BESCHWERDEKAMVERN
DES EUROPAI SCHEN

PATENTAMTS OFFI CE

rnal distribution code:
] Publication in QJ

] To Chairmen and Menbers
X] To Chairnen

] No distribution

BOARDS OF APPEAL OF CHAMBRES DE RECOURS
THE EUROPEAN PATENT

DE L' OFFI CE EUROPEEN
DES BREVETS

DECI SI ON
of 1 Decenber 2003

Case Nunber:
Appl i cati on Nunber:
Publ i cati on Nunber:

| PC:

Language of the proceedi ngs:

Title of invention:

T 1103/01 - 3.4.3
94309423. 5
0676806

HO1L 23/492

EN

Ball grid array intergrated circuit package with high therma

conductivity

Appl i cant:
STM croel ectronics, Inc.

Opponent :

Headwor d:

Ball grid array/ STM CROELECTRONI CS

Rel evant | egal provisions:
EPC Art. 56
EPC R 68(2)

Keywor d:

"I nventive step (yes) - after amendnent”
"Claimformng basis for the decision under appeal m ssing
fromthe exam nation file (see Reasons, item2)"

Deci si ons cited:

Cat chword

EPA Form 3030 06. 03



9

Européisches European Office européen
Patentamt Patent Office des brevets

Beschwerdekammern Boards of Appeal Chambres de recours

Case Nunber: T 1103/01 - 3.4.3

DECI SI ON

of the Technical Board of Appeal 3.4.3

Appel | ant :

Repr esent ati ve:

Deci si on under appeal :

Conposition of the Board:

Chai r man: R K. Shukl a

of 1 Decenber 2003

STM croel ectronics, Inc.
1310 El ectronics Drive
Carrollton

TX 75006- 5039 (Us)

Pal ner, Roger

PACE, WH TE & FARRER
54, Doughty Street
London WCIN 2LS (GB)

Deci si on of the Examining Division of the
Eur opean Patent O fice posted 7 May 2001
refusi ng European application No. 94309423.5
pursuant to Article 97(1) EPC

Menmber s: G L. Eliasson

M B. Ginzel



S T 1103/ 01

Summary of Facts and Subm ssi ons

2949.D

Eur opean patent application No. 94 309 423.5 was
refused in a decision of the exam ning division dated

7 May 2001. The ground for the refusal was that the
subject matter of claim1 filed at the oral proceedings
before the exam ning division did not involve an

inventive step having regard to the prior art docunents:

D1: US 5 285 352 A

D2: US 5 157 480 A; and

D3: FR 2 609 841 A

Claim1l formng the basis of the decision under appeal
was mssing fromthe exam nation file. During the
appeal proceedings, the appellant in response to a
request fromthe departnment of the first instance,
supplied a copy of the claimreceived by himalong with
the mnutes of the oral proceedings held before the

exam ni ng di vi si on.

The appel l ant (applicant) |odged an appeal on 5 July
2001, paying the appeal fee the sane day. A statenent
of the grounds of appeal was filed on 5 Septenber 2001
together with newclainms 1 to 15.

In a response to a comuni cation of the Board, the
appel lant filed anmended cl ai s and descri ption pages
with the letter dated 7 July 2003.
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The appel | ant requests that the decision under appeal
be set aside and a patent be granted on the basis of
the foll ow ng docunents:

d ai nms: 1to 15 filed with the letter dated
7 July 2003;

Description: pages 1 to 3 and 5 to 13 as filed,
pages 4, 4a, 4b, 4c filed with the letter
dated 7 July 2003;

Dr awi ngs: Sheets 1/2 to 2/2 filed with the letter
dated 16 February 1995.

Oral proceedings are requested in the event that the
Board is not mnded to grant the above request.

The independent clains 1 and 9, with the correction of
an obvious error in claiml, read as follows (in
claiml, penultimate line, the Board has repl aced
"effective thermal conductive" with "effective therm

conduction"):

"1. A packaged integrated circuit (10, 30) nounted on
an upper surface of a circuit board (28, 46), said
packaged integrated circuit conpri sing:

a substrate (16, 36) having an openi ng di sposed
t her et hrough and having a plurality of electrical

conductors;

a slug (14, 34) connected to the substrate and
conprised of a thermally conductive materi al ;
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an integrated circuit chip (12, 32), nounted on an
upper surface of the slug which is exposed in said
opening in the substrate, and electrically

connected to the conductors of the substrate; and

a plurality of solder balls (24, 42), attached to
a lower surface of the substrate in electrica
connection with the conductors of the substrate
and secured to the circuit board by a refl ow
procedure; characterised in that

an undersurface of the slug contacts the upper
surface of the circuit board, and a portion of the
upper surface of the slug contacts the | ower
surface of the substrate, a portion of the slug
bet ween the substrate and the circuit board

t hereby defining a stand-off di stance between the
upper surface of the circuit board and the | ower
surface of the substrate, which stand-off distance
set by the slug determi ned a coll apse di stance for
the solder balls during reflow, thereby providing
effective thermal conduction through the slug
between the chip and the circuit board."

