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EXTENSION OF FATIGUE LIFE FOR C4 SOLDER BALL
IN A CHIP TO SUBSTRATE CONNECTION

Background of the Invention
1. Technical Field
The present invention relates to a method and structure for coupling a

semiconductor chip to an organic chip carrier by a solder ball.

2. Related Art

A solder ball that couples a semiconductor chip to an organic chip carrier is
subject to thermally induced strain during thermal cycling. The thermally induced strain
inevitably causes damage to the solder leading to cracking and electrical failure if
sufficient cycles occur. Thus, a method and structure is needed for reducing the

aforementioned thermally induced strain and increasing the fatigue life.

Summary of the Invention

The present invention provides an electronic structure, comprising:

a semiconductor substrate having a first electrically conductive pad thereon;

an organic substrate having a second electrically conductive pad thereon,
wherein a surface area of the first pad exceeds a surface area of the second pad; and

a solder member electrically coupling the first pad to the second pad.

The present invention provides an electronic structure, comprising:

a semiconductor substrate having a first electrically conductive pad thereon;

an organic substrate having a second electrically conductive pad thereon; and

a solder member electrically coupling the first pad to the second pad, wherein a
distance from a centerline of the solder member to a closest lateral edge of the
semiconductor substrate is at least about 0.25 mm.

The present invention provides a method of forming an electronic structure,
comprising:

forming a semiconductor substrate having a first electrically conductive pad

thereon;
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forming an organic substrate having a second electrically conductive pad
thereon, wherein a surface area of the first pad exceeds a surface area of the second
pad; and

electrically coupling, by use of a solder member, the first pad to the second pad.

The present invention provides a method of forming an electronic structure,
comprising:

forming a semiconductor substrate having a first electrically conductive pad
thereon;

forming an organic substrate having a second electrically conductive pad
thereon; and

electrically coupling, by use of a solder member, the first pad to the second pad,
wherein a distance from a centerline of the solder member to a closest lateral edge of
the semiconductor substrate is at least about 0.25 mm.

The present invention reduces thermally induced strain that occurs in a solder
ball during thermal cycling, wherein the solder ball couples a semiconductor chip to an

organic chip carrier.

Brief Description of the Drawings

FIG. 1 depicts a front cross-sectional view of a semiconductor chip coupled to
an organic chip carrier by a solder ball, in accordance with embodiments of the
present invention.

FIG. 2 is a table of thermal cycling fatigue test data for the solder ball of FIG. 1.

FIG. 3 is a plot of shear strain on the solder ball of FIG. 1 as a function of
distance between the center of the chip and the solder ball centerline.

FIG. 4 is a plot of axial strain on the solder ball of FIG. 1 as a function of

distance between the center of the chip and the solder ball centerline.

Detailed Description of the Invention
FIG. 1 illustrates a front cross-sectional view of an electronic structure 10, in
accordance with embodiments of the present invention. The electronic structure 10
includes a semiconductor substrate 12 coupled to an organic substrate 14 by a solder
member 16. The solder member 16 is mechanically and electrically coupled to an

electrically conductive pad 20 on the semiconductor substrate 12. The solder member
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16 is likewise mechanically and electrically coupled to an electrically conductive pad
22 on the organic substrate 14.

The semiconductor substrate 12 may include, inter alia, a semiconductor chip
(e.g., a silicon chip or a germanium chip). The semiconductor substrate 12 may have
a coefficient of thermal expansion (CTE) of about 3 ppm/°C, wherein ppm stands for
parts per million.

The organic substrate 14 includes, inter alia, an organic material such as an
epoxy, a polyimide, a polytetrafluoroethylene (PTFE), glass cloth, copper-invar-copper
or other reinforcing layers, and combinations thereof. The organic substrate 14 may
include, inter alia, an organic chip carrier. The organic substrate 14 has a CTE
between about 10 ppm/°C and about 18 ppm/°C.

The solder member 16 may include, inter alia, a solder ball such as a controlled
collapse chip connection (C4) solder ball. The solder member 16 may include, inter
alia, a eutectic lead- tin alloy (i.e., about 63% lead and 37% tin, by weight), a high-melt
lead-tin alloy, a eutectic-tipped, high-melt alloy, an unleaded solder, etc. As an
example, the high-melt lead-tin alloy may have lead and tin in a ratio of 97:3 by weight
with a melting temperature of about 330 °C. The solder member 16 has a CTE
between about 21 ppm/°C and about 28 ppm/°C. In particular, a lead-tin alloy having
a 97:3 weight concentration ratio has a CTE of about 28 ppm/°C.

