the following
det'ailed_. description of embodiments of the present invention

25 with reference to the accompanying chucks.



In Step S119,
the wafer 1.

the CPU 17a closes the valve 19a to 20 conpl et/

In step S120, the CPU 17a controls the Z- gki '
nove the wafer support table 3 down to the initial j

Consequently, the contacted waf ers are supported by the '
In step S121, the CPU 17a controls the yafer transfer 25/
transfer the contacted wafers to the water cassettef9 a

wafers in the wafer. cassette 9.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1l is a perspeétive view schematically showing the
overall arrangemeni: of a wafer processing apparatus
according to one preferred embodiment of the present
invention;

Fig. 2 is an enla:ged_ view of a part of Fig. 1;

Fig. 3 is a view showing an example of a vacuum chuck

mechanism formed in a wafer support table;

Fig. 4 is a view showing the example of the vacuum chuck
mechanism formed in the wafer support tabie ;

Figs. 5A to SF are views conceptua]_.ly showing the way
a contact portion spreads when two wafers are contacted by
the wafer processing apparatus;

Figs. 6A to 6F are views conceptually showing the wé.y
a contact portion spreads when two wafers are contacted by
a conventional wafer processing apparatus;

Figs. 7 to 12 are sectional views ‘taken along a line
A - A' of the wafer processing apparatus shown in Figs. 1
and 2; '

Fig. 13 is a block diagram showing the configuration
of a control system of the wafer procéssing apparatus;

Fig. 14 is a flow chart showing a control procedure of
the wafér processing apparatus;

Fig. 15 is a sectional view _showing the arrangement of

a wafer support table according to the second embodiment;
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In step S122, the CPU 17a checks whet hel'x/tv

process is conpletely perforned for all wafers contai ,;!? waf er
cassettes 7 and 8. |If unprocessed wafers renmain, WSS o
step S102 to repeat the process. If the 5 CPU 17a | Tg]tE 122
that the contacting process- I's conpletely per S,
the CPU 17a conpl etes the whol e prB€ess procedtwg.

preferably inforns t he operator of the conpletion ayi ng

information to this effect on the display panel 16a or by
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Fig. 16 is a sectional view showing the arrangement of
a wafer support table according to the third embodiment;

Fig. 17 is a sectional view showing the arrangement of

a wafer support table according to the fourth embodiment;

Fig. 18 is a sectional view showing the arrangement of
the wafer support table according to the fourth embodiment;
Fig. 19 is a view showing the state wherein preparations
for a process of con't:é.cting Ewo wafers are complete;
- Fig. 20 is a schematic view showing the state wherein
the contact portion has reached a contact boundary bl;
Fig. 21 is a .schematic view showing tﬁe state wherein

the contact portion has reached a contact boundary b2;

Fig. 22 is a schematic view showing the state wherein -

the contact portion has reached a contact boundary b3;
Fig. 23 is a schematic view showing the state wherein
the lentire surfaces of two wafers are contacted;
Figs. 24A to 24F are sectional views showing an example

of a process of fabricating a wafer having an SOI structure

or the like; and

Figs. 25A and 25B are schemai;ic views showing a part

of a process of bonding wafers.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be

described in detail below with reference to the accompanying -



10 " using a buzzer. In this wafer processing apparat

descri bed above, the peripheries of two wafers are separa e"
f or m of a ring, and substantially the center of one waf ey
When the contact portion of the two wafers takes a 15 substay

circul ar shape, the spread of the contagt portion is
Thi s absorbs the nonuniformty of “&he spread rate of A
portion. Accordingly, the gas bet ween the two wafers
efficiently and reliably - di scharged. 20 Thi s
apparatus 100 al so achi eves the :

-chucks.

10

15

[First Embodiment]

Fig. 1 is a perspective view schematically showing the
overall arrangement of a wafer processing apparatus 100
according to this embodiment. Fig. 2 is an enlarged view of .
a part of Fig. 1. Figs. 3 and 4 are sectional views showing
the arrangément of a wafer support unit of the wafer
proéessing apparat;us 100 shown in Figs. 1 and 2. Figs. 7 to
12 are sectional views talcéﬁ along a line A - A* of the wafer
processing apparatus shown in Figs. 1 and 2. Figs . 7 to 12
show operation of éontacting two'waf_ers .

This wafer processing apparatus 100 is an apparatus for
overlapping and contact;ing‘ two wafers and suited to carry
out a method of fabricating a wafer having an SOI structure
or the like by bonding two wafers.

_ The wafer processing apparatus 100 comprises a wafer

support table 3 and a wafer moving mechanis;_n 4. The wafer

- support table 3 supports the back surface of a first wafer

20

25

1 (Fig. 3). The wafer moving mechanism 4 chucks the back
surface of a second wafer 2 (Fig. 3) and opposes the second
wafer 2 substantially parallel to the first wafer 1.

The wafer support t_ab1'e 3 is preferably sé constructed
as to come in contact only with the back surface of the first
wafer 1. This prevents contamination of. the first wafer 1
by particles and break of the periphery of the first wafer:

1. This wafer support table 3 has a vacuum chuck mechanism




following effects. 1) Since the press is started at the sage #g
upper wafer 2 is rel eased, gas between the wafers
reliably discharged toward the periphery. 2) The t
can be accurately aligned because the 25 upper wafer
not sl i dewhent hewaf ers | and2 areopposed to each o
between the wafers 1 and 2 can be -14 -

-32-

for chucking the first wafer 1. Figs. 3 and 4 show aﬁﬁi;
support ‘mechanism which is pressing the central portion of
the wafef 2 with a press pin 6a (Figs. 11 and 12).
The wafer moving mechanism 4 is preferably so
5 constructed as to come in contact only with the back surf_ace
of the second wafer 2. In this embodiment, the wafer moving
mechanism 4 has a groove 4a for vacuum—chuck:-'Lng awafer. To
chuck the second wafer 2, iﬁ is only'necessary'td evacuate
the space in the groove 4a. While a wafer chuck unit 4c¢ is
10 chucking the back surface of the second wafer 2, the wafer
moving mechanism 4 rotates the second wafer 2 tinrough about
180° around a shaft 4b and opposes the second wafer 2
substantially parallel to the first wafer 1. The shaft 4b
_is positioned substantially halfway.between the wafer
15 support table 3 and the wafef chuck unit 4c.
| This wafer processing apparatus 100 also comprises
displacement detectors 12 and 15and a Z-axis stage 5 (Fig. 7)
as a mechanism for adjusting the' gap between the two opposing
" wafers 1 and 2. The displacement detector 15 measures the
20 | thickness of the first wafer 1 after the first wafer 1 is
placed on the v}afer support table 3. The displaéément
detector 12 measures the thickness of the second wafer 2 after
the second wafer 2 is éhucked.by the wafer chuck unit 4c.
On the basis of the measurement results from the two
25 displacement detectors 12 and 15, the Z-axis stage 5 (Fig. 7) |

vertically moves the wafer support table 3 to adjust the gap



adj usted to an appropriate distance. Consequently, it is possible to

give uniformquality to the fabricated wafers and
sorting the wafers 1 and 2 in advance. 4) The sur
and 2 can be prevented from 5 being contam nated wt
of the periphery of a wafer can be_prevented. 6) Byjgi
to waf ers when the wafers are pressed, any gas that

aRES_AGEMENE SH&E-—'Er
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bet ween the wafers can be further reduced. [ Secon
Thi s enbodi nent provi des anot her arrangenment of the:

. waf er suppport

o

for
1
pak
NS

vl

table 3 according to the first enbodi nment. -
between the wafers 1 and 2 to a set value.

The wafer processing apparatus 100 further comprises

a press mechanism 6 for pressing substantially the center

of the upper wafer 2 while the two wafers 1 and 2 ai:e so

S supported as to face each other. After the two wafers 1 and
2 are so supported as to face each other, the press pin 6a

of the press mechanism 6 pivots on a shaft 6b to the vicinity

of the back surface of the upper wafer. 2. When the wafer chuck

unit 4c of the wafer moving mechanism 4 releases the upper

10 wafer 2, the press mechanism 6 pushes the press pin 6a against

- the back surface of the upper wafer 2 topress the back surface.

The two wafers 1 and 2 are gradually contacted from the pressed

portion toward the periphery. Accqrdingly, the gas between

the wafers 1 and 2 is discharged toward the periphery and

15 prevented from rema:.m.ng between the wafers 1 and 2.

The wafer 2 is preferably pressed by the press pin 6a .

at substantially the same time the wafer chuck unit 4c
releases the wafer 2. If this is the case, the press
operation can be started while the gap bei;ween the two wafers

‘20 1 and 2 is kept adjusted to a seﬁ vall';e. Coﬁsequently, the
contacted wafers can be gi\(en uniform quality. It is also
possible to ,effeétively pré'irfent any gas froﬁ rémaining
between the wafers 1 apd 2 and prevent misalignment bei:ween
the wafers 1 and 2.

