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Summary of Facts and Subm ssi ons

Eur opean patent application No. 88 111 617.2 was
refused in a decision of the exam ning division dated
13 February 1995. The ground for the refusal was that
the subject matter of clains 1 to 6 | acked an inventive
step with respect to the prior art docunents

D1: EP- A-0 190 935; and

D2: Patent Abstracts of Japan, vol. 11, No. 341
(E-554) 7 Novenber 1987 & JP-A-62 122 141

1. The appel | ant (applicant) | odged an appeal on 13 Apri
1995, paying the appeal fee the sane day. A statenent
of the grounds of appeal was filed on 22 June 1995
together with newclainms 1 to 7 and an anended
description. Additionally, oral proceedings were
requested in case the Board intended to dism ss the
appeal .

L1l In a comuni cation annexed to a sunmons to oral
proceedi ngs, the Board informed the appellant of its
provi sional opinion that the subject matter of claim1l
did not seemto neet the requirenents of
Articles 123(2), 84 and 56 EPC. The Board furthernore
introduced the following prior art docunment cited in
t he European search report into the appeals
pr oceedi ngs:

D3: EP-A-0 190 508.
| V. Wth his letter dated 25 April 2000, the appell ant

filed newclains 1 to 5 as a first auxiliary request,
the clains filed with the statenent of the grounds of
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appeal formng a main request.

At the oral proceedings held on 23 May 2000, the
appel l ant submtted a copy of the Japanese Industrial
Standard JI'S B 0601 (1994) and filed a new set of
clainms 1 to 5 together with an anended description
formng a first auxiliary request. The appell ant
requested that the decision under appeal be set aside
and a patent be granted on the basis of the clains
according to one of the follow ng requests:

Mai n request:
Cl ai ns: Nos. 1 to 7 filed with the statenent of
t he grounds of appeal on 22 June 1995;

Descri ption: Pages 4, 4a, 9, and 10 as filed with the
statenent of the grounds of appeal on
22 June 1995;
Pages 1 to 3, 5to 8, and 11 as
originally filed

Dr awi ngs: Sheets 1/5 to 5/5 as originally filed

Auxi |l iary request:

Cl ai ns: Nos. 1 to 5 (auxiliary request) as filed
during the oral proceedings on 23 My
2000

Descri ption: Pages 4, 4a, 9, and 10 as filed with the
statenment of the grounds of appeal on 22
June 1995;
Pages 1 to 3, 5to 8, as originally
filed,;

Page 11 as filed during the oral
proceedi ngs on 23 May 2000



VI .

VII.

1687.D

- 3 - T 0625/ 95

Dr awi ngs: Sheets 1/5 to 5/5 as originally filed.

Claim1l in accordance with the nmain request reads as
fol | ows:

"1l. A nethod of manufacturing a bonded sem conduct or

body, conprising the steps of:

(a) preparing sem conductor substrates (1,2) each
having a flat mrror surface wth a surface
roughness | ess than 130 A;

(b) bringing the flat mrror surfaces of first and
second sem conductor substrates (1,2) together in
cl ose contact in pairs at a bonding interface (3)
of each pair, to provide the bonded sem conduct or
body;

(c) subjecting the bonded sem conductor body to
infrared topography to detect inages correspondi ng
to voids on the bonding interface of said first
and second sem conductor substrates (1,2); and

(d) selecting particular bonded sem conductor bodies
in which no image |ike a Mars pattern appears.™

Claim1l in accordance with the auxiliary request reads
as follows:

"1l. A nethod of manufacturing a bonded sem conduct or

body, conprising the steps of:

a) preparing a first sem conductor substrate (1) with
a flat mrror surface;

b) prepari ng a second sem conductor substrate (2)
with a flat mrror surface;

c) bringing the mrror surface of said first
sem conductor substrate (1) into cl ose contact
with the mrror surface of said second
sem conductor substrate (2) to forma
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sem conduct or body (4);

subj ecting said sem conductor body (4) to a heat
treatment at a tenperature equal to or higher than
200° C and lower than the nelting point of said
first and second sem conductor substrates (1, 2)
for a given period of tine in a predeterm ned

at nosphere, whereby said bonded sem conduct or body
is forned;

characterized by:

e)

f)

providing said flat mrror surfaces of said first
and second sem conductor substrates (1,2) with a
surface roughness equal to or less than 13 nm
(130 A) in a range of 1 nmlength;

observing said sem conductor body by use of
infrared topography before said heat treating step
for selecting those sem conductor bodi es providing
an image of uniformintensity, for said heat
treatnent."

Clainms 2 to 5 of the auxiliary request are dependent on

claim 1.

The appel | ant presented essentially the foll ow ng

argunents in support of his requests:

(a)

(b)

Claim1 according to the main request does not
include a heat treating step, since this heat
treatnment is not seen as a key feature of the
nmet hod according to the present invention.