An underfill material 24 exists between the semiconductor substrate 12 and the
organic substrate 14, wherein the underfill material 24 encapsulates the solder
member 16, and wherein the underfill material 24 has an elastic modulus of at least
about 1 gigapascal (GPa). The underfill material 24 serves to reduce thermal stresses
on the solder member 16, wherein such thermal stresses may occur during thermal
cycling operations. Any underfill material known to one of ordinary skill in the art may
be used for the underfill material 24. Examples of known underfill materials include,
inter alia, Dexter CNB840-38 and Namics U8437-2.

The electronic structure 10 may be fabricated as follows. The semiconductor
substrate 12 is formed, or otherwise provided, with the pad 20 thereon. The organic
substrate 14 is formed, or otherwise provided, with the pad 22 thereon. A high-melt
lead-tin solder is deposited and shaped on the pad 20 of the semiconductor substrate
12 to form a solder ball. A eutectic lead-tin solder paste is deposited on the pad 22 of

the organic substrate 14. The high-melt solder on the pad 20 is placed in contact with



10

15

20

25

30

WO 03/001585 PCT/EP02/06922

4

the eutectic solder paste on the pad 22. The solder paste is reflowed at a temperature
below the melting temperature of the high-melt lead-tin solder, and then cooled, to
form the solder member 16 that mechanically and electrically couples the
semiconductor substrate 12 to the organic substrate 14. The underfill material 24 may
be subsequently placed between the semiconductor substrate 12 and the organic
substrate 14 such that the underfill material 24 encapsulates the solder member 16.

Notwithstanding the role of the underfill material 24 in mitigating thermal
stresses on the solder member 16, such reduced thermal stresses may nonetheless
cause cracking of the solder member 16 at the interface between the solder member
16 and the pad 20. The interface between the solder member 16 and the pad 20 is
more prone to thermal stress damage than is the interface between the solder member
16 and the pad 22, because the local mismatch in CTE between the solder member 16
and the semiconductor substrate 12, that is coupled to the pad 20, is greater than the
mismatch between the solder member 16 and the organic substrate 14 which is
coupled to the pad 22. The thermal stress damage adversely impacts the fatigue life
of the interface between the solder member 16 and the pad 20.

The present invention discloses two inventive techniques for extending the
fatigue life of the interface between the solder member 16 and the pad 20. With the
first inventive technique, a ratio S1/S2 exceeds 1, wherein S1 is a surface area of the
surface 32 of the pad 20 of the semiconductor substrate 12 that is wetted by the
solder, and S2 is a surface area of the surface 34 of the pad 22 of the organic
substrate 14. With the second inventive technique, a distance in a direction 8 from a
centerline 26 of the solder member 16 to a closest lateral edge 13 of the
semiconductor substrate 12 exceeds about 0.25 mm. The centerline 26 is defined as
passing through a centroid 28 of the solder member 16 and being oriented in a
direction 9 that is perpendicular to the surface 32.

By increasing S1 relative to S2, the first inventive technique of having S1/S2
exceed 1 reduces the thermal stress and consequent thermal strain on the solder
member 16 at the pad 20 as compared with the thermal stress and consequent
thermal strain on the solder member 16 at the pad 22. The first inventive technique
offsets a portion of the higher thermal stress on the solder member 16 at the pad 20,

wherein said higher thermal stress is due to the relatively higher CTE differential
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between the solder member 16 and the semiconductor substrate 12, as compared with
the CTE differential between the solder member 16 and the organic substrate 14.

FIG. 2 is a table of thermal cycling fatigue test data for the solder member 16 of
FIG. 1, which demonstrates that increasing S1/S2 increases the fatigue life of an
interface between the solder member 16 and the pad 20 of FIG. 1. In the tests
underlying FIG. 2, the electronic structure 10 was thermally cycled from 100°C to 0°C,
and back to 100 °C, in each cycle. The semiconductor substrate 12 is a silicon
semiconductor chip, the organic substrate 14 is an organic chip carrier comprising a
glass epoxy core with organic buildup layers, and the solder member 16 is a C4 solder
ball comprising a lead-tin alloy having weight concentrations of about 97% lead and
about 3% tin. An underfill 24 material of Namics U8437-2 material having an elastic
modulus of 7 GPa was used.