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

a piezoelectric element) for vibrating the press pin 6a. The



Fig. 15 is a sectional view showi ng the arrangenent of a
t.able 3' according to this enbodi nent. Note that the .
nunerals as in the first enbodi ment denote 15 essenti/al

support
nce

in the second enbodi nment . In this wafer sugpoft
central portion of the wafer chuck surface is afci
surface 3f perpendi cul ar to the axil8l* directio

Fig. 15). The peripheral portion of the wafer chuck su
annul ar peripheral surface 3e inclined to the central
A waf er processing apparatus incorporating this wafer
in place of thengdscmeshppbsm § gonceffi¢iently discharge the gas
the wafers 1 and 2 by vibrating the press pin 6a when pressing
the wafer 2.
Pressing of the wafer 2 by the press pin 6a can also
5 ©be controlled at another timing. For example, after the
wafer 2 is released, it can be pressed at a predetéfmined
timing before a predetermined amount or more of gas between
the wafers 1 and 2 is discharged, when a predetermined time
is counted, or at a predetermined timing before the distance
10 between the wafers 1 and 2 is decreasea to a predetermined
distance or less by the weight of the wafer 2 and the iik_e.
The wafer processiné apparatus 100 alsoc comprises a
wafer" transfer robot 10 and a wafer alignment unit 11. The -
wafer transfer robot 10 sets the wafers 1 and 2 on the wafer
15 support table 3 and the wafer chuck unit 4c, respectively,
and receives the contacted wafe.f's from the wafer support
table 3. "
In this wafer processing apbar‘atus 100, wafer cassettes
7 and 8 containing unprocessed wafers 1 and 2, respectively,
20 and a wafer caésette 9 for accommodating processed wafers
are arranged in each individual predetermined positions. In
~ this embodiment, the unprocessed wafers 1 and 2 are
' accomodated.in the wafer cassettes 7 and 8 with the back
sur'faces_ of these wafers turned down.
25 When che start of a process of contacting wafers is

designated by an operation switch 16b of an operation panel



achieves the sane effects as in the first enbodinent. 25 [Third

Enbodi nent | Thi s enbodi nent provides still another arrangenent

of . -33 - t-lsrrmfﬂe-r—sw ey
table 3 according to the first embodi nent. Fig. 14 BEPLAGEMENT oMHET vV ew
showi ng the arrangenent of a wafer support table 3" faccording to {his
enbodi nent. Note that the -17- 12 NOV 1998

16, the wafer transfer robot 10 chucks the back surface of
an unprocessed wafer 1 contained in the wafer cassette 7 and
transfers the wafer 1 to the wafer alignment unit 11. The
wafer alignment unit 11 detects the central position and the
5 direction (e.g., the pdsition of the orientation flat or
notch) of the transferred wafer 1 by using a sensor and adjusts
the detected central position and direction. The wafer
alignmenf unit 11 is prefefably so constructed as to come
in contact only with the back surface of the wafer 1. |
10 After that, the wafer transfer robot 10 receives the
wafer 1 thus completely aligned and loads t;.he wafer 1 in a
predetermined position on loa_.d pins 13 pro;i ecting upward from
the wafer support table 3. After the wafer 1 is loaded on
the load pins 13 in this manner, the wafer support table 3
15 moves _up and supports the wafer 1. The wafer 1 is already
aligned by the wafer alignment unit 11 and transferred.bnto
the wafér support table 3 while being lgept aligned.
Therefore, it is uhneéessary to again adjust the central
position and direction of the wafer 1 on the wafer -support
20 table 3. 'However, an Arranéémeﬁt by which the wafer 1'is
aligned on the wafer support.table 3 can als§ be used.
Next, the wafer tfansfer_robét 10 picks up an
unprocessed wafer 2 from the wafer cassette 8. Following the
same pro.cedure as above, the wafer alignment unit 11 adjusts
25 the central position and direction of the wafer 2 énd loads

the wafer 2 in a predetermined position on load pins 14



sanme reference nunerals as in the first enbodi nent denote 5 essentlally
the sane parts in the third enbodi nent. oIV OL . S T O rt=

3 is substantially the sane as the wafer support [t WSNEY (ﬁﬁﬁﬁlg to

the first enbodi ment except that the chuck-groovgs}in the centTa

portion are

10 as shown in Fig. 16, the central porHon of the wgfe

omtted. Wien this wafer support tabjel312

surface. Therefore, even if a foreign matter exists ==tReICljuck
surface of the wafer support table 3 " and the waf er ki operat i

not easily affected by this foreign matter. [Fourth Enbodlrre
.projecting upward from the wafer chuck unit 4c. After the
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wafer 2 is thus loaded on the load pins 14, the wafer chuck
unit 4c pivots on the shaft 4c¢c and comes in contact witﬁ the
back surface of the wafer 2. The wafer chuck unit 4c chucks
the wafer 2 by e\};.tcuating the space in the groove 4a. As in
the above procedure, the wafer 2 :i.é already aligned'by the
wafer alignment unit 11 and chucked by the wafer chuck unit
4c while being kept aligned. This ob\}iates the need for

readjusting the central position and direction of the.wafer

2 when the wafer 2 is chucked. When the wafer 2 is chucked,

it is also effective to retract the load piﬁs 14 downwa.rd,
inst;'_ead of pivoting the wafer chuck- unit 4c.

While the wafers 1 and 2 are supported by the wafer
support table 3 and the wafer chqck unit 4c as described above,

the displacement detectors 15 and 12 measure the thicknesses

of the wafers 1 and 2. More specifically, the displacement

detectors 15 and 12 move sensors 15a and 12a to positions
above the wafers 1 and 2, irradiate light onto the wafers

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

- on the- basis of the reflected light.

When the measurements of the thicknesses of the wafers

1 and 2 are complete, the wafer chuck unit 4c pivots throug_h

around 180° on the shaft 4b as described above and opposes

the wafer 2 substantially parallel to the wafer 1. Then, the
Z-axis stage 5 adjusts the gap between the wafers 1 and 2,

and the press pin 6a preSses the wafer 2 to complete the



15 ° Thi s enbodi nent provi des anot her exanple of the wafer
processing apparatus. In the above enbodi ments, the
shaped only once in the process of contacting two

properly contact wafers having | arger di anmet ers, is e ;
shape the contact portion twice 20 or re. This e ‘ t

waf er processing apparatus for a'dﬁistl ng the s aen?? qyl'f@@ﬁ
portion three tines. Figs. 17 and 1B are“see al__}
showi ng a part of t he waf er processing appar at

enbodi nent. 25 The sane reference nunerals as in the first empod
denot e eSoutErEiNg PHeCe®$e parts in Figs. 17 and 18. Conponents

When the contacting process is finished, the wafer
support table 3 is moved down by the Z-axis stage 5 to allow
the load pints 13 to support the processed wafer. The wafer

5 transfer robot 10 receives the processed wafers and places
the wafers into the wafer cassette 9.
By repeatedly executing the above procedures, a
plurality of wafers contained in the wafer cassettes 7 and
8 can be successiveiy proc;essed. _

10 '~ The arrangement of the wafer support table 3 will be
described below. The wafer support table 3 has a disk-like
central portion 3¢ and an annular peripheral portion 3d.
Chuck grooves 3a and 3b for 'vacuum-;chuéking the wafer 1 are
formed in the chuck surfaces (the surfaces for chucking the

- 15 wafer 1) of the central portion 3c and the peripheral portion-
3&, respectively. In the embodiment shown in Figs. 3 and 4,
the chuck grooves 3a are nine concentric annular grooves,

"and the chﬁck grobves 3b are four concentric annular grooves.

The chuck grooves 3a and 3b are connected to chuckholes

20 18a and 18b, respectively, and further connected to valves
19a and 19b, respectively. These valves 19a and 19b are
connected to a vacuum pump 20 through a pipe 18. Wafer chuck
operations by the chuck grooveé 3a and 3b canbe independentiy
controlled by the valves 19a and 19b which can be separately

25 opened and closed.

The chuck mechanism for the wafer 1 can take various



Z3 J -34 - such as chuck hol es and
val ves for vacuum chucki ng wafers are omtted fro S
Portions not shown in Figs. 17 and 18 are the sa
processi ng apparatus 100 according to the first e
5 the wafer processing apparatus according to this e
obt ai ned by replacing the structure (wWafel support ta

forms. One preferable example is a mechanism which.supports
the wafér 1bypins arranged in the form of é frog and evacuates
the space—between these pins to chuck the wafer 1 to the chuck
surf_ace of the wafer support table 3. This chuck mechanism
5 alleviates the influence (e.g., poor planarity of the wafer
1) of particles and the like between the wafer 1 and the wafer
support table 3. One example of this chuck- mechanism when
the size of awafer is '8 inches is a chuck mechanism in which
the diameter of each pin is about 0.2 mm and the distance
10 (pitch) between pins is about 2.2 mm. In this mechanism, the
contact ratio between ﬁhé wafer and the wafer sﬁpport table
is approximately 1.2%.
To press the wafer 2 by the press pin 6a, both of the -
' _.valves 19a and 19b are opeﬁed to:chuck the wafer 1 by both
15 of the chuck grooves 3a and 3b. Consequently, as shown in
Fig. 3, the beripheral portion 34 of the wafer 1 curves as
to separate from the wafer 2, i.e., the wafer 1 warps into
the shape of an umbrella. |
In this state, the central portion of the wafer 2 is
20 preséed as shown in Fig. 3. .Consequently, the central
portions of thewafers 1 and 2 éontact. and the contaét'portion
gradually spreads toward .the periphery. The spread of the
contact portioﬁ stops when it spreads substantially -
uniformly to the vicinity of the periphery of the central.
25 portion 3¢ throughout the entire circumference. This is so

because the wafer 1 is supported while being warped. into the



3) on the Z-axis stage 5 in the wafer processing appar.atus 100
according to the first enbodi nent. In this enpuTHe
support table 300 conprises 10 a first support nenb
support nenber 32, a third support nmenber 33, and
menber 34. The first support nenbea 31 has a
connected to a support table 51 by-é'connectin
support table 51 is fixed to a Z-axis stage 5.
menber 32 has an annul ar shape surroundi ng the peri
support nenber 31 and is connected to a sliding
support menber Shaps e amwpretlahape

The spread of the contact po_rtion from the center to

g

the periphery of the wafer does not always proceed at the

same ratg throughout the entire circumfgrence. This is so
5 because, e.g., the boﬁding surfaces of the wafers 1.and 2

are uneven, and the force acting in the direction in which

the wafers 1 and 2 are contacted decreases from the center

to the pefiphery, which increases the influence of the

nonuniformity of wafers in the direction from the center to
10 the periphery.

