THI'S OPI NI ON WAS NOT WRI TTEN FOR PUBLI CATI ON
The opinion in support of the decision being entered today (1)
was not witten for publication in a law journal and (2) is not
bi ndi ng precedent of the Board.

Paper No. 20

UNI TED STATES PATENT AND TRADEMARK OFFI CE

BEFORE THE BOARD OF PATENT APPEALS
AND | NTERFERENCES

Ex parte YOSH H RO M YAZAWA
and YASUNORI OHKUBO

Appeal No. 96-1805
Application 08/200, 432

HEARD: June 10, 1997

Bef ore ABRAMS, OVWENS and CARM CHAEL, Adni nistrative Patent
Judges.

ABRAMS, Admi ni strative Patent Judge.

DECI SI ON ON APPEAL

! Application for patent filed February 23, 1994.
1



Appeal No. 96-1805
Appl i cation 08/ 200, 432

This is an appeal fromthe decision of the examner finally
rejecting clains 1 and 3 through 21. Caim2 has been cancel ed.
No cl ai ns have been al | owed.

The appellants' invention is directed to a nmethod of formng
a bonded wafer such as those used in sem conductors. The subject
matter before us on appeal is illustrated by reference to claim
1, which reads as foll ows:

1. A nethod of wafer bonding for form ng a bonded wafer by
bondi ng together wafers with sticking forces of surfaces of said
waf ers, said nethod being carried out in cooperation with an
appar atus having a chanber with a gas inlet and a gas outlet, a
first chuck for holding a first wafer, a second chuck for hol ding
a second wafer and noving said second wafer to said first wafer,
sai d chanber including a pressure application bar for contacting
at | east one of said first and said second wafers, the nethod
i ncluding the steps of:

setting a pressure of gas between said first and said second
waf ers before starting a sticking of said wafers to be bel ow
at nospheri c pressure;

filling a space between said first and said second wafers
before the start of sticking of surfaces of said wafers with a
gas having a | ower viscosity than air;

movi ng said second wafer to face said first wafer and
rel easing said second wafer from said second chuck, and

appl ying pressure on said second wafer by said pressure
application bar.

THE REFERENCES
The references relied upon by the exam ner to support the

final rejection are:
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CGoesel e et al. (Coesele) 4,883, 215 Nov. 28, 1989
Hoshi et al. (Hoshi) 5, 129, 827 July 14, 1992
Wells et al. (Wells) 5,131, 968 July 21, 1992
Black et al., (Black), “Silicon and Silicon D oxide Thernma

Bonding For Silicon On-lnsulator Applications,” J. Appl. Phys.,
63(8), April 15, 1988, pages 2773-2777.

Hai sma et al. (Haisma), “Silicon-On-Insul ator Wafer Bondi ng- Waf er
Thi nni ng Technol ogi cal Eval uations,” Japanese Journal of Applied
Physics, Vol. 28, No. 8, August 1989, pages 1426-1443.

The appellant’s admtted prior art as set forth on page 2, |ines
17-21, page 8, line 4-page 9, line 17, and Fi gures 4A-4D.
THE REJECTI ONS

Claims 1, 3 through 17, 20 and 21 stand rejected under 35
U S.C. 8§ 103 as being unpatentable over the admtted prior art in
view of Wells, Hoshi and Bl ack, considered either together or
further in view of Goesele.?

Clainms 9 and 17 through 19 stand rejected under 35 U.S.C. §
103 as bei ng unpatentabl e over the references cited against claim

1 et al. taken further in view of Haism

2\ note that claim8, as it appears in the appendix to the
Brief, is dependent fromclaim2, which has been cancel ed.
However, inspection of Amendment A (Paper No. 6), in which claim
8 first was presented, reveals that it properly depends from
claim1l. W also note that a rejection of clains 4 and 5 under
35 U.S.C. § 112, second paragraph, was overcone by an anendnent
filed after the final rejection (Paper No. 13).
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The rejections are explained in the Exam ner's Answer.
The opposing viewpoints of the appellants are set forth in

the Bri ef.

