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Summary of Facts and Subm ssi ons

2467.D

The appeal |ies against the decision of the exam ning
di vision dated 8 Cctober 1997 refusing the European
pat ent application No. 91 308 598.1 on the ground that
the subject-matters of clains 1 to 3 | acked an
inventive step (Article 56 EPC) having regard inter
aliato the following prior art docunents:

Dl1: Patent Abstracts of Japan, vol. 12, no. 449
(E-449) & JP-A-63 177543

D2: Patent Abstracts of Japan, vol. 12, no. 435
(E-683) & JP-A-63 169747

D6: EP-A-0 354 056

D7: Patent Abstracts of Japan, vol. 13, no. 201
(E-757) & JP-A-01 023558

The appel | ant (applicant) | odged an appeal on

11 Decenber 1997, paying the appeal fee the sane day.
The statenent setting out the grounds of appeal was
filed on 9 February 1998 requesting the grant of a
patent on the basis of the clains on file. Oal
proceedi ngs were requested in the event that this
request could not be granted.

In a comuni cation pursuant to Article 11(2) Rul es of
Procedure of the Boards of Appeal, annexed to the
summons for oral proceedings, the Board inforned the
appel lant of its provisional opinion that the subject-
matters of clainms 1 to 3 did not involve an inventive
st ep.

Wth the letter dated 26 July 2002 the appel | ant
submtted an anended main request and first to third
auxiliary requests, as well as declarations by



VI .

2467.D

Lo T 0187/ 98

Dr. Steven Wight of Inperial College, London and of

Ms. Kat hari ne Heinen, one of the inventors of the
application in suit, and English translations of
docunents D1, D2 and D7 (in the foll ow ng these
docunents will be referred to as docunents Dla, D2a and
D7a) .

At the oral proceedings held on 28 August 2002, the
appel l ant subm tted anended first and third auxiliary
requests. The appellant thus requested that the
deci si on under appeal be set aside and a patent be
granted on the basis of one of the follow ng requests:

Mai n Request: claims 1 to 3 of Annex A
filed with the letter of
26 July 2002;

1st Auxiliary Request: claiml1l of Annex B filed

during the oral proceedings;

2nd Auxiliary Request: claims 1 to 3 of Annex C
filed with the letter of
26 July 2002; and

3rd Auxiliary Request: claims 1 to 3 of Annex D
filed during the oral

pr oceedi ngs.

The independent clainms 1 according to these requests
read as foll ows:

Mai n request:

"1l. A nethod for form ng an encapsul ated sem conduct or
device (10), conprising the steps of:
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provi ding a sem conductor die (11) having an
active face and a backsi de;

positioning a die support pad (12) with a top of
said die support pad (12) adjacent to said
backsi de of said sem conductor die (11); and
depositing a surface of oxide coating (13) to the
ot her side of said die support pad to pronote
adhesion with a package (10) to encapsul ate said
sem conduct or devi ce;

characterized by controlling the deposition
apparatus to roughen the surface of the said oxide
coating (13)."

1st auxiliary request:

"1l. A nethod for form ng an encapsul ated sem conduct or
device (10), conprising the steps of:
provi ding a sem conductor die (11) having an
active face and a backsi de;
positioning a die support pad (12) with a top of
said die support pad (12) adjacent to said
backsi de of said sem conductor die (11); and
depositing a surface of oxide coating (13) to the
ot her side of said die support pad to pronote
adhesion with a package (10) to encapsul ate said
sem conduct or devi ce;
characterized in that in the deposition plasma
provi des heat to powder particles and the plasma
and powder are propelled towards the die support
pad, and by controlling the deposition apparatus
to roughen the surface of the said oxide coating
(13)."

2nd auxiliary request:

2467.D Y A
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A nethod for form ng an encapsul ated sem conduct or
device (10), conprising the steps of:

provi ding a sem conductor die (11) having an
active face and a backsi de;

positioning a die support pad (12) with a top of
said die support pad (12) adjacent to said
backsi de of said sem conductor die (11); and
depositing a surface of oxide coating (13) to the
ot her side of said die support pad to pronote
adhesion with a package (10) to encapsul ate said
sem conduct or devi ce;

characterized by controlling the deposition
apparatus to roughen the surface of the said oxide
coating (13) and to provide a thickness of the

oxi de coating of between 0.0005 inches (12.5 um
and 0.05 inches (1.25 nm."