If the spread of the contact portion does not proceed
at the same rate, i.e., if the contact poftion does not
concentrically spréad, a gas (e.g., air) can remain betweén ,
the wafers. This bhenomenon is considered to-become more

15 pronounced as the diameter of wafers increases.-

When, however, the wafer 1is presséd while it is warped
into_ the shape of an umbrella as shown in Fig. 33, the spread
of the contact portion of the two wafefs 1 and 2 once stops
near the pefiphery of the central po'rtion 3c. Accordingly,

20 the nonuniformity of the sp;read rate 6f the contact portion
is absorbed near the peri_i:i‘xery of the central portion 3c.
As a coﬁsequence, the contact portion is formed into a
substantially circular shape.

After the contact portion takes a substantially

25 circuiar shape (e.g., when a predetermined time elapses after

the start of pressing), the valve 19b is closed to stop



surroundi ng the perinmeter of the second support nenber 32 and is

connected to a sliding nenber 37. The fourth support
annul ar shape surroundi ng the perineter of the t
and is connected to the first support nmenber 31 Ry

menber 35. The sliding nmenber 36 connected o'thf :part
nmenber 32 has sliding pins 36a and 36b-2Agaged with g i fle % 8a
and 39a of racks 38 and 39, respectively. The sfi &

connected to the third support nenber 33
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chucking by the chuck grooves 3b. Consequently, thé wafer
1 that had warped into the shape of an umbrella flattens as
shown in Fig. 4. Accordingly, the contact portion again
spreads from the centrai portion 3c toward the periphery.
As described above, the difference between the spread
rates of the contact portion in all directions (entire
periphery) from the center to the periphery is absorbed in
the ﬁiddle of the wafer contacting process. After thé
contact portion is formed into a substantially circular shape
in this manner, the process ié,continued. Therefore, even
large-diameter wafers can be céntacted more uniformly.
Figs. 5A to S5F are views conceptually showing the way
the contact portion spreads when the wafer processing
apparatus 100 contacts two wafers. Referring to Figs. 5A to

5F, the spread of the contact portion proceeds in the order

of 5A - 5B — 5C — 5D — 5E — 5F. In Figs. 5A to 5F, each

hatched region indicates the cbntact portion of the two
wafers.

"When the press pin 6a starts preséiﬁg the center of the
wafer 2 while the entire surface of the lower wafer (wafer
1) is chucked as shown in Fig. 3, a contact portion is first
formed in the center of the wafers as shdwn in Fig. 54 and
gradually spreads as shown in Figs. 5B and 5C. The shape of
this contact portiqn is not a perfect circle. That is, as
shown in Fig. 5C, the periphery of the contact portion is

often uneven.



35 ° has sliding pins 37a and 37b engaged with th
38a and 39a of the racks 38 and 39, respectively.

and 39 are noved in opposite directions (A and B)

notors 40 and 41, respectively. 5 Wen the racks 38fa
directions of arrows A and B, respectively, in the state s
18, the second and third support ers 32 and o

order. More specifically, the rotations of the notors 40 and

hori zontally nove the racks 38 and 39 in the directions
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15

20

25

The spread of the contact portion stops in the state
shown in Fig. 5D, i.e., when the | spread proceeds to the
vicinity of the periphery of the .centfal portion 3c of the
wafer support table 3 (a position where the spread of the
contact portion stops will be referred to as a contact
boundary hereinafter) . ' Hence, the contact portion can be
formed into a substantially circular shape by continuously

chucking the wafer by the chuck grooves 3b in the peripheral

portion 3c until the contact portion reaches the contact

boundary throughout the entire circumference.

Next, as shown in Fig. 4, the valve 19b connected to .
the éhuck grooves 3b in the peripheral portion is closed to
release the periphery of the wafer. Consequently, the lower
wafer (wafer 1) flattens. Accordingly, as shown in Fig. 5E,
the sp;read of the contact portion again proceeds. Finalljr,
as shown in Fig. SF, the entire surfaces of the two wafers
are contécted.

Figs. 6A to 6F are views conceptually showing the way
tﬁe contact portion spreads_When awafer support jig 201 shown
in Figs. 25A and 25B contacts two wafers. Referring to
Figs. 6A to -GF, ‘the spread of the contact pértion_ proceeds
in the order of 6A —> 6B - 6C — 6D — 6E — 6F.

In this process, the difference between the spread rates
in all directions when the contact portion radially spreads

is.not absorbed in the middle of the process. The influence

of the rate difference becomes conspicuous particularly near



10 'A and B, respectively. Accordingly, the sliding pins 3 6a and .36b
engaged vmth the gui de grooves 38a and 39a nove up tQ aush the second

support nenber 32 upward. Subsequently, the slidqi PMGEME? T 7b
engaged with the guide grooves 38a and 39a novejup t O PuShu ElTh rd,
support nenber 33 upward. 15 When t he second

menbers 32 and 33 are pushed upvvaraf‘as describ

surfaces of the first to third support nenbersj3

substantially flat surface. On the & . h
hori zontally noving the racks 38 20 and 39 in opp05|te
and B, respectithe periipheries of the wafers. Consequently, as shown

Fig. 6F, any gas Between the wafers may remain without being
discharged to form non-contact portions 601. However;-the
example shown in Figs. 6A to 6F shows the result when wafers
5 are contacted under ‘the same conditions as the wafer
processing apparatus 100 except for the method of supporting
the wafer 1. Therefore, the formation of the non-contact
pertions 601 may be suppressea by changing the conditions
of the contacting process.

10 This non-contact portion 601 naturally has an adverse
effect on subsequent stebs. For example, when the wafer
processing apparatus 100 is applied to SOI wafer fabrication
steps (to be described later), defects occur in the non-
contact portions 601, so these reéions cannot be used. This

15 unavoidably lowers the yield. "

The operation of the wafer processing apparatus 100 when
two wafers are contacted will be described below wit.:h
reference to Figs. 7 to 12. _ _ _

when the wafer transfer robot 10 loads wafers 1 and 2

20 on the ioad pints 13 and 14, respectively, as shown inFig. 7,
the Z-axis stage 5 moves the wafer support table 3 up to a
predetermined position where thewafer 1 is supported. Also,
the wafe;: moving mechanism 4 pivots the wafer chuck unit 4c
on the shaft 4b to a predetermined position where the wafer

25 2 can be chucked.

Next, as shown in Fig. 8, the sensors 15a and 12a of



I's possible to nove the second and third support nenbevst
down to the state shown in.Figs. 17 and 18. A
contacting twowafers by using this wafer

~described below. First, a wafer 25 transfer

wafer 1 on |oad pins 13. Next, the .?-axis stage b

t he chuck surface
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the displacemenﬁ detectors 15 and 12 move to ﬁositions above
the wafers 1 and 2 and measure the thicknesses of the wafers
1 and 2, respectively. After the thicknesses of the waferé
1 and 2 are measured, the sensors 15a and 12a return to the
initial positions shown in Fig. 7. |

As shown in Fig. 9, the wafer moving mechanism 4 pivots
the wafer chuck unit 4c through about 180° on the shaft 4b
to oppose the wafers 1 and 2 to each other substantially
horizontally. On the basié of the previously measured
thicknesses of the wafers 1 and 2, the Z-axis stage 5 adjusts
the height of the wafer support table 3 to adjust the gap

between the wafers 1 and 2 to a set value. This gap is

preferably about 20 to 100 um, and more preferably, about -

30 to 60 pum i1_'1 the center of a wafer. Also, the valves 19%a
and 19b are opened to chuck the entire surface of the wafer
1 to the chuck surface of the wafer supporﬁ table 3.

Consequently, the wafer 1 warps into the shape of an umbrella

as mentioned earlier.

As shown in Fig. 10, the press pin 6a is pivoted on the .

shaft 6b to the vicinity of the back surface of the wafer
2 (e.g., a position where the press pin 6a essentially éomés
in contact with the back surface of_ the wafer 2).