The column titles appearing in the first row of the FIG. 2 are as follows. The
“Row” column denotes row numbers. The “Sample Size” column denotes the number
of same electronic structure 10 samples used in each batch tested. The “Chip Size”
denotes the chip dimensions along surface 18 of the chip 12. The pad 22 has a
diameter as denoted in the “Organic Substrate Pad Diameter, D2” column. The pad
20 has a diameter as denoted in the “Chip Pad Diameter, D1” column. The “D1/D2"
column denotes the ratio of D1 to D2. The “S1/S2" column denotes S1/S2 such that
S1/S2= (D1/D2)2%. The “Solder Ball Height” column denotes the height H in the
direction 9 shown in FIG. 1. The “Distance (Depge) From Solder Ball Centerline To Chip
Edge” column denotes the distance Dgpge in the direction 8 shown in FIG. 1. The “No.
Of Cycles to 50% Fails” column denotes the number of cycles at which 50% of the
samples failed, which was computed by averaging over the Sample Size. The “First
Cycle To Fail” column has a tolerance of 500 cycles, since the samples were tested for
failure at every 500 cycles, with the exception of row 5 for which the samples were
tested for failure at every 100 cycles. A failure of a sample is defined as crack in the
solder member 16 or a delamination of the solder member 16 from the pad 20.

As seen in rows 4 and 3 in FIG. 2, as S1/S2 is increased from 0.40 to 0.77, the
No. of Cycles to 50% Fails increases from 3250 to 7963, and the First cycle to Falil
increases from 600 to 2500. Note that rows 2 and 3 are consistent with rows 3 and 4,
since as S1/S2 increases from 0.77 to 0.81, the No. of Cycles to 50% Fails increases
from 7963 to 8430. Note that in rows 2, 3, and 4, Degpee has the same value of 100 pm.
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The preceding results confirm that increasing S1/S2 improves fatigue life, which
is the basis for the first inventive technique of the present invention. Finite element
modeling has been used to predict the increase in fatigue life over an extended range
of the ratio S1/S2. The first inventive technique includes several embodiments with
respect to S1/S2. A first embodiment of the first inventive technique is S1/S2 > 1. A
second embodiment of the first inventive technique is having S1 exceed S2 by a factor
of at least about 1.2. A third embodiment of the first inventive technique is having S1
exceed S2 by a factor between about 1.1 and about 1.3. A fourth embodiment of the
first inventive technique is having S1 exceed S2 by a factor between about 1.3 and
about 2.0.

Rows 1 and 3 of FIG. 2 demonstrate the second inventive technique of the
present invention. Depge equals 230 um (i.e., .23 mm or 9 mils) and 100 um (i.e., .10
mm or 4 mils) for rows 1 and 3, respectively. For rows 1 and 3, FIG. 2 shows that the
Number of Cycles to 50% Fails increases from 7963 cycles to 13260 cycles to as
Deoce is increased from 100 um to 230 pm (i.e., from .10 mm to .23mm). Thus, at
distances Depge Within hundreds of microns from the nearest chip edge 13 (see FIG.
1), increasing Deoge results in going to more cycles to reach the 50% failure level.
Note that in rows 1 and 3, S1/S2 has the same value of 0.77.

The beneficial effect of increasing Depee Within hundreds of microns from the
nearest chip edge 13 is also illustrated by FIGS. 3 and 4. FIGS. 3 and 4 are plots of
average shear strain and average axial strain, respectively, on the solder member 16
at the interface between the solder member 16 and the pad 20 of the semiconductor
substrate 12. The average shear strain in FIG. 3 is in a plane that is defined by
directions 8 and 9 in FIG. 1, whereas the average axial strain in FIG. 4 is parallel to the
direction 9. Both the shear strain in FIG. 3 and the axial strain in FIG. 4 are spatially
averaged over the portion of the pad surface 32 that interfaces the C4 solder ball 16.

In FIGS. 3 and 4, the semiconductor substrate 12 is a silicon semiconductor
chip, the organic substrate 14 is an organic chip carrier comprising a glass epoxy core
with organic buildup layers, and the solder member 16 was a C4 solder ball
comprising a lead-tin alloy having weight concentrations of about 97% lead and about
3% tin. An underfill 24 material is present with a modulus of from 2to 11 GPa. The

edge 13 of the chip 12 is about 8 mm from the center (not shown) of the chip 12. The
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surface 18 of the chip 12 has dimensions of 16mm x 16mm. The height H of the C4
solder ball is 0.1 mm.