"9. A nethod of mounting a packaged integrated circuit
(10, 30) on an upper surface of a circuit board
(28, 46), conprising the steps of:

attaching a thermally conductive slug (14, 34)
onto a substrate (16, 36), said substrate having
an openi ng di sposed therethrough and having a
plurality of electrical conductors;

2949.D
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nmounting an integrated circuit chip (12, 32) on an
upper surface of the slug which is exposed in said
opening in the substrate and electrically
connecting the integrated circuit chip to the
plurality of conductors;

encapsul ating the integrated circuit chip;

attaching a plurality of solder balls (24, 42) to
a lower surface of the substrate in electrica
connection with the conductors of the substrate;

wher eby the packaged integrated circuit (10, 30)
conprises the thermally conductive slug, the
substrate, the integrated circuit chip and the
sol der balls;

pl aci ng the packaged integrated circuit on an
upper surface of the circuit board; and
characterised in that said nethod further
conprises the steps of

attaching the conductive slug to the | ower surface
of the substrate wherein an undersurface of the
slug lies below the plane of the | ower surface of
t he substrate; and

conducting a refl ow procedure such that the
undersurface of the thermally conductive slug (14,
34) contacts upper surface of the circuit board
and a portion of the upper surface of the slug
contacts the | ower surface of the substrate, a
portion of the slug between the substrate and the
circuit board thereby defining a stand-off
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di stance between the upper surface of the circuit
board and the | ower surface of the substrate,

whi ch stand-of f distance set by the slug

determ nes a col | apse di stance for the sol der
balls during reflow, thereby providing effective
t hermal conduction through the slug between the
chip and the circuit board.™

In the decision under appeal, the exam ning division

reasoned essentially as foll ows:

(a)

(b)

(c)

Docunent D3 is considered the closest prior art
fromwhich the device of claiml only differs in
that a plurality of solder balls are attached to a
| ower surface of the substrate in electrica
connection with the conductors of the substrate
and secured to the circuit board by a refl ow
procedure, so that the stand-off distance set by
the slug determ nes the coll apse distance of the
sol der balls, whereas in docunent D3, the
conductors of the substrate are directly bonded to
the circuit board.

For the skilled person, the replacenent of
surface-nmounted | eads by solder balls would be a
routine matter, as known from docunment D2 (cf.
colum 3, lines 27 to 43).

Havi ng deci ded to enpl oy solder balls and a refl ow
nmet hod for connecting the package of docunent D3
to the circuit board, the skilled person is then
faced with the choice of how to couple the heat
slug and the circuit board, given the fact that

t he heat slug of docunent D3 is also a ground
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el ectrode and therefore nust be connected
thermally and electrically.

Docunent D2 indicates that thermal dissipation can
be optim zed by enploying the coll apse of sol der
bal s, whereby during reflow of the solder balls,

t he package is pulled into close thermal contact
with the circuit board. As shown in Figure 6 of
docunent D2, a heat sink is provided externally to
t he package and the di stance by which the heat
sink protrudes above the |level of the circuit
board determ nes the coll apse distance of the
solder balls (cf. D2, colum 6, lines 31 to 27).
Faced with this information, it is considered that
the skilled person would provide a slug on the
package of document D3 to define a coll apse

di stance for the solder balls during reflow.

The appel | ant presented essentially the foll ow ng

argunments in support of his requests:

(a)

(b)

Docunment D3 shoul d not be considered cl osest prior
art, as this docunent is primarily concerned with
t he probl ens of inductance of power supply |ines

i n packages for high-speed circuits. Instead,
docunent D1 represents the closest prior art.

Docunent D1 teaches the skilled person that the
substrate and the slug should be substantially

pl anar (cf. colum 3, lines 46 to 50; columm 5,
lines 9 to 15, colum 8, lines 38 to 51), so that
the chip can be attached onto the top surface and
termnals onto the bottom surface of the substrate.
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(c) Reviewing the prior art, the skilled person woul d
consi der docunent D3 but he would not |earn
anything relevant to the present invention
regarding the nounting of an integrated circuit
package.