OPI NI ON

The exam ner has presented two rejections under 35 U S. C
8 103, each of which relies on the conbined teachings of at |east
four references in order to support the conclusion that the
cl ai mred subject matter woul d have been obvious. The gui dance
provi ded us by our review ng court for evaluation of such
rejections is that the test for obviousness is what the conbined
teachings of the prior art would have suggested to one of
ordinary skill in the art. See In re Keller, 642 F.2d 413, 425,
208 USPQ 871, 881 (CCPA 1981). In establishing a prima facie
case of obviousness, it is incunbent upon the exam ner to provide
a reason why one of ordinary skill in the art would have been | ed
to nodify a prior art reference or to conbi ne reference teachings
to arrive at the clainmed invention. See Ex parte Capp, 227 USPQ
972, 973 (BPAI 1985). To this end, the requisite notivation nust
stem from sone teaching, suggestion or inference in the prior art

as a whole or fromthe know edge generally available to one of
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ordinary skill in the art and not fromthe appellants’

di scl osure. See, for exanple, Uniroyal, Inc. v. Rudkin-WIey
Corp., 837 F.2d 1044, 1052, 5 USPQ2d 1434, 1439 (Fed. Gr.),
cert. denied, 488 U S. 825 (1988).

The appellants' clainms all are directed to a nmethod of wafer
bondi ng. Each of the three independent nethod clains includes a
preanbl e which establishes the environment in which the method is
performed as including a chanber with a gas inlet and a gas
outlet, neans for holding a first wafer, neans for holding a
second wafer and for noving it to the first wafer, and a pressure
application bar for contacting at | east one of the wafers. Anpbng
the several nethod steps thereafter recited in all three of these
clains is that the space between the two wafers be filled with a
gas having a | ower viscosity than air "before the start of
sticking of surfaces of said wafers" (clainms 1 and 13) and
"before starting a sticking of surfaces of said wafers” (claim
4). Cainms 1 and 13 further require that a pressure of gas
"bel ow at nospheric pressure” be set between the two wafers
applied "before starting a sticking of surfaces of said wafers."

All three independent clains stand rejected as being
unpat ent abl e over the conbi ned teachings of the prior art

admtted by the appellants plus Wells, Hoshi and Bl ack, with or
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W t hout Goesele. The "admtted prior art" designated by the

exam ner constitutes portions of the appellants' specification on
pages 2 and 8, and the system shown in Figures 4A through 4D. It
is here that the appellants di scuss nethods of bonding utilized
in the prior art, and the problens which the appellants believe

remai n unsol ved by them including the elimnation of gas bubbles

bet ween t he bonded wafers, which is the objective of their
invention. Insofar as the requirenents set forth in the preanble
of claim1l1l are concerned, the admtted prior art fails to
di scl ose a chanber with a gas inlet and a gas outlet, as well as
a second chuck for holding the second wafer and noving it to the
first wafer. The admtted prior art also fails to teach the
steps of setting a pressure of gas bel ow at nbspheric pressure
between the first and second wafers before starting a sticking of
the wafers, and filling a space between the first and second
wafers before the start of sticking of surfaces of the wafers
with a gas having a |lower viscosity than air. These inadequacies
are admtted by the exam ner on page 6 of the Answer.

It is the examner's position that one of ordinary skill in
the art woul d have understood that sonme neans was necessary for

hol di ng the second of the two wafers shown in the appellants
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prior art Figures 4A through 4D, and for noving the second wafer
toward the first wafer, that is, fromthe position shown in
Figure 4A to that of Figure 4B, where it is acted upon by the
pressure application bar (Figure 4C). As evidence of this, the
exam ner points to Wlls, wherein first and second wafers are

hel d by nmeans of vacuum upon a pair of chucks which are novabl e

toward one another to effect the bonding operation (Figure 1 and
colum 1, lines 62 and 63). W agree that these features were
known in the art at the tinme of the appellants' invention. W
al so agree with the examner that Wells further teaches that the
bondi ng operation can be acconplished in an enclosure, noting