In the simulations underlying FIGS. 3 and 4, the electronic structure 10 was
thermally cycled from 100°C to 0°C, and back to 100 °C, in each cycle. The resulting
shear strain in FIG. 3 and axial strain in FIG. 4 are each plotted as a function of Dc,
wherein D¢ is a distance in the direction 8 from the center of the semiconductor
substrate 12 to the centerline 26 of the solder member 16 (see FIG. 1). FIG. 3 shows
three shear strain curves 102, 105, and 111, respectively corresponding to elastic
modulii of 2 Gpa, 5 Gpa, and 11 Gpa of the underfill 24. Similarly, FIG. 4 shows three
axial strain curves 202, 205, and 211, respectively corresponding to elastic modulii of
2 GPa, 5 GPa, and 11 GPa of the underfill 24.

In FIG. 3, the average shear strain falls most sharply when the C4 solder ball
centerline 26 is between about 0.25 mm and about 0.40 mm from the edge 13 of the
chip 12, depending on which of the three curves 102, 105, and 111 is relevant. The
0.25 mm distance is the change in D¢ between the point P, on the curve 111 (where a
sharp change in slope occurs) and D¢ = 8 mm corresponding to the edge 13 of the
chip 12. The 0.40 mm distance is the change in D¢ between the point P, on the curve
105 (where a sharp change in slope occurs) and D¢ = 8 mm corresponding to the edge
13 of the chip 12.

In FIG. 4, the average axial strain falls most sharply when the C4 solder ball
centerline 26 is between about 0.30 mm and about 1.0 mm from the edge 13 of the
chip 12, depending on which of the three curves 202, 205, and 211 is relevant. The
0.30 mm distance is the change in D¢ between the point P; on the curve 211 (where a
sharp change in slope occurs) and D¢ = 8 mm corresponding to the edge 13 of the
chip 12. The 1.0 mm distance is the change in D¢ between the point P, on the curve
202 (where a sharp change in slope occurs) and D¢ = 8 mm corresponding to the edge
13 of the chip 12. Based on the preceding results, the second inventive technique
includes several embodiments with respect to Depge. With a first embodiment of the
second inventive technique, based on the average shear strain curves of FIG. 3, Depge
is at least about 0.25 mm. With a second embodiment of the second inventive
technique, based on the average shear strain curves of FIG. 3, Depge is at least about
0.40 mm. With a third embodiment of the second inventive technique, based on the

average axial strain curves of FIG. 4, Depae is at least about 0.30 mm. With a third
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embodiment of the second inventive technique, based on the average axial strain
curves of FIG. 4, Depge is at least about 1.00 mm.

The present invention’s effectiveness relates to the fact that the interface
between the solder member 16 and the pad 20 is more prone to thermal stress
damage than is the interface between the solder member 16 and the pad 20, because
there is a greater difference in CTE between the solder member 16 and the pad 20
than between the solder member 16 and the pad 22. Accordingly, a CTE coupling
parameter P characterizes the aforementioned differentials in CTE, wherein P is
defined as (Csowoer - Coraeanic)/(Csovoer - Csemi), Wherein Csoioer is @ CTE of the solder
member 16, wherein Coreanic is @ CTE of the organic substrate 14, and wherein Csem
is a CTE of the semiconductor substrate 12. Assuming that Csowoer > Coraanic > Csemi,
P must satisfy 0 < P < 1. P=1 represents a perfectly symmetric distribution of said
differential CTE between the pad 20 and the pad 22, while P=0 represents a perfectly
asymmetric distribution of said differential CTE between the pad 20 and the pad 22.
For the ranges of CTE stated supra for the solder member 16, the organic substrate
14, and the semiconductor substrate 12, P satisfies .17 < P <.72. Thus, a

comprehensive range for P is .15 < P < .75 for the range of CTEs considered herein.
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Claims