3rd auxiliary request:

"1.

A nmethod for form ng an encapsul ated sem conduct or
device (10), conprising the steps of:

provi ding a sem conductor die (11) having an
active face and a backsi de;

positioning a die support pad (12) with a top of
said die support pad (12) adjacent to said
backsi de of said sem conductor die (11); and
depositing a surface of oxide coating (13) to the
ot her side of said die support pad to pronote
adhesion with a package (10) to encapsul ate said
sem conduct or devi ce;

characterized by controlling the deposition
apparatus to roughen the surface of the said oxide
coating (13) and to provide a thickness of the

oxi de coating of between 0.0005 inches (12.5 pum
and 0.05 inches (1.25 mm),
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and in that the sem conductor device has a | ead
finger, a power supply bus lying between a

term nal of the sem conductor circuit and the |ead
finger, and a connecting nmeans for connecting the
term nal of the sem conductor circuit to the | ead
finger that crosses the power supply bus, wherein
t he sai d deposited oxide coating (13) also

i nsul ates the power supply bus from connecting
neans. "

The argunents of the appellant in favour of inventive
step can be sunmarized as foll ows:

The application addresses the problem of package
cracking during the attachnment of integrated

sem conduct or packaged devices to a printed circuit
board. The heat generated during reflow sol dering
converts into steam any noi sture present in the
package. The el evated steam pressure can cause

del am nation and cracking of the package. It is thus
required to increase the adhesion between the | ead
frame and the encapsul ant. To achieve this increase two
di fferent approaches can be recognized in the prior
art:

(i) nmechanical or chem cal roughening of the |ead
frame's surface in contact with the encapsul ati ng
resin for increasing the surface area avail abl e
for adhesion to the resin. This is the approach
di scl osed in docunents D6 and D7.

(1i) provision of a thin oxide interlayer (only some pum
t hi ck) between the |l ead frane and the encapsul ant
for increasing the adhesion by chem cal
interaction (hydrogen bonding). This approach is



.6 - T 0187/ 98

di scl osed in docunents D1 and D2.

A conbi nation of these two different approaches woul d
not be regarded as obvious by a person skilled in the
art. Moreover, such a conbination would lead to the
formation of a thin oxide |ayer on the nechanically or
chem cal ly roughened surface of a |lead frame. This is
clearly different fromthe solution proposed in the
application in suit which consists in the formation on
the |l ead frame of a thick oxide |ayer having a rough
surface. This approach provides a nuch |arger surface
area for attachnment and, consequentially, an increased
adhesi on between the | ead franme and the encapsul ant

t han what was obtained in the prior art, since
nmechani cal or chem cal roughening of the |lead frane
produces only a coarse rough surface.

Mor eover, the application of the plasma spray
deposition process for depositing the oxide |ayer on a
lead frame is an invention in itself, since this
technique is not usually enployed in the manufacturing
of sem conductor integrated circuits and provi des a
cheap, reliable and fast nethod for form ng the thick
oxide |l ayers required for |arge surface roughness,
since obviously a layer's roughness can never be | arger
than the layer's thickness.

Reasons for the Decision

1

2467.D

The appeal is adm ssible.

The anmendnments nade to the clains of the main, first
and second auxiliary request will not be discussed here
in detail, as the subject-matters of these clains is
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not allowable for the reasons which foll ow

Mai n request - lnventive step.

It is not in dispute that docunent D2 represents the
cl osest state of the art.

Thi s docunent addresses the problem of inproving
adhesi on between an integrated circuit's |ead frame and
t he encapsulating resin to avoid the formati on of
cracks in the encapsul ant due to thermal stresses. To
this effect, a fine ceramc coating filmis deposited
on the front and rear surface of the lead frane by

pl asma spraying, chem cal (CVD) or physical vapour
deposition (PVD). The ceramc coating filmmy be made
of single or m xed oxides or non-oxide ceramc
materials. According to this docunent, the bonding
force between the frane and the resin is increased due
to the formation of strong hydrogen bonds between the
resin and the ceramic material. No reference, however
is made in this docunent to the roughness of the
coating film (cf. D2a, pages 3 and 4).