Next, as shown in Fig. 11, the press pin 6a presses the
back surface of the wafer 2 at the same time the wafer chuck
unit 4c releases the wafer 2. Consequently, the wafer;s land

2 are gradually contacted from the center to the contact




of the first support member 31 into contact with the bagek surface of
t.he wafer 1. In this step, the positions of the g

support nenbers 32 and 33 are so controlled t hat
the second to fourth support 5 nenbers 32 to 34 for
pl ane surf ace. In this state, 8. displacenent d
t he t hi ckness of the wafer 1. Als'2

Next, a wafer noving nechanism 41 is pivoted through “18
a shaft 4b to oppose the wafers 1 and 2 to each ot her substantl 2
horizontal | y. bounfaryate Fesulthén the state shown in Fig. 5D, i.e., the

state wherein the contact portion is formed into - a

substantislly circular shape. During pnessing, the gas

between the wafers 1 and 2 can be efficiently discharged by
5 vibrating the press pin 6a. -

As shown in Fig. 12, the periphery of the wafer 1 is
released. Consequently, the contact portion.of the'wafers
land 2 spreads beyond the contact boundary to the périphery. .
Note that the periphery of the wafer 1 can be released by

10 setting the atmospheric pressure in the chuck grooves 3b by
after the contact portlon'spreads.to the contact boundary
and takes a substantially ci'r.cular shape after the press pin
6a'starts the pressing operation. More specifically, the

15 chuck is stoppéd:when a pre&etermined time (long enough to.
allow the contact portion to spread to the contact boundary
throughout the entire circumference) slapses after the
pressing operation is _started. Alternatively, the chuck is
'stopped after the‘contéct portion is found to have spread

20 to the contact boundary'by'measurlng the warp of the wafer
2 by the sensor iSa.

After the press mechanlsm 6 is returned to the original
state (shown in Fig. 2), the wafer chuck unit 4c is returned-
to the original state (shown in Fig. 2). The valve 19a is

25 closed to set the pressure in the chuck grooves 3a at the

atmospheric pressure (release the wafer 1). The wafer



previ ously measured thicknesses of the wafers 1 and 2;—the Lz AXI S
stage 5 adjusts the height of a wafer support table | REPLACHMENGdSHEET {he
gap between the wafers 1 and 2 to a set value. 15 | SupsettErty y| t he
spaces in chuck grooves forned in the chuck suff Cefﬂﬂi i st to
fourth support nenbers 31 to 34 areg_evacuated §ojchucC Q*B%t rg
surface of the wafer 1. A presspi R8al's t henpi vt cofeirass D

thevicinity =~ of the back surface of the wafer 2ffe. g ., a position] where
20 the press pin 6a essentially comes in contact with (he Dotk

surface of .the wafer 2). _In this nmanpner prepargtiops for € rocess
3;] contacting suppewb bable S e OVRY) &‘P‘@E "'fﬁfjtﬁfy Ce fgﬁ%&u%sh&%?:gt e
eretn prepar ghbgggtfgﬁetggngafcoge%s %«raq.‘fers. In this state the wafer

transfer robot 10 chucks the lower portion of the contacted
wafers, transfers the wé.fers to the wafer cassette 9, and
5 places the wafers in the wafer cassette 9.
Fig. 13 is a block diagram showing the configuration
of a cox;ltrolisystem of the wafer processing apparatus 100.
A CPU 1l7a ‘operating on_the basis of a program 17b of a
controller 17 controls the wafer transfer robot 10, the wafer
10 alignment unit 11, the displé.qemént detectors 12 and 15, the
Z-axis stage 5, the wafer moving mechanism 4, the press
" mechanism 6, the operation panel 16, and a valve controller
19.
Fig. 14 is .a f]_.ow chart showing a cbnf.rol procedure
15 performed on the basis of the program 17b. The operation -of
the control systemof the wafer_ processiﬁg apparatus 100 will
be described below with reference to this flow chart.
When the start of a contacting pi'ocess is designated
by operating the operation panel 16, the CPU 17a} initializes
20 the individual components conhected to the controller 17 in
step S101. In this initialization step, tﬁe' CPU 17a also
checks the presence and positions of the wafer cassettes 7,
8, and 9. If preparations are not complete, the CPU i7a
displays information indicating this on a display panel l6a
25 to inform the operator of ﬁhe information.

In step S102, the CPU 17a controls the wéfer transfer



contacting the two wafers-are conplete. 25 | RERUNBEMENE $9¥EEs|pin 6a
starts pressing, the central portions of §h el 2] first
contact. The contact

portion gradually spreads toward the periphery
reaching a first contact boundary bl’-izf" t he

st ops when

A1
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robot 10 to chuck the wafer 1 in the wafer cassette 7. 1In
step S103, the CPU 17a transfers the chucked wafer 1 to the
wafer alignment unit 11 and aligns (adjusts the central
position and direction of) the wafer 1.  In step S104, the
5 CPU 17a controls the wafer transfer robot 10 to load the wafer
1 in a predetermined position on the load pins 13 projecting
upward frém the wafer support table 3. The CPU 1l7a also
controls-the Z-éxis stage 5 to move the wafer support téble
3 up to apredetermined position. The CPU 17a opens the valve
10 19a to chuck the central portion of the wafer 1.
- In step S105, the CPU 17a controls the wafer transfer
" robot 10 to chuck the wafer 2.in the wafer cassette 8. In
step S106, the CPU 17a transfers the wafer 2 to the wafer
alignment unit 11 and aligns (adjusts the central position
15 . and direction of) the wafer 2. In stép.5107, the CPU 17a
controls the wafer transfer robot 10 to load the wafer 2 in
a predetermined position on the load pins 14 projecting”
upward from the wafer chuck unit 4c. - The CPU 1l7a also |
controls a pivoting motor 44 of the wafer moving mechanism
20 4 to pivot the waféf chuck unit 4c through a predetermined
angle on the shaft 4b and allow the wafer chuck qnit 4c to
chuck the wafer 2. _
In step S108, the CPU 17a.controls.a.driver 15b of the
displacement detéctor 15 to move the sensor 15a to a
25 predetermined position above the wafer 1 and measﬁre the

thickness of the wafer 1 by the sensor 15a.



vicinity of the periphery of the first support nenber 31. The first

contact boundary bl absorbs any nonuniformty of po=x Late of the
contact portion. As a consequence, t he cont CBERMCEMWYSWEEF h
substantially circul ar shape. Fig. 20 is a vje show ng
the state wherein the contact portjion has repche ccnt act
boundary bl. 10 Next, the éégbnd supppr mwwgl g roved up
to further spreads the cont act portion towar The
spread stops when reaching a second contact fboundary b2 i.e., the
vicinity of the outer periphery of the second supp et 2.

Thesecondcont act bourgasyep shed) kheaQpu TaiRoherolsya driver 12b of the

10

displacement detector 12 to move the sensor 12a to a
predetermined position above the wafer 2 and measure the
thickness of the wafer 2 by the sensor l2a.

In step S110, the CPU 175. controls the pivoting motor
44 of the wafer mov_ing mechanism 4 to pivot the wafer chuck
unit 4c¢ through approximately 180° on the shaft 4b to oppose
the wafers 1 and 2 to each other substantially horizontally. B

In step S111, on the basis of the measured thicknesses
of the wafers 1 and 2 the CPU.'17a forms data} for adjusting
the gap between the wafers 1 and 2 to a set value. On the

basis of this data, the CPU 17a controls the Z-axis stage

5 to adjusi: the gap between the wafers 1 and 2.

15

In step S112, the CPU 17a controls a pivoting motor 6d
of the press mechanism 6 to pivot the press pin-6a on the

shaft 6b to, e.g., bring the tip of the press pin 6a

. essentially into contact with the back surface of the wafer

20

25

2. : .

In stép S113, the CPU 17a opens the valve 19b to chuck
the ent-ire surface of the wafer 1 to the chuck surface of
the wafer sup;port table 3. Consequently, the wafer 1 warps
into the shape of an umbrella.

' In step S114, the CPU 17a releases the wafer 2 by the
wafer chuck unit 4c. In step S115, the CPU 17a controls the
pivoting motor 64 and a vibrator 6c of the press mechanism -~

6 to press the back surface of the wafer 2 by the press pin



15 ‘of the spread rate of the contact portion. Ap—a—-eeﬂsequence,,_, .the
contact portion takes a substantially circul ar sHaf¥PLAGEMERR i1 i s a

vi ew schematically showi ng the state wherein the contact=pont ifon has
reached the second contact boundary b2. 20| _ @@ﬁ _&5& upport
menber 33 is then noved up to further - Spres t‘%g t oftion
toward the periphery. The spread '§90ps whe : k Ly df cont act
-boundary b3, i.e., the vicinity of the outfer periphery of the third

support nenber
nonuni formty
consequence,

10

15

) 33. The third contact boundary ;
25 of the spread rate of the contact portion. As a
6a and vibrate the press pin 6a. By executing step S115

immediately aftef the execution of step S114, the wafer 2
can be released and pressed at substantially the same time.
However, the press can also be staréed when a predetermined
time is counted ;fter the execution of step S114.

When a predetermined time elaéses after the execution
of step S115 is started, the flow advances to step S116. In
step S116, the CPU 17a closes the valve 19b to return the

pressure in the chuck grooves 3b to the atmospheric pressure

and release the periphery of the wafer 1. Consequently, the .

wafer 1 flattens, and the contact portioﬁ spreads toward the
periphery.

When the wafers 1 and 2 are completely contacted, the
flow advances to step S117, and the CPU 17a controls the

pivoting motor 6d of the press mechanlsm 6 toreturn the press

pin 6a to the initial position. In step S118, the CPU 17a

20

25

controls the pivot_ing motor 44 of the wafer moving mechanism
4 to return the wafer chuck unJ.t 4c to the initial position.

In step S119, the CPU 17a closes the valve 19a to
completely release the wafer 1. In step S120, the CPU 17a
controls _tﬁe Z-axis stage 5 Eo move the wafer support table
3 down to the ipitial position. Consequently, the contacted
wafers are supported by the load pins 13.