1. An electronic structure, comprising:

a semiconductor substrate having a first electrically conductive pad thereon;

an organic substrate having a second electrically conductive pad thereon, wherein
a surface area of the first pad exceeds a surface area of the second pad; and

a solder member electrically coupling the first pad to the second pad.
2. The electronic structure of claim 1, wherein a distance from a centerline of the
solder member to a closest lateral edge of the semiconductor substrate is at least about
0.25 mm or 0.40 mm.
3. The electronic structure of anyone of claim 1 or claim 2 further comprising:

an underfill material between the semiconductor substrate and the organic
substrate, wherein the underfill material encapsulates the solder member, and wherein
the underfill material has an elastic modulus of at least about 1 gigapascal.
4. The electronic structure of anyone of claim 1 or claim 2, wherein a coefficient of
thermal expansion (CTE) of the organic substrate is between about 10 ppm/°C and about
18 ppm/°C.
5. The electronic structure of anyone of claim 1 or claim 2, wherein P is between
about .15 and about .75, wherein P is defined as (Csovoer - Coraanic)/(CsoLoer - Csem),
wherein CsoLoer is a CTE of thé solder member, wherein Coraeanic is @ CTE of the organic
substrate, and wherein Csem is @ CTE of the semiconductor substrate.
6. The electronic structure of anyone of claim 1 or claim 2, wherein the organic
substrate includes an organic material selected from the group consisting of an epoxy, a
polyimide, a polytetrafluoroethylene, and combinations thereof.
7. The electronic structure of anyone of claim 1 or claim 2, wherein the solder
member includes a controlled collapse chip connection (C4) solder ball.
8. The electronic structure of anyone of claim 1 or claim 2, wherein the solder
member includes a lead-tin alloy.
9. The electronic structure of claim 1, where, in the organic substrate, a surface area
of the first pad exceeds a surface area of the second pad by a factor of at least about 1.2
or, between about 1.1 and 1.3 or, between about 1.3 and 2.0 and, a solder member is
electrically coupling the first pad to the second pad.
10. A method of forming an electronic structure, comprising:
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forming a semiconductor substrate having a first electrically conductive pad
thereon;

forming an organic substrate having a second electrically conductive pad
thereon, wherein a surface area of the first pad exceeds a surface area of the second
pad; and

electrically coupling, by use of a solder member, the first pad to the second pad.
11.  The method of claim 10, wherein a distance from a centerline of the solder
member to a closest lateral edge of the semiconductor substrate is at least about 0.25
mm or 0.40 mm.
12, The method of anyone of claim 10 or claim 11 further comprising:

placing an underfill material between the semiconductor substrate and the
organic substrate, wherein the underfill material encapsulates the solder member, and
wherein the underfill material has an elastic modulus of at least about 1 gigapascal.
13. The method of anyone of claim 10 or claim 11, wherein a coefficient of thermal
expansion (CTE) of the organic substrate is between about 10 ppm/°C and about 18
ppm/°C.
14.  The method of anyone of claim 10 or claim 11, wherein P is between about .15
and about .75, wherein P is defined as (CsoLoer - Coraanic)/(Csooer - Csem), wherein
Csovoer is a CTE of the solder member, wherein Corcanic is @ CTE of the organic
substrate, and wherein Csey is a CTE of the semiconductor substrate.
15.  The method of anyone of claim 10 or claim 11, wherein the organic substrate
includes an organic material selected from the group consisting of an epoxy, a
polyimide, a polytetrafluoroethylene, and combinations thereof.
16. The method of anyone of claim 10 or claim 11, wherein the solder member
includes a controlled collapse chip connection (C4) solder ball.
17. The method of anyone of claim 10 or claim 11, wherein the solder member
includes a lead-tin alloy.
18. The method of claim 10 wherein the forming step, a surface area of the first pad
exceeds a surface area of the second pad by a factor of at least about 1.2 or between
about 1.1 and 1.3, or between 1.3 and 2.0.



Sy

N
02

\

\

il aw 9z m\@




PCT/EP02/06922

WO 03/001585

2/4

¢ OId

009 052¢ 001 001 | ov0 | £9°0 00} 091 89°LX89°L 8L b
0052 £961 001 oL | Lre | 880 opl 09t Lex[g 61 g
0052 0ct8 001 o1t | 180 og0 ot ] rex(g 0¢ /4
0052 09761 067 00l | LLO] 880 0bi 091 rgxre v l

(wrl) 3903 dIH9 (uri) ()
4 0L ( STV %08 OLINMYIIND | poian (ww) 1@ | 20 ‘Y313INYIA
31949 | 0LSIN9AD | TIUG ¥IAT08 WU Tivg ‘WIEWYIO | Ovd 3uuLsans (X ww)
18414 40°0N | (@903g)39nmisia | 430708 | 2S/1S | 20/10 | OWd dIHO JINYDY0 SdIHY | 3ASTINYS | Moy