The nethod according to claiml differs therefore from
t he net hod disclosed in docunent D2 in that the
deposition apparatus is controlled to roughen the
surface of the oxide coating.

According to the application in suit a rough oxide
surface pronotes adhesion to and reduces the cracking
of the encapsul ant during the refl ow sol dering step
(cf. page 1, lines 56 to 58 of the published
appl i cation).

Docunment D7 discloses that chem cally etching the rear
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side of a die pad before encapsulating it with a
sealing resin roughens its surface and increases the
effective area for adhesion. The cohesi on between the
sealing resin and the rear surface of the die pad is
t hereby inproved (cf. Dr7a, page 6, first paragraph).

It is also disclosed in docunent D6, although w thout
providing any details, that the surface of the die pad
was formed to be relatively rough in order to enhance
t he bonding strength to the encapsul ant (cf. D6,
colum 3, lines 37 to 40).

The skilled person thus |earns fromthese docunents
that the area of contact between a lead frane and an
encapsul ant can be increased by rougheni ng the back
surface of the lead frane and that the increased
contact area inproves the adhesion between the | ead
frame and the encapsul ant.

The appel lant submtted that a direct conbination of

t he disclosures of docunents D2 and D7 would lead to a
met hod in which the lead franme's surface is roughened
to increase its area of contact and that afterwards a
fine oxide coating is deposited on the roughened
surface to further increase the adhesion strength by
nmeans of chem cal bonds between the coating and the
encapsul ating resin (cf. docunent D2a, page 5,
penul ti mat e paragraph).

There are, however, two alternative ways for increasing
the effective area of the lead frane in contact with
the resin. One alternative, as pointed out by the
appellant, is to roughen the surface of the |ead frane
itself, and the other is to interpose an interlayer
having a | arge surface area between the |ead franme and
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t he encapsul ant. The second alternative is a viable
approach suggested by docunent D2, since it proposes
inter alia a plasma spraying nethod for formng the

oxi de coating |ayer. This nmethod involves the softening
of particles of a heat fusible material by passing it

t hrough a plasnma forned by an electric arc and
propelling the softened material in particulate form
agai nst the surface to be coated. The coating has, by
virtue of the deposition of the material in particulate
form a rough surface. The degree of surface roughness
can be controlled eg. by varying the size or the
feeding rate of the powder particles, or by adjusting

t he di stance between the plasma nozzle and the surface
to be coat ed.

According to the appellant, since docunent D2 discl oses
t he deposition of a 'fine" oxide coating on the |ead
frame, a skilled person would only have tried to
deposit a thin layer. Al though this docunent does not

di scl ose the coating's thickness, a skilled person
woul d have understood the reference to a 'fine' coating
as neaning a thin layer, since docunent D1, which al so
addresses the problem of increasing the adhesion
between the |l ead frane and the encapsul ant, discl oses

t he deposition of an alumna filmhaving a thickness of
at nost 1.5 um Moreover, the alumna filmhas to be
thin, since it avoids the formation of gol d-al um num
internetallic conpounds which could |ead to the
breaki ng of the bonding wires (cf. Dla, page 7, |ast
par agr aph and page 9, second paragraph).

A thin oxide | ayer as enpl oyed in docunent D2, however,
cannot be rough, since its roughness is limted to the
t hi ckness of the coating. Mrreover, in the preferred

enbodi nent di scl osed in docunment D2 an al um na coating
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is deposited by CVD, a relatively slow deposition

nmet hod which forns very snooth coatings. In contrast to
pl asma spraying, a coating forned by CVDis built up by
successi vel y depositing nol ecular |ayers. Its roughness
is, therefore, limted to a nol ecul ar scale. For these
reasons, the skilled person would not have seriously
contenplated to enploy a plasnma sprayi ng process when
foll owi ng the teaching of docunment D2.