(d) The skilled person may well consider docunent D2
as it discloses the nounting of the package which
is not inconpatible with that of docunment D1.
However, as docunment D2 teaches to use a further
slug extending through a hole in the circuit board,
a conbi nation of docunments D1 and D2 woul d not

result in the clained invention.

Reasons for the Deci sion

2949.D

The appeal conplies with Articles 106 to 108 and
Rule 64 EPC and is therefore adm ssible.

Formal matter - Rule 68(2) EPC

Al though claim 1l form ng the basis of the decision was
m ssing fromthe exam nation file, the applicant had
received a copy of the claim(see itemlII| above). The

i mpugned deci sion was therefore reasoned as required by
Rul e 68(2) EPC.

Amrendnents and Clarity
| ndependent clainms 1 and 9 have been anended for

clarity and the Board is satisfied that they al so
conply with the requirenents of Article 123(2) EPC.
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| nventive step

The application in suit relates to a packagi ng device
of an integrated circuit chip having solder balls

| ocat ed on each connector |ocation, a type of package
commonly known as a Ball Gid Array (B®&A).

The probl em addressed by the application in suit is to
provi de a package which has an inproved therna
conduction to the systemcircuit board upon which it is
nounted in order to allowit to be used in snal
conputing systenms, such as |aptop conputers (cf.
application as published, colum 2, lines 17 to 45).

This problemis solved by nmounting the integrated
circuit chip on an upper surface of a thermally
conducting slug which extends through an opening of a
substrate of the packaged integrated circuit. The
bottom surface of the slug protrudes beyond the | ower
surface of the substrate, so that when the package is
nounted on a circuit board by heating and refl ow ng the
sol der balls of the package, capillary forces pull the
slug towards the circuit board resulting in a tight
contact between the thermally conducting slug and the
circuit board.

Docunent D1 di scloses a BGA having a netal slug 28
extendi ng through the substrate 14 of the package onto
which an integrated circuit chip 12 is nounted (cf.
abstract). The slug (thermal conductor) 28 is attached
to a circuit board through solder balls 26. In order to
permt reliable contacts, the upper and | ower surfaces
of the slug 28 have to be coplanar with the respective
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upper and |l ower surfaces of the substrate (cf. colum 5,
lines 5 to 15).

The device of claim1 thus differs fromthat of
docunent D1 in that the | ower surface of the slug
extends bel ow the | ower surface of the substrate, a
portion of the upper surface of the slug contacts the
| ower surface of the substrate, and that the | ower
surface of the slug is in direct contact with the
surface of the circuit board, whereas in the device of
docunent D1 the |ower surface of the slug is flush with
the | ower surface of the substrate and the | ower
surface of the slug is attached to the circuit board
via sol der balls.

Docunent D2 di scl oses a packaged integrated circuit
having an integrated circuit chip 62 attached to a die
receiving area 64 of a lead-frame (cf. Figure 6). The
integrated circuit chip and the lead frame are seal ed
in a package body 65, such that the |leads and the die
receiving area 64 are exposed at the bottom surface of
t he package body. The | eads of the packaged integrated
circuit are connected to a circuit board through sol der
balls 83. The die receiving area 64 is in contact with
a cold plate 84 which protrudes through an opening in a
inacircuit board 82. The die receiving area 64 and
the cold plate 84 are pushed together by capillary
forces which arise during reflow of the solder balls 83
(cf. colum 6, lines 33 to 40).

The device of claim1 differs fromthat of document D2
in that the |lower surface of the slug extends bel ow the
| oner surface of a substrate and a portion of the upper
surface of the slug contacts the | ower surface of the
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substrate, whereas in the device of docunent D2, a
substrate is not present; instead, the integrated
circuit chip is nounted on a die receiving area of a

| ead-frame and the assenbly of integrated circuit chip
and lead frane is sealed in a package body, such that
the surface of the die receiving area is flush with the
| ower surface of the package body (cf. D2, Figure 6).
The cold plate 84 extending through the circuit board
of the device of document D2 corresponds to the slug of
t he cl ai ned devi ce.