As to the auxiliary request, the step f) is based
on the disclosure on page 4, lines 16 to 19,

page 3, lines 3 to 16 and 19 to 23 where it is
evident that the step of observing the

sem conductor body by infrared topography has to
be perforned before the heat treating step. The
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feature of claim8 as filed where the above-

menti oned step of observing by infrared topography
is carried out after the heat treating step is
erroneous, since it is in contradiction with the
rest of the application as originally filed.

Al t hough infrared topography was a known net hod
for detecting defects in bonded sem conduct or

bodi es, such as described in docunment D2, this was
only carried out after the step of heating the
bonded wafers, in contrast to the clainmed nethod
where the step of observing the bonded interface
using IRT is carried out before the heating step:
The "Mars pattern” imges were known to di sappear
after the heating step, whereas the patterns
caused by dust particles trapped between the
substrates would remai n. Consequently, in the art
of bondi ng sem conductor wafers, the significance
of the "Mars patterns” was not recogni zed and they
were regarded as spurious. It was therefore

consi dered nore convenient to carry out the IRT
detection after the heating step, so as to detect
dust particles.

Reasons for the Decision

1687.D

The appeal conplies with Articles 106 to 108 and

Rule 64 EPC and is therefore adm ssible.

Mai n request

Amrendnent s

Claim1l as anended is based on claim1 as filed,
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however the step of heating the substrates in close
contact with each other, as in claim1l1 as filed, is
omtted fromthe anended claim 1.

Fol l owi ng the principles set out in decision T 331/87
(A EPO 1991, 22), the renoval of a feature in an

i ndependent claimmay not violate Article 123(2) EPC
provi ded that the skilled person directly and

unanbi guously recogni zes that (1) the feature was not
expl ai ned as essential in the disclosure, (2) it was
not, as such, indispensable for the function of the
invention in the light of the technical problemit
serves to solve, and (3) the replacenent or renova
required no real nodification of other features to
conpensate for the change (cf. also Guidelines, CVI,
5. 8a).

Al t hough the heating step is not as such disclosed in
the application in suit as essential, the application
only concerns the inprovenent of the quality of a bond
produced by (a) joining two mrror-polished wafers; and
(b) heating the joined wafers. Having regard to this
obj ect of the invention, the Board has serious doubts
whet her the neasures proposed in the application in
suit (roughness |ess than 13 nm and absence of "Mars"
patterns in the infrared topography inmage) would
achieve this object without the presence of a heating
step, since according to the application in suit, the
heating step has the effect of increasing the bonding
strength between two wafers from about 5 kg/cnf to about
100 kg/cnt (cf. page 2, lines 8 to 12). Thus, the

i ncrease in bonding strength obtained by using wafers
having the claimed limt of roughness and by the
selection of wafers using infrared topography al one do
not conpensate for the absence of a heating step. The
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Board therefore finds that the criterion (3) is not
met .

Therefore, in the Board's judgenent, claim1l of the
mai n request does not neet the requirenments of
Article 123(2) EPC

Auxi | iary request

Amendnents and clarity

Claim 1 according to the auxiliary request contains the
features of originally filed clains 1 and 5, and the
features disclosed on page 4, lines 29 to 34
(definition of surface roughness in step e)), page 4,
lines 16 to 19, page 3, lines 3 to 16 and 19 to 23
(step f)). Caim2 is based on the disclosure on

page 11, lines 5 to 10, and clains 3 to 5 contain the
features of clainms 2, 6, and 7 as filed, respectively.

It is specified in step f) of claim1 that the

sem conductor body is observed using infrared

t opography (I RT) "before said heat treating step”
whereas claim8 as originally filed states that the
observation using IRT is carried out after said heat
treatment. The appellant argued that since claim8 is
in contradiction with the rest of the application as
filed, it nust be disregarded when assessi ng whet her
the requirements of Article 123(2) EPC are net.

The Board agrees with the subm ssions of the appellant,
since claim8 as filed has no support in the
description as filed: The passages on page 3, lines 3
to 16 and 19 to 23 of the application as filed
referring to the prior art states that it was known
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t hat when bonded sem conductor bodi es were observed by
| RT, dark portions having a shape rem ni scent of the
surface of the noon or Mars may be observed (in the
following referred to as "Mars pattern”), but that

t hese dark portions di sappear after suitable heat
treatnment. Moreover, in the description of the

enbodi nents of the invention, no details are given when
t he observation by IRT is carried out. Thus, a skilled
person reading the application in suit would infer
firstly that it would nake no sense to | ook for "Mars
patterns” after the heat treatnent, since such patterns
woul d have di sappeared, and secondly, since the
description of the enbodi nents of the invention does
not indicate any particular details how the
observations by IRT is carried out, the reader skilled
in the art would infer that this step should be carried
out as previously described.