In step' S121, the CPU 17a cohtrols the wafer transfer
robot 10 to transfer the contacted wafers to the wafer

cassette 9 and places the wafers in the wafer cassette 9.



the contact portion takes a substantially circul ar ¢

-. 38 - Fig. 22 is a view schenmatically show nﬁﬁwfmté*mr al n
3

the contact portion has reached the third contact .
Subsequently, the wafer 1 is released by the chuck
the chuck surface of the fourth support31

In step S122, the CPU 17a checks whether the contacting
process is completely performed for all wafers contained in
the wafer cassettes 7 and 8. If unprocessed wafers remain,

the flow returns to step S102 to repeat the process. If the

5 CPU 17a determines in step S122 that the contacting process- -

is completely performed for all wafers, the CPU 17a completes
the whole process procedure. The CPU 17a preferably informs
. thé operator of the completion by, e.g., displaying
information to this effect on the display panel 16a or by
10 using a buzzer.
| In this wafer processing apparatus as describ_ed above,
.the peripheries of two wafers are _separated in. the form of
aring, and subétantially the center of one wafer is pressed.
When the contact portion of the two wafers takes a |
15 substantially circular shape, the spread of the contact
| portion is once stopéed. This absorbs the nonuniformity of
the spread rate of the contécﬁ portion. Accordingly, the gas
‘between the two wafers can be efficiently and reliably
discharged.
20 This wafer processing apparatus 100 also achie\'res the
| following effects. 1) Since t;hé press is started at the léar;te
time the upper wafer 2 is released, gas between the wafers
1 and 2 can be reliably discharged toward the periphery. 2)
The two wafers 1 and 2 can be accurately aligned because the
25 upper wafer 2 does not slide when the wafers 1 and 2 are 6pposed

to each other. 3) The gap between the wafers 1 and 2 can be



menber 34. Consequently, the contact portion further ¢ Db
t.he periphery. Finally, the entire surface of tHe Malgf-+ks
the wafer 2. Fig. 23 is a view schematically shewifng the s
the entire surfaces 10 of the wafers 1 and 2 cont agt eahhhm“hgaq:,
After a press nmechanism6 is returned to the origina st at €,
chuck unit 4c is --returned to the origrgar st atje. e heldyid
chuck grooves formed in the first to third suppersarppers 31 tof33 is
stopped. After that, 15 the wafer support table 30 is noved = al | ow
t he | oad pins 13 to support the contacted wafers. The wafer transfer

robot 10 chucksadjistedaio R apphoprisbe aDstaided Goheeguently, it is

possiblé to give uniform quality to the fabricated wafers
and obviate the need for sorting the wafers 1 and 2 in advance.
. 4) The surfaces q'f the wafers 1 and 2 can be preventéd fi‘om
5 Dbeingcontaminatedwithparticles. 5) Breakof the periphery |
of a wafer can be prevented. é) By.giving vibrations to
wafers when the wafers are pressed, any gas that remains
between.the'wafers can be further reduced. |
[Second Embodiment] | |
10 This embodiment provides another arrangement of the
wafer support table 3 according to éhe first embodiment .
Fig. 15 is a sectional view showing the arrangement o.f awafer
support table 3' according to this embodiment. Note that the
‘same reference numerals as in the first embodiment denote
15 essentially the same parts in the second embodiment.

In this wafer support table 3', a central portion of
the wafer chuck surface is a circular cent;_ral surface 3f
perpendicular to the axial direction (in a direction z in

- Fig. 15). The peripheral portion of thé wafer chuck surface
20 is an.annular'peripheral-surface 3e inclined to the central
surféce 3f. "

A wafer processing apparatus incorporating this wafe:
support table 3' in place of the wafer support table 3 also
achieves the same effects as in the first embodiment.

25 [Third Embodiment]

This embodiment provides still another arrangement of



transfers the wafers to a wafer cassette 9, . and |

t.he wafer cassette 9. 20 As descri bed abo

waf ers can be contacted with high quality b

portion a plurality of nunber of tines.

Each of the above enbodi nents relates tgQ_ an appaf

contacting two wafers step by step fro he ' ooy =ger{i phery.
However, the present invention is

the wafer support table 3 according to the first embodiment.
Fig. 16 is a sectional view showing. the arrangement of a wafer
'support table 3" according to this embodiment. Note that the
same reference numeif.jals as in the first embodiment denote
5 essentially the same barts in the third embodiment.

This wafer support table 3" is substantially the same

as the wafer support table 3 according to fhe first embodiment
..except tﬂat the chuck-grooves in the central portion are

omitted. When this wafer support table 3" chucks a-wafer,

10 as shown in Fig. 16, the cenﬁral portion of the wafer floats

' surfacé. 'I‘herefore,' even if a foreign matter exists between
the chuck surface of the wafer support table 3" and the wafer,
the operation is not easily affected by this foreign matter.
[Fourth Embodiment] _

15 This embodiment provides another example of the wafer
processing appératus . In ti;e above embodiments, the contact
portion is shaped only once in the process of contacting two
wafers. However, to proper;l._y contact wafers 'havin_g larger
diameters, it is effective to shape Ehe contact portion twice

20 or more. This embodiment relates to:a wafer procéssing
apparatus for adjusting the shape of the cohtéct portion
three times..

Figs. 17 and 18 are sectional views showing a part of
the wgfer processing apparatus according to this embodiment.

25 The same reference numerals as inthe first embodiment denote

essentially the same parts in Figs. 17 and 18. Components



-39- al so applicabl-e to an apparatus and a nmet hod by V\:hl ch

arbitrary portions (e.g., portions of the periphe {9*;:% e o WALENS are
first contacted, and the area of the contact pBELH ﬁ"’ff'g'lnéreased step
by step to finaIIy contact the 5 entire surface-s; pf the two wafers.

[ Application of Wafer Processing Appar & tion of
each of the above wafer processing Dpar at us esL‘__II be descrj bed
bel ow. Figs. 24A to 24F are

| TR — J

such as chuck holes and valves for vacuum-chucking wafers
are omitted from Figs. 17 .and 18. Portions not shown in
Figs. 17 and 18 are the same as in the wafer processing
apparatus 100 according to the first embod:.ment That is,
5 the wafer processing apparatus according to this embodiment
is obtained by replacing the structure (wafer support table
3) on the Z-axis stage 5.in the wafer processing apparatus
100 acco.rdingﬂ to the first embodiment. |
In this embodiment, a wafer support table 300 comprises
10 é. first support member 31, a second support member 32, a third
support member 33, and a fourth support member 34. The first
support member 31 has a disk-like shape and is connected to
a support table 51 by a connecting member 35. This support
table 51 is fixed to a Z-axis stage 5. The second support
15 member 32 has an annular shape surrounding the perimeter of
the first support member 31 and is connected to a sliding
membef 36. The third support member 33 has an annular shape
surréundiné' the perimeter of .the second support member 32
and is connected to a sliding member 37. The fourth support
20 member 34 has an annular shape sui:rounding the perimeter of
the third support member 33 and is connected to the first
suppprt member 31 by the connecting member 35.
| The sliding menber 36 connected to the secondl support
member 32 has sliding pins 36a and 36b engaged with guide.
25 grooves 38a and 39a of racks 38 and 39, respectiveiy. The

sliding member 37 connected to the third support member 33



vi ews showi ng an exanple of a process of fabr]
SO structure.
first wafer 1 is prepared, and a porous Fpi
the maj or surfaceofthewafer501 (Fig. 24A). Ne
non- porous | ayer-503 is fornmed on the porous PBi
Pref erabl e exanpl es of the non-porous r§§/

Si |layer, a porous Si |ayer, an am)rphou e
| ayer, a conpound ‘'sem conductor |ayer, and a superconuc or | ayer.
such as a MOSFET can al so be forned in the non-porous | ayer

devi ce
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First, a single-crys

fiIm

has sliding pins 37a-and 37b engaged with the guide grooves
38a and 39;. of the racks 38 and 39, respectively.

The racks 38 and 39 are moved in opposite directions
(A and.B) by rotations of motors 40 and 41, respectively.
When the racks 38 and 39 move in the directions of arrows
A and B, respectively, in the state shown in Fig. 18, the

second and third support members 32 and 33 move up in this

order. More specifically, the rotations of themotors 40 and -

41 horizontally move the racks 38 and 39 in the di.fections
A and B, respectively. Accordingly, the sliding pins 36aand
36b engaged with the guide grooves 38a and 39a move up to
push the second suppbrt member 32 upward. Subsequently; the
sliding pins 37a and 37b engaged with the guide grooves 38a
and 39a move up to push the third support member 33 upward.

When the second and third support members 32 and 33 aJ;'e
pushed upward as described above, the chuck surfaces of the
first to .third support members 31 to 33 form a substantially
flat sﬁrface. | '

On the other hand, by horizbntally moving the racks 38
and 39 in opposite directions. of A and B, respectively, it
is possible fp move the second and third support members 32
and 33 down to the state shown in f‘:_i.gs. 17 and 18.

A procedure of contacting two wafers byﬁsing this wafer
processing apparatus will be described below. First, awafer.
transfer robot 10 (Fig. 1) loads a wafer 1 on load pins 13.