The Board, however, cannot agree with this argunent,
since plasma spraying is nentioned in docunment D2 as a
sui table nmethod for form ng the oxide coating. The
[imtation of the disclosure of a prior art docunent
only to its preferred enbodi rent woul d, however,
contradict the established case | aw according to which
t he disclosure of a prior art docunent conprises any
reproduci bl e technical teaching described in it (cf.
Case | aw of the Boards of Appeal of the European Patent
Ofice, 4th ed. 2001, page 60, 2.7).

Al t hough the Board accepts that docunent D2 when read
in conbination with docunment D1 suggests the use of a
thin oxide coating, the appellants subm ssion that the
use of a thin oxide filmrules out its formation by the
pl asma sprayi ng process cannot be followed. On the
contrary, in the Board's view the skilled person
deduces form docunment D2 that the plasma spraying
process which necessarily produces a rough surface (as
conpared to the surface produced by eg CVD) is a

sui tabl e process for the deposition of the oxide film

The Board concurs with the appellant that plasm

spraying is not a deposition nethod conmonly enpl oyed
in the sem conductor manufacturing field. However, in
ci rcunst ances where the skilled person is pronpted by
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the problemconfronting himto | ook for solutions in
anot her relevant technical field, the 'skilled person’
is a teamof experts in different technical fields (cf.
Case | aw of the Boards of Appeal of the European Patent
Ofice, 4th ed. 2001, page 111, 5.1.2). In the present
situation an engi neer specialized in designing packages
for integrated circuits, faced with the disclosure of
docunent D2, woul d have consulted a specialist in the
field of plasma spraying deposition and woul d have

| earned that the coatings obtained by this deposition
met hod have inherently a nuch |arger roughness than the
| ayers obtained by CvD or PVD and have, consequently, a
much | arger effective area onto which the encapsul ating
resin can adhere. Mreover, he would realize that the
surface roughness can be increased with a view to

i ncrease the contact area by controlling the process
condi ti ons.

For these reasons, it is the judgenent of the Board
that the subject-matter of claim1 according to the
mai n request does not involve an inventive step.

First auxiliary request - Inventive step.

Claim 1 according to this request specifies in addition
to the features of claim1l according to the main
request that the oxide coating is deposited by plasna
spraying. As already nentioned, however, docunment D2

di scl oses plasna spraying as a nethod suitable for

form ng the oxide coating.

The subject-matter of claim 1l does therefore not
i nvol ve an inventive step for the reasons given in
respect of claim1 of the main request.
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Second auxiliary request - Inventive step.

Claim 1 according to this request specifies in addition
to the features of claim1l according to the main
request that the thickness of the oxide coating is
between 12.5 pmand 1.25 mm

No special or surprising effect is, however, disclosed
in the application in relation with this thickness
range. Although coatings enployed in the sem conductor
manufacturing field are usually only some m croneters
thick as in docunment D1, the requirenent of increasing
t he roughness of the surface's coating makes thicker
coatings inevitable.

The Board considers, therefore, that a skilled person
woul d choose the thickness of the oxide coating having
regard to the circunstances. In particular, as there
are no difficulties in achieving the clained thickness
range by plasma spraying.

For these reasons and the ones discussed in relation to
the main request, it is the judgenent of the Board that
the subject-matter of claim1 according to this request
does not involve an inventive step.

Third auxiliary request

Claim1 according to this request differs fromclaim1l

according to the second auxiliary request in that it is
further specified that the oxide coating also insul ates
t he power supply bus of a Lead-on-Chip (LOC) |ead frane
fromthe bonding wres.

An encapsul ated sem conductor device formng the
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subject-matter of claim1, having the rear surface of
the die pad covered by an oxide coating for increasing
adhesi on between the die support pad and the

encapsul ant, and having an LOC |l ead franme in which the
power supply bus is covered by a dielectric coating is
disclosed in clains 4 and 5 as originally filed.
Consequently, the requirenent of Article 123 (2) EPCis
ful filled.

A conbi nati on of the conventional device as described
with reference to Figures 1 and 4 and a LOC device
described with reference to Figures 2 and 3 is,
however, not described in the application in suit, and
this has not been disputed by the applicant.