Therefore, in the Board's judgenent, the requirenents
of Article 123(2) EPC are nmet. The Board furthernore
consider the clainms to be clear, as required by
Article 84 EPC

| nventive step

The only remaining issue in the appeal is that of
i nventive step.

Docunent D1 which is the closest prior art, discloses a
nmet hod of bonding two sem conductor substrates (cf. D1,
page 5, lines 1 to 25; Figures 1A to 1C). The net hod
conprises the steps of selecting sem conductor
substrates each having a flat mrror surface with a
surface roughness |l ess than 50 nm bringing the
pol i shed surfaces of two sem conductor substrates (11
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13) together to forma sem conductor body; and
subj ecting the sem conductor body to a heat treatnent
at a tenperature of 1000 to 1200° C.

Thus, the clainmed nmethod differs fromthat of docunent
Dl in that (i) the surface roughness is |ess than or
equal to 13 nmin a range of 1 mmlength; and (ii) IRT
is used before the heating step to select void-free
sem conduct or bodi es. Docunment D1 on the other hand
does not enploy any techniques for controlling the
quality of the bond between the two substrates. On the
contrary, the device of docunent D1 has a highly doped
| ayer 12 at the bond interface which allows the current
to bypass a void at the interface without causing a
maj or increase in the resistance of the current path
(cf. D1, page 5, lines 31 to 37; Figure 10

The obj ective technical problem addressed by the
present invention is thus to produce bonded

sem conduct or bodi es having an inproved bondi ng
strength and increasing the yield of diced

sem conduct or chi ps.

As described in conjunction with Figures 1C and 1D of
the application in suit, the above problem should in
particul ar be consi dered under the circunstances where
t he bonded sem conductor body is diced into small chips
containing a plurality of circuit elenments. A single
void in the interface may disrupt the current flow
across the entire chip or cause the bonded chips to
peel off.

It is common general know edge in the art that the
presence of voids at the interface between tw bonded
substrates affects the quality, i.e. the strength of
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bondi ng, and that the nunber of voids at the interface
is in turn influenced by the degree of roughness of the
surfaces to be joined. For a skilled person, therefore,
it would be obvious that a | ower degree of roughness,
i.e. lower or equal to 13 nmwas likely to inprove the
bondi ng strength.

Docunent D2 describes a nethod, known as infrared

t opography (IRT), to detect the presence of voids at
the interface of two wafers (1, 2) bonded to each ot her
(cf. D2, abstract). The nmethod is based on the
realization that unbonded parts, i.e. voids at the
interface, cause enhanced infrared reflection in
relation to bonded parts free of voids. It is also
clear fromthe content of the docunent D2, that the
detection of the voids is carried out on a bonded
structure.

In contrast to the use of IRT in the prior art, the
claimed nethod uses IRT to detect voids due to surface
roughness prior to the bonding of the surfaces.

It was argued by the appellant that the surface
roughness of equal to or less than 13 nmover 1 nmm of
length as required in claimin suit, alone does not
ensure that the bonded structure has a void free
interface and consequently a high bondi ng strength,
since the nmeasured roughness is only over 1 mmlength
at selected |locations on the substrate surface and not
uniformy over the whole of the surface. Consequently,
an additional step of ensuring a uniform surface
roughness over the entire substrate surface is required
before the substrates are heated to bind them together.
Such a uniform surface roughness is ascertained in the
cl ai mred nmet hod by the absence of the so-called "Mrs
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pattern”, i.e. when the IR inmage has a uniform
intensity.

The Board finds that the above subm ssions are
supported by the description in the application as
filed on page 3, lines 3 to 24; page 4, line 35 to
page 5, line 3, and page 5, line 33 to page 6, line 7.
Also it follows fromthe above cited passages that in
the art, the significance of the "Mars pattern” in the
IR image prior to bonding was not realized, and that
they were regarded as spurious as they disappeared
after the bondi ng by heati ng.

Thus, the Board finds that there was no hint or
suggestion in the prior art to use the nethod of
docunent D2 prior to bonding as specified in claiml
according to the auxiliary request.

3.2.7 Therefore, in the Board's judgnent, the subject matter
of claim1l according to the auxiliary request involves
an inventive step within the neaning of Article 56 EPC,
and neets the requirements of Article 52(1) EPC
Dependent clains 2 to 5 also therefore conmply with the
requi renment of Article 52(1) EPC.

Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.
2. The case is remtted to the first instance with the
order to grant the patent on the basis of the

f ol | owi ng:
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Nos. 1 to 5 (auxiliary request) as filed
during the oral proceedings on 23 My
2000

Pages 4, 4a, 9, and 10 as filed with the
statement of the grounds of appeal on

22 June 1995;

Pages 1 to 3, 5to 8, as originally
filed,;

Page 11 as filed during the oral
proceedi ngs on 23 May 2000

Sheets 1/5 to 5/5 as originally filed.

The Chai r nan

R K. Shukl a