Next, the Z-axis stage 5 is driven to bring the chuck surface

A



20 '503. An Si 2 tayer 504 is formed on_the non-porous |ayer. 503

to obtain a first wafer 1 (Fig. 24C). The first _,igﬁp,\r]ﬁv‘;@u o ;Prjaced in
the wafer cassette 7 such that the SiQ2 |ayer 50 }ur ed up. 25
A second wafer 2 is separately prepared and pl aced] i vpafer
cassette 8 such that the front surface 52 turne L12NOV1993 ;
-40 - _ =30~ |

s

of the first support member 31 into contact with the back
surface of the wafer 1. In this step, the positions of the
second and third support members 32 and 33 are so cont:roiled
that the chuck surfaces of the second to fourth support
5 members 32 to 34“ form a subst;antially plane surface.
In this state, a displacement aetect_:or 15 measures the
thickness of the wafer 1. Also, a displacement detector 12
measures the thickness of a wafer 2 chucked by a wafer chuck
unit 4c. Next, awafer moving mechanism 4l is pivoted through
10 about 180°0n a shaft 4b to oppose.the wafers 1 and 2 to each
other substantially horizontally. On the basis of the
previously measured thicknesses of the wafers 1 and 2, the
Z-axis stage 5 adjusts the he_ight of a wafer support table
3 to adjust the gap between the wafers 1 and 2 to a set value.
15 Subsequently, the spaces in chu-ck grooves formed in the
chuck surfaces of the first to fourth support members 31 to
34 are evacuated to chuck the entire surface of the wafer
1. Apresspin6ais then pivqtéd on a shaft 6b to the vi_cinity
of the back surface of the wafer 2 (e.g., a positioﬁ where
20 the press pin 6a essentialljr comes in contact with thé back
surface of the wafer 2). In this manner preparations for the
process of contacting the two wafers are complete. Eig. 19
shows tﬁe state wherein preparations for the process of .
contacting the two wafers are complete. |
25 When the press pin 6a starts pressing, the central

portions of the wafers 1 and 2 first contact. The contact



state, the first and second wafers 1 and 2 are as to
sandwi ch the SiQ2 | ayer 504 between themon th vafﬁ@ pp tabl e
(Fig. 24D). The contacted wafers are pl aced er cassette 9.
After this process, anodi zation, pre55| ;; i & Jlecessalr heat
treatnent, or a conbination of these proc=sses can al so be perforrred

for the contacted wafers 10 (Fig. 24D) t 0 st reftrenr—tke—beadiin

up. When the wafer processing appar a*uggmﬁﬂéﬁiatﬂrrn[fhi S
s@~tomaet

A1%4

portion gradually spreads toward the periphery. This spread
stops when reaching a first contact boundary bl, i.e., the
vicinity of the periphery of the first 'supp_ort member 31.
The first contact boundary bl absorbs any nonuniformity of
5 the spread rate of the contact portion. As a consequence,
the contact portion takes a substantially circular shapé.
Fig. 20 is a view schematically showing the state wherein
the contact portién has reached the first.contagt:boundary
bl. |
10 Next, the second support member 32 is moved up to further
spreads the contact portion toward the periphery. The spread
stops when reé.ching a second contact boundary b2, i.e., the
vicinity pf t';he outer peripliery of the second support member
32. The second contact boundary b2 absorbs any nonuniformity
15 of the spread rate of the c_:on_tact pori:ion. As a consequence,
the contact portion takes a substantially circular shape.
Fig. 21 is a view schematicé.lly showing the state wherein
. the contact portion has reaéhed the second contact boundary
b2. |
20 The third support member 33 is then moved up to furth_er
spreads the conté.ét portion towa?rd the periphery. The spread
stops when reaching a third contact -boundary b3, i.e., the
vicinity of the outer periphery of the third support member
33. The third contact boundary b3 absorbs any nonuniformity
25 of the spread rate of the éontact portion. As aconsequence,

the contact portion takes a substantially circular shape.



Preferabl e exanpl es of the second wafer 2 are an ST wafer | a wafer
abtained by formng an SiQ2 |ayer on an Si waf er, refrsiamda) '

waf er such as a quartz wafer, and a sapphlre

second wafer 2 can also be still 15 another kin

the surface to be bonded is sufficiently flat .

Subsequently, the first wafer 1 is remo3®d from thh

502 of the second wafer 2 (Fig. 24E), and t He :

selectively etched away. Fig. 24F 20 schematigally shows the

obt ai ned by the above fabrication nmethod. ' ¥bri cation

met hod can f abrgigat @2hiighagvakivt §chematically showing the state wherein
. the contact portion has reached the third contact boundary
b3. | | | |

Subseéuently, the wafer 1 is released by the chuck

5 grooves formed. in the chuck surface of the fourth support
member 34. Consequently, the contact portion further
spreads toward the periphery. Finally, the entire sufface
of the Qafer 1 contacts to the wafer 2. Fig. 23.is a view
.schematicallyl showing the si;:ate wherein the entire surfaces

10 of the wafers 1 and 2 contact each other. “

After a press mechanism 6 is. returned to the original
state, the wafer chuck unit 4c is -returr;ed to the original
state. The chuck by the chuck grooves formed in the first
to third support members 31 to 33 is stopped._ After-that,

15 the wafer support table 30 is moved down to allow the load
pins 13 to support the contacted wafers. The wafer transfer
robot 10 chucks the lower portien of the contacted wafers,
transfers the wafers to a wafer cassette 9, and places the

‘wafers in the wafer cassette 9.

20 As described above, even large-diameter wafers can be
contacted with high quality. by shaping the contact port:l.on
a plurality of number of times.

[Another Embodiment]

Each of the above embodiments relates to an apparatus

25 and a method of contacting two wafers step by step from the

center to the periphery. However, the present invention is



waf ers because two wafers are contacted while any

petveen t he

wafers is appropriately discharged. 25 I n hﬁm [
| ar ge- di anet er substrates can be easily cont agt gehe HEsT M
-41- The present invention is not limted ]

10

15

20

25

oft t)‘e above
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also applicable to an apparatus and a method by which
arbitrary portions (e.g., portions of the peripheries) of
wafers are first contacted, and the area of the contact
portion is increased step by step to finally contact the
entire surfaces of the two wafers.

[Application of Wafer Processing ‘Apparatus]

An application of each of the above wafer processing

.apparatu-ses will be described below. Figs. 24A to 24F are

views showing an example of a process of fabricating a wafer
having an SOI structure.

First, a single—crystal Si wafer 501 for forming a first
wafer 1 is prepared, and a porous Si layer 502 is_: formed on
the major surface of the wafer 501 (F_ig.' 24A) . Next, at least .
one non-pbrous layer 503 is formed on the porous Si layer
502 (Fig. 24B). . Pi:eferab_]_.e_ examples of the non-porous layer
503 are a single-‘-crystal. 8i layer, a porous Si layer, an
amorphous Si layer, a metal film layer, a compound
semiconductor layer, and a éupercondﬁctdr layer. A dévide

such as a MOSFET can also be formed in the non-porous layer

. 503.

An SiO, layer 504 is formed on the non-porous layer 503

to obtain a first wafer 1 (Fig. 24C). The first wafer 1 is

placed in the wafer cassette 7 such that the SiO, layer 504

is turned up.

A second wafer 2 is separately prepared and placed in

. the wafer cassette 8 such that the front surface is turned



enbodi nents and various changes and nodifications c .
spirit and scope of the present invention.. Theref e?EPmC'
public of the scope of the present invention the fjol '
made. VWHAT IS CLAIMED I S: 1.
processing nethod of 40

de within the

up.

when the wafer processing apparatus is operated in this
state, the first and second wafers 1 and 2 are so contacted
as to sandwich the SiO, layer 504 between them on the wafer

5 support table (Fig. 24D). The contacted wafers are placed
in the wafer cassette 9. |

After this procéss, anodization, pressing, or, if
ne_cessaiy, heét treatment‘:,. or a combination of these.
processes can aiso be performed for thé contacted wafers

10 (Fig. 24D) to strengthen the bonding.

Preferable examples of ;he secondwafer 2 are an Si wafer,
a wafer obtained by forming an 'SiO,"layer on an Si wafer, a
light-transmitting wafer such'as a quartz wafer, and a‘
sapphire wafér. However, the secondwafer 2 can alsé be still

15 another kind' of wafer provided that the surface to be bonded
is sufficiently flat.

Subsequently,' the first wafer 1 is removed from the
porous Si layer 502 of the sécond wafer 2 (Fig. 24E), and
the porous Si layer 502 is selectively etched away. Fig. 24F

20 schematically sho&é the wafer obtaihedmby the above
fabrication method. ‘ _

This fabrication method can fabricate high-quality
wafers because two wafers are contacted while any gas between
thé wafers is apprqpriately discharged.

25 Ddthepresentinvention,large—diametersubstrgtescan

be easily contacted.



over |l apping and contacting two substrates, conprising the steps of:
opposing first and second substrates to each other; pressing the
second substrate while a peripheral portion of the first substrate is so
curved as to separate the peripheral portion froma periphery of the

second substrate; and - = selectively setting the peripheral portion of
the first substrate in an uncurved stat#l after a predeterm ned tine
el apses. wherein the pressing step conprises pressing a central

portion of the second substrate with a pin while a central portion of the
first substrate is kept flat.
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 scbpe of the present

5 invention the following claims are made.




2. ° A substrate processi ng nethod of overl appi ng and
contacting two substrates, conprising the steps of: opposing first
and second substrates to each ot her ; pressing the second substrate

while a peripheral portion of the first substrate i's—se—curved—as—to—

separate the peripheral portion froma periphery of th rate;
and sel ectively setting the peri pdRral portion oilmiﬁm ii“ H i“ ﬁ
substrate in an uncurved state after a contact porti onZOre d

second substrates spreads to a

WHAT IS CLAIMED IS:

1. A substrate processing apparatus for overlapping'and
contacting two substrates, comprising:
5 a support unit for supporting a first substrate; and
a press unit for pressing a second substrate opposed
to the first substrate supported by said support unit,
wherein said suppoft'unit can support the first
substrate while a predetermined portion of the first
10 substrate is so curved as to separate from the second

substrate and is not curved.