Docunent D3 was considered the closest prior art in the
deci si on under appeal. It discloses a packaged
integrated circuit for very high-speed integrated
circuits (cf. abstract). In order to inprove the
performance of high-speed switching circuits, the
packaged integrated circuit is equipped with capacitors
18 for reducing fluctuations in power supply voltage
during rapid switching (cf. page 5, lines 14 to 16).
The integrated circuit chip is placed on a ground plate
14 placed on a thermally conducting slug 30 (cf.

Figure 7). The slug 30 acts as a ground el ectrode and
al so transfers heat away fromthe chip (cf. page 6,
lines 34 to 35). The bottom surface of the slug extends
beyond the surfaces of the substrate with the sane
anount as the signal electrodes (cf. page 3, lines 34
to 36 and page 4, lines 34 to 37).

The device of claim1l differs fromthe device of
docunent D3 in that a plurality of solder balls are
attached to a | ower surface of the substrate in

el ectrical connection with the conductors of the
substrate and secured to the circuit board by a refl ow
procedure, so that the stand-off distance set by the
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slug determ nes the coll apse di stance of the sol der
ball s, whereas in docunent D3, the outer |eads of the
substrate are directly bonded to the circuit board.

In the decision under appeal it was held that docunent
D3 represented the closest prior art (cf. itemVil(a)
above). As the appellant convincingly argued, however,
docunent D3 relates to the specific problens associated
wi th a package for high-speed circuits, and in
particular the detrinmental effects by inductance of the
power supply line (cf. itemVill(a) above; D3, page 1
lines 12 to 25). This problemis overcone inter alia by
mat chi ng the thickness of the ground plate with the

t hi ckness of the outer leads (cf. D3, page 4, line 34
to page 5, line 2). Therefore, a skilled person faced
with the task of providing a BGA packaged integrated
circuit with high thermal conduction would not consider
docunent D3 to be the closest prior art.

Even if it were accepted to consider docunent D3 as
closest prior art, it would not be considered routine
to replace the surface-nounted | eads in the device of
docunent D3 with solder balls, since as stated above,
docunent D3 is concerned with the problemof mnimzing
parasitic inductances in a packaged integrated circuit,
and the use of surface-nmounted |eads is an essenti al
part of the teaching for achieving this aim(cf. item
VIl (b) above).

In the light of the above, the Board follows the
appel l ant's subm ssions that docunment D1 shoul d be
considered the closest prior art, since it relates to a
packaged integrated circuit having a ball grid array
and a thermally and electrically conducting sl ug.
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The devi ce known from docunent D1 has the di sadvant age
that the thermal conduction fromthe integrated circuit
chip 12 to the circuit board is imted due to the use
of solder balls 26 for connecting the slug 28 to the
circuit board. Thus, the technical problem addressed by
the present invention relates to increasing the therm
conductance, i.e. the sanme problem as disclosed in the
application as filed (cf. item4.1 above).

A skilled person seeking to solve the above probl em
woul d in the Board' s judgenent not consider docunent D3
but rather the solution offered in Figure 6 of docunent
D2, since this solution can directly be applied to the
integrated circuit package of docunent Dl1. The only
nodi fi cation of the device of docunment D1 which would
be required is to omt the solder balls on the surface
of the slug. The device resulting froma conbi nati on of
t he teaching of docunent D2 to the device of docunent
D1, however, would not have all the features of the

cl ai med devi ce.

As to docunment D3, the skilled person would recognise
that the particular shape of the slug 30 in the device
of Figure 7 has the purpose of ensuring that the stand
of f di stance between the |ower surface of the substrate
and the lower surface of the slug is equal to the

t hi ckness of the outer leads 15 in order to mnimze

i npedance msmatch (cf. D3, page 6, lines 22 to 26).
Therefore, the purpose for choosing the shape of the
slug 30 in Figure 7 of docunent D3 is unrelated to that
of inproving the thermal conductance. Hence the skilled
person seeking to inprove thermal conductance of the
devi ce of document D1 woul d not consider docunent D3.
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4.10 Therefore, in the Board's judgenent, the subject matter
of claim1 involves an inventive step within the
meani ng of Article 56 EPC.

4.11 Since the nethod of independent claim9 results in a
device having all the features of claim1, the subject

matter of claim9 involves an inventive step for the

sanme reasons as set out above.

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 departnment of the first
instance with the order to grant a patent on the basis

of the docunents as specified under itemV above with

the correction of the foll ow ng obvious errors:

- In Caim1, penultimate |ine, replace "conductive"

with "conduction";

- On page 4b, first paragraph, penultimte line,

repl ace "conductive" with "conduction".

The Regi strar: The Chai r man:

P. Muartorana R K. Shukl a
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