VLY@ 1531 IN9ILY4 INITIAD TYWYIHL 17V8 ¥3a10S




WO 03/001585 PCT/EP02/06922

3/4

AVERAGE SHEAR STRAIN VERSUS DISTANCE (D) BETWEEN
CENTER OF CHIP AND CENTERLINE OF C4 SOLDER BALL

AVERAGE SHEAR STRAIN
o
b~y
X

FIG. 3



WO 03/001585 PCT/EP02/06922

4/4

AVERAGE AXIAL STRAIN VERSUS DISTANCE (D) BETWEEN
CENTER OF CHIP AND CENTERLINE OF C4 SOLDER BALL

~202
g
§ j 205
= /)
= | [—211
— —— P,
T~—P ’
0 1 2 3 4 5 & 1 8 9



IWRNATIONAL SEARCH REPORT |T1
. PC

tional Application No

T/EP 02/06922

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HOLLZ21/60 HO5K3/34

HO01L23/485

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HOIL HO5K

Minimum documentalion searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ

Electronic data base consuited during the International search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

figures 1,2,12

8 October 2002 (2002-10-08)
column 8, 1ine 41 -column 11, 1ine 17;

-

“Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 889 326 A (TANAKA KEI) 1,3-10,
30 March 1999 (1999-03-30) 12-18

Y column 1, line 1-51 2,11
column 3, line 8-65; figure 3A

X PATENT ABSTRACTS OF JAPAN 1,3-10,
vol. 2000, no. 14, 12-18
5 March 2001 (2001-03-05)
-& JP 2000 306951 A (MITSUBISHI ELECTRIC
CORP), 2 November 2000 (2000-11-02)

Y abstract 2,11

E -& US 6 462 425 Bl 1-18

B] Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

° Special categories of cited documents :

*A’ document defining the general state of the art which Is not
considered 1o be of particular relevance

*E* earlier document but pubtished on or afier the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international flling date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

*X* document of particular retevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document Is taken alone

"Y* document of paricular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled

in the art.

*&* document member of the same patent family

Date of the actual completion of the international search

7 November 2002

18/11/2002

Date of mailing of the international search report

Name and malling address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Edmeades, M

Form PCT/ISA/210 (second sheet) (July 1892)

page- 1 of 2




IWRNATIONALVSEARCH REPORT

mlonal Application No

PCT/EP 02/06922

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citalion of document, with indication,where appropriate, of the relevani passages

Relevant 1o claim No.

A

WO 99 56509 A (CHUNG KEVIN KWONG TAI
;AMERASIA INTERNATIONAL TECHNOL (US))
4 November 1999 (1999-11-04)

column 2, 1ine 10 -column 5, line 24
page 14, line 19-29

PATENT ABSTRACTS QF JAPAN

vol.- 013, no. 168 (E-747),

21 April 1989 (1989-04-21)

-& JP 64 002338 A (FUJITSU LTD),

6 January 1989 (1989-01-06)

abstract

GB 2 344 463 A (NIPPON ELECTRIC CO)
7 June 2000 (2000-06-07)

figure 5
US 5 973 406 A (HARADA MASAHIDE ET AL)
26 October 1999 (1999-10-26)
column 5, line 48 -column 6, line 9;
figure 3

3-6,
12-15

2,11

1,10

1,10

Form PCT/ISA/210 (continuation of second shest) (July 1992)

page 2 of 2




ID‘RNATIONAL SEARCH REPORT

Information on patent family members

lonal Application No

|Tf

PCT/EP 02/06922

Patent document

Publication

Patent family

Publication

clted in search report date member(s) date

US 5889326 A 30-03-1999 JP 2803664 B2 24-09-1998
JP 9293752 A 11-11-1997

JP 2000306951 A 02-11-2000 DE 10018126 Al 02-11-2000
W 451370 B 21-08-2001
us 6462425 Bl 08-10-2002

WO 9956509 A 04-11-1999 US 6108210 A 22-08-2000
us 6297564 Bl 02-10-2001
CN 1298626 T 06-06-2001
EP 1090535 Al '11-04-2001
WO 9956509 Al 04-11-1999

JP 640023381 A NONE

GB 2344463 A 07-06-2000 CN 1258098 A 28-06~-2000
JP 3157817 B2 16-04-2001
JP 2000228459 A 15-08-2000
JP 2001177226 A 29-06-2001

US 5973406 A 26-10-1999 Jp 10070153 A 10-03-1998

Form PCT/ISA/210 (patent family annex) (July 1892)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