2. The apparatus according_ to claim 1, wherein said press
unit presses a back surface of the second substrate opposed

15 to the first substrate supported by said support unit.

3. The apparatus acébrding to claim 1 or 2, wherein said
support unit can support the 'fifstﬁ_ substrate while -a
peripheral portion of the first- substrate is so cuﬁed as
20 to sepérate from the second éubstrate and is not curved, and
said press unit presses a substantially central portion of
the second substrate opposed to the first substraté supported

by said support unit.

25 4. The apparatus accordi_ng to any one of claims 1 to 3,

wherein said support unit supports the first substrate in
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predet erm ned region.

/I
wherein the pressing step conprises pressing a central portion of the
second substrate with a pin while a central portion-o ﬁ ul rate
is kept flat. 3. A substrate processing nethod o w'ﬂm
contacting two substrates, conprising the steps of: op 05| ng first
and second substrates to each other; -43-

a curved state until a predetermined time elapses after said
press unit starts pressing a back surface of the second
substrate, and supports the first substrate in an uncurved

state thereafter.

5. The apparatus according to any one of claims 1 to 3,

wherein said support unit supports the f_irst substrate in

~ acurved state until a contact portion of the first and second

substrates spreads toa predétermined region after said press

10 unit starts pressing a back surface of the second substrate,
and supports the first substrate in an uncurved state

thereafter.

6. The apparatus according to claim 3, wherein said support

15 unit comprises an adjtst-ing unit for adjusting the curve of )
the first substrate to spre.ad. a contact portion of the first
and second substrates step by step from a center to aperiphery -

thereof.

20 7. The apparatus according to claim 6, wherein said
adjusting unit adjusts the curve of the first substrate ﬁo
spread the contact portion of the first and second substrates

concentrically step by step.

25 8. The apparatus according to any one of claims 1 to 3,

wherein said support unit comprises a chuck unit for curving

I e
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pressing the second substrate while a periphery of the first substrate is
so curved as to separate froma periphery of the second substrate; and
adjusting the curve of the first substrate to sp contact portion of

the first and second substrates step by step fro ri phery
t her eof . 4. A substrate processing rret hod of Ogﬂ“ﬁ ﬂ“\ m“\“Ent acting
two substrates, conprising the steps of44 U ret and* second

substrates to each ot her ; pressi ng the second substrate while a

peri phery of the first substrate is so curved as to separate froma

periphery ' |
the first substrate by chucking a back surface of the first

substrate.

9. The apﬁ)aratus according to claim 3, wherein said suppdrt_
5 unit comprises a support table having a peripheral portion
lower than a central portion, and said support table chucks

the first substrate.

10. The apparatus according to claim9, wherein said support
10 table comprises a disk-like central portion and one or a

plurality of annular peripheral portions.

S 11. 'I‘he apparatus according: toclaim 9 , wherein said support

table comprises a disk-like .centra'.l portion and an annular

15 _ peripheral portion, and a chucic surface of said peripheral
- portion is inclined to a chuck surface of said central

portion.

'12. The apparatus according to claim 10 or 11, wherein a
20 chuck surface of said central portion and a chuck surface
of said peripheral portion have chuck mechanisms for chucking

the first substrate.

.13. The apparatus according to claim 12, wherein frog-like
25 pins for supporting the first substrate are formed on the

chuck surfaces of said central portion and/or said peripheral

\ This Sheet Has Been’ Reﬁaced
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of the second substrate; and adjusting the curve of the first
substrate to spread a contact portion of the fi rst and second substrat es
concentrically step by step froma center to a per

5. A substrate processing nmethod of ' I\d
contacting two substrates, conprising t_h4es_ ‘\“‘mﬁ“im“ﬁ“m\ﬂ

portion, and the first substrate is chucked by evacuating

a space between said pins.

14. The avpparatus according to claim 10 or :!.1, wherein only
5 a chuck surface of said peripheral portidn of said support

table has a chuck mechanism for chucking the first substrate.

15. The apparatus according toclaim9, wherein said support
table of said support unit chucks only a periphery of the
10 first substrate to separate a central portion of the first

substrate from a central portion of said support table.

16. The apparatus according to any one of claims 1 to 15,
further comprising a substrate manipulation unit for
15 supporting the second substrate with the second substra;te
opposing the firsi: substrate supported by said support unit, '
and releasing the second substrate,
' (nherein said press unip presses _tﬁhe second substrate
when said sﬁbstrate manipulation unit releases the.second

20 substrate.

17. The apparatus according to claim 16, wherein said
support unit substantialiy horizontally supports the first -
substrate, and said substrate manipul_gtion unit

25 substéntialiy horizontally supports the second substrate

above the first substrate and re
REPLACEMENT SHEET

s the second substrate .
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steps of:

the first substrate is so curved as
peri pheral portion fromthe
setting the predeterm ned peripheral
uncurved state after

. opposing first and second substrates to each ot her;
pressing the second substrate while a predeterm ned peripheral

portion of
to separate the predeterm ned

second substrat e; and_;*r-ﬂ;gﬂixi44%%y~—-
portion of the first substrate in an

pressing step conprises pressing a

with a pin wile

18.

a predeterm ned t-id6e el apses.
central portlon
a central portion of the first subs

AL, ..

v ate s kept flat

A substrate support apparatus for supporting a

10

15

20

25

substrate of two substrates when the two substrates are
overlapped and contacted comprising a support unit capable
of supporting the substrate in a curved sﬁate and an ﬁpcu::ved
state.

19. The apparatus according to claim 18, wherein said
support unit can support the substrate while a periphery of
the substrate is curved and is not curvéd with respect to

a central portion of the substrate.

20. The apf:aratus according to claim 18 or 19, wherein said

support unit supports the substrate first in a curved state

.and then in an uncurved. state.

21. The apparatus acco£ding to claim 19, wherein said

support unit comprises an adjusting unit for adjusting the
curve -of the substrate to spread a contact portion of the
suf)portea sub_strate and the_other substrate to be contacted

to the substrate step by step from a center to a periphery
thereof.

22. The apparatus according to claim 21, wherein said

adjusting'unit adjusts the curve of the supported substrate

to spread the contact portion concentrically step by step.
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6. ° A substrate processing nethod of overlapping and

contacting two substrates, conprising the steps of: opposi ng first
and second substrates to each other; pressinig the second substrate
whil e a predeterm ned peripheral portlon of the fir SO
curved as to separate the predeterm ned peri phera M lﬂﬁmhllﬂ‘e
second substrate; and sel ectivet4Tsetting t Rl e

peri pheral portion of the first substrate in an uncurved state after
contact portion of the first and second substrates

23. The apparatus according to claim 18 or 19, wherein said
support unit curves the substrate by chucking a back surface

of the substrate.

5
24. The apparatus according to claim 19, wherein said
support unit comprises 'a sﬁpport table having a peripheral
portion lower than a central portion, and said support table
chucks the first substrate.

10

25. The apparatus according to claim 24, wherein said
support table comprises a disk-like central portion and one

or a plurality of annular peripheral portions.

15 26. The apparatus according to claim 24, wherein said
support table comprises a disk-like central portion and an
annular peripheral portion, and a chuck _surface of said
periphefal portion is inclined to a chuck surface of said

cenitral portion.

20 .
27. The apparatus according to élaim 25 or 26, wherein a.
chuck surface of said central portion and a chuck surface
of said peripheral portion have chuck mechanisms for chucking
the substrate. | ‘

25

28. The apparatus according to claim 25 or 26, wherein only
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spreads to a predeterm ned region, wher ei n the pressing step
conprises pressing a central portion of the second-
while a central portion of the first substance kep

substrate processing nethod of overlapping and con uh ! B "rates
C?Hpr|5|ng t he steps of: opposin%dﬁrst and s to each
ot her; -48 -

a chuck surface of said peripheral portion of said support

table has a chuck mechanism for chucking the substrate.

29. The apparatus accord:.ng to claim 24, wherein said
5 support table of said support unit chucks only a periphery
of the substrate to separate a central portion of the

substrate from a central portion of said support table.

30. A substrate processing method of overlapping and
10 contacting two substrates, comprising the steps of:
| opposing first and second substrates to each other;
pressing the second substrate while a peripherxry of the
first substrate is so curved as to separate from a periphery
of the second substrate; and
15 setting the first substrate in an uncurved state after

a predetermined time elapses.

31. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of: |
20 opposing first and second substrates to each other;
pressing the second substrate while a periphery of the
first substrate is so curved as to separate from a periphery_ .
of the second substrate; and
setting the first substrate in an uncurved state after
25 a contact portion of the first and second substrates spreads

to a predetermined regionm.

. This Sheet Has Beerz R
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pressing the second substrate while a predeterm ned portion of the first
substrate is Sp GMEL\ "t-o—-separate fromthe second substrate; and

adj usting the é‘ EMEME {1 rst’ substrate to spread a contact portion of
the first and ke ond su s ‘rates step by step froma center to a periphery

t her eof . 8. e fabri cation nethod usin or di ng
to any one«of {clfai ms to 77in .' part o4 a process. ?Illllﬂllﬂﬁmﬂmwgﬂbstrate
fabrication {he metthod according to any ofe bf &l & ne

in a part of

32. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each ot.:h.ér-;
5 pressing the second subs_trate while a periphery of the
first substrate is_so curved as to separate from a periphery
of the ‘second substrate; and
adjusting the éﬁrve of the first substrate to spread
a contact portion of the f-irst and secon_cl substrates step

10 by step from a center to a periphery thereof.

33. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
15 pressing the second substrate while a periphery of the “
first substrate is so curved as to separate from a periphery
of the second substrate; and _ _ -
adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates
20 concéntrically step by step from a center to a periphery

thereof.

.34. . A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
25 opposing first and second substrates to each other;

pressing the second substrate while a predetermined

This Sheet Has Been Re ﬂ
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10. A substrate processing nethod of overlapping and contacting two
substrates, conpr e.steps of: providing a first substrate and

a second subst r atfe; ' sel ectively curving a—peripheral—area—of the

first substrate; ;opp03|ng the first substr ond
a centrql area of the mﬁ gilﬂ ﬁ} Ei toward a
R¥s B3 rat ¢ by-50 pin Wml a of the

substrat e; re
LAY
flat, whegein the central area of the second

central area of tfh
first substrate ils
substrat e. cont actls

portion of the first substrate is so curved as to sepairate
from the second substrate; and
setting the first substrate in an uncurved state after

a predeterniined time elapses.

35. A substrate processing method of overlapping and
contacting two substrates, 'comprising the steps of:
opposing first and sec§nd substrates to each other :
pressing the second substrate while a predetermined
10 portion of the first substrate is so curved as to separate
from the second substrate; and -
setting the first substrate in an uncurved state after
a contaét porﬁion of the first and secqnd substrates spfeads
to a predetermined region.
15
36. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second.sub'.sltrates to each other;
pressing the second substrate while a predetermined
20 portion of the first substrate is so curved as to separate
from the second substrate; and
adjusting the curve of the first substrate to spread
a contact portion of the” first and second substrates step
by step from a center to a periphery thereof.

25

37. The method according to any one of claims 30 to 36,
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the central area of the first substrate; and sel ectively uncurving
the peripheral areaof the first substrate after a predeterm ned tine,
~wherein the peripheral area of the first substrate—Tmoves into contact with
a peripheral area of the second substrate.

| T

wherein a back surface of the second substrate is pressed.

38. A substrate processing method wherein two substrates
are contacted by using the apparatus according to any one

5 of claims 1 to 29.

39. A substrate fabrication method using the method

according to any one of claims 30 to 37 in a part of aprocess.

10 40. An SOI substrate fabrication method using the method

according to any one of claims 30 to 37 in a part of aprocess.
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11.- A substrate processing nmethod of overlapping and contacting two
substrates, conprising the steps of: opposi ng first and second

. Substrates to each other; pressing a central portion of the second
substrate while a peripheral portion of the first substrate is so curved as
to separate the peripheral portion fromg periphery of the second substrate
and a central portion of the first substrate is kept flat; and

selectively setti E@B t fas te in an
uncurved state a = he net hod
according to claim4Z - N pressing the
central portion of the o g+t ==

Abstract of the Disclosure

The spacés _in chuck grooves 3a and 3b are eQacuated to

chuck the entire surface of a wafer 1 to the chuck surface

5 of a wafer support table 3 and curve the wafer 1. A wafer

2 is horizontally opposed to the wafer 1, and the center of

the wafer 2 is pressed by a press pin 6a. The centers of the

~ two wafers 1 and 2 are contacted, and the contact portion
gradually spreads to the vicinity of the periphery of a

10 central; portion 3¢ and takes a-substantially circular shape.

- After that, the chuck by the_ chuck grooves 3a is stopped.

Consequently, the wafer 1 flattens, and the entire surfaces

of the wafers 1 and 2 are ¢dntacted.

Figure 3
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13, ¢ A nethod of fabriecating a sem conductor substrateigpr‘é),{ﬁésf
“‘met hod“according to claim41: \m a part of a process. ,FOS

H“\“! “\‘\! “Il\ “‘\sl | REPLACEMENT SHEETS __ SG
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WHAT IS CLAIMED IS: A Abstract  : paged¥7. to paged =
DATE OF RECEIPT '9/) (o]

1. A substrate processing method of

overlapﬁing and contacting two substrates, comprising the

steps of: H
opposing first and second substrates to each other;
pressing the second substrate while a

peripheral portion of the first substrate is so curved as

to separate the peripheral portion from a periphery of the

second substrate; and

selectively setting the peripheral portion of the

first substrate in an uncurved state after a predetermined

time elapses,

wherein the pressing step comprises pressing a
central portion of the second substrate with a pin while

a_central portion of the first substrate is kept flat.

2. A substrate processing method of
overlapping and contacting twé substrates, comprising the
steps of:
opposing first and second substrates to each other;
pressing the second substrate while a

peripheral portion of the firét substrate is so curved as

to separate the peripheral portion from a periphery of the
second substrate; and

selectively setting the peripheral portion of the

first substrate in an uncurved state after a contact
portion of the first and second substrates spreads to a

predetermined region,




-
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wherein the pressing step comprises ;gressing a

central portion of the second substrate with a pin while

a central portion of the first substrate is kept flat.

3. A substrate processing method of overlapping and
contacting two substrates, comprising the steps of:
opposing first and second substrates to each other;
pressing the second substrate while a periphery of the
first substrate is so curved as to separate from a periphery
of the second substrate; and
adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates step

by step from a center to a periphery thereof.

4. A substrate processing method of o(rerlapping and
contacting two substrates, comprising the steps of:

opposing first and second substrates to each other;

pressing the second substrate while a periphery of the
first substrate is so curved as to separate from a periphery
of the second substrate; and

adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates
concentrically step by step from a center to a periphery

thereof.
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5. A substrate processing method of
overlapping and contacting two substrates, comprising the
steps of:
opposing first and second substrates to each other;
pressing the second substrate while a predetermined

peripheral portion of the first substrate is so curved as

to separate the predetérmined peripheral portion from the

second substrate; and

selectively setting the predetermined peripheral

portion of the first substrate in an uncurved state after

a predetermined time elapses,

wherein the pressing step comprises pressing a
central portion of the second substrate with a pin while

a central portion of the first substrate is kept flat.

6. A substrate processing method of
overlapping and contacting two substrates, comprising the
steps of:
opposing first and second substrates to each other;
pressing the second substrate while a predetermined
peripheral portion of the first substrate is so curved as

to separate the predetermined peripheral portion from the

second substrate; and

selectively setting the predetermined peripheral

portion of the first substrate in an uncurved state after

a contact portion of the first and second substrates

spreads to a predetermined region,

wherein the pressing step comprises pressing a

central portion of the second substrate with a pin while

a central portion of the first s




g g g

7. A substrate _processing method of overiappir_xg and
contacting two substrates, comprising the steps oﬁ:
opposing first and second substrates to each other;
pressing the second substrate while a predetermined
portion of the first substrate is so curved as to separate
from the second substrate; and
adjusting the curve of the first substrate to spread
a contact portion of the first and second substrates step

by step from a center to a periphery thereof.

8. A substrate fabrication method using the method

according to any one of claims 1 to 7 in a part of aprocess.

9. An SOI substrate fabrication method using the method

according to any one of claims 1 to 7 in apart of aprocess.

10. A substrate processing method of overlapping
and contacting two substrates, comprising the steps of:

providing a first substrate and a second substrate;

selectively curving a peripheral area of the first
substrate;

opposing the first substrate with the second
substrate; |

pressing a central area of the second substrate
toward a central area of the first substrate by a pin while
the central area of the first substrate is kept flat,

wherein the central area of the second substrate contacts
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the central area of the first substrate; and
selectively uncurving the peripheral area of the
first substrate after a predetermined time,
wherein the peripheral area of the first substrate

moves into contact with a peripheral area of the second

substrate.

11. A substrate processing method of overlapping
and contacting two substrates, comprising the steps of:

opposing first and second substrates to each other;

pressing a central portion of the second substrate
while a peripheral portion of the first substrate is so
curved as to separate the peripheral portion from a
periphery of the second substrate and a central portion
of the first substrate is kept flat; and

selectively setting the peripheral portion of the
first substrate in an uncurved state after a predetermined

time elapses.

12. The method according to claim 42, wherein the
pressing step comprises pressing the central portion of

the second substrate by a pin.

13.. A method of fabricating a semiconductor
substrate using the method according to claim 41 in a part

of a process.
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SUBSTRATE PROCESSING APPARATUS, SUBSTRATE SUPPORT
APPARATUS, SUBSTRATE PROCESSING METHOD,
AND SUBSTRATE FABRICATION METHOD

Abstract of the Disclosure

The spacés in chuck grooves 3a and 3b are evacuated to
chuck the entire surface of a wafer 1 to the chuck surface
of a wafer support table 3 and curve the wafer 1. A wafer
2 is horizontally opposed to the wafer 1, and the center of
the wafer 2 is pressed by a press p;'i.n 6a. The centers of the
two wafers 1 and 2 are contacted, and the contact portion
gradually spreads to the vicinity of the periphery of a
central portion 3c and takes a-substantially circular shape.
After that, the chuck by the chuck grooves 3a is stopped.
Consequently, the wafer 1 flattens, and the entire surfaces

of the wafers 1 and 2 are contacted.
Figure 3
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