The question therefore arises whether such a

conbi nation of a conventional |ead frane device and a
LOC | ead franme device is adequately supported by the
description, as required by Article 84 EPC, second
sent ence.

A conventional |ead frame conprises a centrally |ocated
chip support pad 12 on which the sem conductor chip is
nount ed, and conductive | ead fingers 15 provi ded al ong
the chip's periphery. Wre bonds connect the chip's
bondi ng pads | ocated al ong the outer edges of the

sem conductor chip 11 to the lead fingers. As the
chip's bonding pads and the |l ead fingers are | ocated

al ong the periphery of the chip, the wire bonds do not
cross over a bus bar.(cf. page 4, lines 21 to 25 and
Figs. 1 and 4 of the published application).

A LCC | ead frame, on the other hand, conprises two
paral | el spaced power supply busses 28a and 28b runni ng
along the mddle of the sem conductor chip and several
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conductive lead fingers 27 |ocated at the sides of the
power supply busses. The bonding wires providing the
connecti ons between the bond pads and the | ead fingers
have to cross over the power supply bus, since the

sem conductor chip has centrally di sposed bond pads 23
| ocat ed between the two power supply busses. As the
lead frame rests on the chip's active surface 21 and is
fixed to it by double sided adhesive tapes 22a and 22b
formng a self-supporting structure, no chip support
pad is required in this device (cf. page 4, lines 36 to
51 and Figs. 2a and 2b of the published application).

In the application in suit, the problem of contact

bet ween the bonding wires and the power supply bus of a
LOC | ead frane and the problem of increasing the
adhesi on between the chip support pad of a conventi onal
| ead frame and the encapsul ant resin are treated
separately from each ot her

Moreover, a LOC structure is a self supporting
structure, not requiring a die support pad (cf. page 4,
line 46 of the published application). In the
conventional package, on the other hand, a chip support
pad is present and the problem of insulating the power
supply busses fromthe bonding wires does not arise,
since the bonding wires do not cross over any power
supply busses.

Thus, in the Board's view, the conventional |ead frane
and the LOC | ead frame are two totally different |ead
frame structures with conflicting requirenents giving
rise to different technical problens. The description
does not contain information which would enable a
skilled person to conbine these different structures
with conflicting requirenents in a single |lead frane
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structure as specified in claiml.

The appel |l ant has argued that a skilled person would
consider the provision of a cooling plate at the rear
side of a chip nmounted on a LOC | ead frane. The

probl ens of adhesi on between the encapsul ant and the
cooling plate and of insulating the power supply busses
fromthe bonding wires would both be present in such a
device. The nethod according to claiml1l of the third
auxiliary request addresses therefore both problens

si mul t aneousl y.

The Board, however, cannot concur with the appellant,
since the application does not disclose the use of
cooling plates, and the cl ai mspecifies the presence of
a chip support pad and not of a cooling plate (cf.
claim1l1, third paragraph). The functions of a chip
support pad and of a cooling plate are, however,
different. The former serves as a platformon which the
sem conductor chip is nmounted and the second hel ps in
di ssi pating the heat produced during the functioning of
the chip. The requirenents inposed on these two devices
are different and they can in no way be seen as being

i nt er changeabl e.

The appellant also referred to several passages in the
description in which LOC and conventi onal packages are
menti oned together as benefiting both fromthe
deposition of the oxide coating (cf. page 1, lines 42
to 43, page 5, lines 52 to 55 and page 6, lines 8 to 12
of the published application).

However, these passages refer to the reduction of the
encapsul ant's cracki ng and del am nation due to the
i ncreased adhesi on between the | ead frane and the
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encapsul ant. The Board has no doubts that this effect
is also achieved in a LOC | ead franme in the regions of
t he power supply bus which are covered by the oxide
coating. This effect is, however, under the correct
interpretation of the description, limted to the front
side of the LOC | ead frame where the power supply
busses are insulated fromthe bonding wres.

For these reasons, in the judgenent of the Board,
claim1 according to the third auxiliary request is not
supported by the description as required by Article 84
EPC.
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For these reasons it

The appeal is dism ssed.

The Registrar:

R. Schunacher

2467.D

I s decided that:

The Chai r nan

R K. Shukl a

T 0187/98