al so, however, that the precise teaching of Wells is that this
"encl osure" include all of the mechanisnms for bonding the wafers
toget her, including "scrubbing, spin drying, crystal orientation
and joining" (colum 4, lines 11 through 15). Also, there is no
teaching in Wlls that an atnosphere of reduced pressure is
provi ded, or that the enclosure is filled with a gas other than

air.
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The Hoshi reference is directed to a nethod for bondi ng

sem conductor wafers in such a manner as to elimnate gas bubbl es
bet ween the two bonded surfaces. The exam ner focuses on the
enbodi ment illustrated in Figures 3A through 3F. In this system
first and second flat wafers 50A and 50B are pulled by vacuum
upon a pair of curved chucks 6A and 6B, whereupon they assune a
war ped configuration (Figures 3A and 3B). Each chuck is nounted
in a cover (22A and 22B) and, as shown in Figure 3C, the covers
are fol ded over upon one another to forma chanber having a gas

outlet 29. There is no gas inlet. At this point in the Hosh

process, the warped wafers are held spaced fromone another. As
expl ained in colum 4, chuck 6B then is raised to the position
shown in Figure 3D, in which the protruding center portions of
the wafers are placed in contact with each other (colum 4, line
22). The next step is to subject the interior of the chanber to
a vacuum greater than that which holds the wafers upon the
chucks, whereupon they are released to flatten and nmake ful
contact with one another, as shown in Figure 3E, so that they
bond together along their entire surfaces (colum 4, |lines 25
through 31). This is intended to elimnate the presence of gas

bubbl es bet ween the bonded wafers.
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Bl ack is concerned with preventing voi ds between bonded
waf ers which are caused by the presence of particul ate or gas.
Bl ack specifies that the wafers are nade of silicon materi al
The reference points out that particul ate voids can be elimnated
by bonding the wafers in a dust-free chanber (page 2773, colum
2), and that gas voids between the wafers can be elimnated if
t he gas between the wafers during the bonding operation "is
ei ther capable of conbining with the silicon (e.g. oxygen) or
di ffusing out of the bubble void through the silicon" (page 2776,
colum 2). In addition to oxygen, the reference nentions

hydr ogen and helium as bei ng appropriate gases (page 2774, colum

1, lines 3 and 4). Black also comments that sonme wafer pairs
wer e
mated in high vacuum (page 2774, colums 1 and 2). 1In the

conclusion section of the article, after stating that gas voids
can be elimnated by conbining wwth the wafer or diffusing
through it, it is said that "[n]ating the wafers under high
vacuum was al so effective" (page 2776, colum 2, enphasis added),
whi ch would seemto establish that the authors did not
contenplate utilizing hydrogen gas plus vacuum conditions in the
bondi ng chanber. This understanding is confirned by the

exam ner, who states on page 11 of the Answer that "[t] he use of
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a gas anbient as an alternative to the high vacuumis clearly

envi si oned by Bl ack” (enphasis added). The appellants al so
support this view (Brief, page 8).

Goesel e has been cited by the exam ner as teaching that the
bondi ng process can successfully be conducted by pressing the
waf ers together at one spot, from which a bondi ng wave proceeds
(colum 3, lines 34 through 36).

We first shall consider the limtation in clains 1 and 13 of
setting a pressure of gas bel ow at nbspheric pressure between the
first and second wafers "before starting a sticking of said
wafers." The exam ner's position is that Hoshi woul d have taught

one of ordinary skill in the art to further nodify the bondi ng

systens described in the admtted prior art by performng themin
a chanber in which the pressure is bel ow atnospheric at the
required point in the method. He begins his analysis by
asserting that

no bondi ng of the wafers [in Hoshi] is initiated by

merely contacting the surfaces . . . as depicted in

Fi gure 3D because the wafers are still held apart by

t he vacuum pressure of the vacuum chucks" (Answer,
sentence bridging pages 8 and 9).

10
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After making this finding, the exam ner goes on to state that the
reduction of pressure in the chanber in Hoshi thus occurs
"before" the start of sticking, and neets the terns of clains 1
and 13.

We do not agree with this interpretation of Hoshi even

assum ng, arguendo, that suggestion exists to conbine this

reference with the others. It is our finding that the contact
between the two wafers illustrated in Figure 3D of Hoshi
constitutes the starting of the sticking of the wafers. In

support of this conclusion, we point out that the Hoshi invention
is directed to the type of bonding which is acconplished w thout
usi ng any adhesive, but by mrror-grinding the surfaces and then
pl acing themtogether in a clean atnosphere (colum 1, lines 10
through 15). It therefore follows that contact between the two
wafers is, at the very least, the "start" of the sticking
(bondi ng) phenonenon. In fact, there being no further novenent
of the

portions of the wafers which initially are placed into contact
during the rest of the bonding process, it would appear that

t hese portions do, in fact, fully bond at the nonent of contact.
Since Hoshi clearly teaches that this occurs prior to the vacuum

being drawn in the chanber, the reference would not have

11
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suggested to one of ordinary skill in the art that the pressure
be reduced before the start of sticking, as is required in clains
1 and 13.

Anot her of the requirenments in these two clains is that the
space between the wafers be filled wth a gas having a viscosity
| ess than air before the start of sticking. W agree with the
exam ner that one of ordinary skill in the art would have been
taught by Black that the bonding of silicon wafers can be
enhanced by doing the process in a hydrogen atnosphere. The
problemwe find in the rejection is, however, a |lack of
suggestion to conbine in a manner which would neet the terns of
the claim First of all, as we noted above, Hoshi teaches
elimnating the problem of gas bubbl es remaini ng between the
bonded wafers by holding the wafers in a warped condition and
then releasing themto spring into contact wwth each other, this
bei ng done in an environment of reduced pressure. However, as we

st ated above, according to the record before us reduced pressure

is taught by Black as an alternative to the use of hydrogen gas.

This being the case, it is our view that Black woul d have taught
one of ordinary skill in the art to use either reduced pressure

or hydrogen gas, but not both together. Second, even

12
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consi dering, arguendo, that it would have been obvious to utilize
hydrogen gas in the Hoshi process, there is nothing in Black
whi ch woul d have suggested to one of ordinary skill in the art
t he additional steps of evacuating the air fromthe chanber and
replacing it with hydrogen prior to Hoshi's teaching of reducing
the pressure after contact between the wafers has been made.
These two new steps woul d have been essential to the Hosh
teachings as incorporated into the process disclosed in the
admtted prior art.

The other reference cited against clains 1 and 13 fails to
all eviate the shortcom ngs di scussed above found in the
conbi nation of the admtted prior art, Wlls, Hoshi and Bl ack,
and therefore it is our view that the conbi ned teachings of the
references fail to establish a prina facie case of obvi ousness
with regard to the subject matter of independent clainms 1 and 13
or, it follows, of clains 3 and 6 through 21, which depend
therefrom The rejection of these clains is, therefore, not

sust ai ned.

The | anguage of independent claim4 is quite simlar to

clainms 1 and 13, except that, while it contains the requirenent

13
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that the space between the wafers be filled wth a gas of
viscosity less than that of air prior to the start of sticking of
the wafers, it does not also require the reduced pressure
envi ronnent. However, as expressed above with regard to the
ot her independent clains, it is our view that the conbi ned
teachings of the references fail to establish a prima facie case
of obviousness with regard to the requirenent of filling the
space between the wafers with a gas having a | ower viscosity than
air, onits owm. This being the case, we will not sustain the
rejection of claim4 or of dependent claim5.

The teachings of Haisma, cited against sone of the dependent
clainms, also have been consi dered, but do not overcone the

defi ci enci es di scussed above.
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Nei ther of the rejections is sustained.
The decision of the exam ner is reversed.

REVERSED

NEAL E. ABRAMS
Adm ni strative Patent Judge

BOARD OF PATENT
TERRY J. OVENS

Adm ni strative Patent Judge APPEALS AND
| NTERFERENCES

JAMVES T. CARM CHAEL
Adm ni strative Patent Judge
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