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REQUEST FORM FOR
APPLICATION UNDER 37 CFR 1.53(b)

DOCKET NUMBER: 60188-932

Prior Application:
Art Unit: 9454
Examiner: Andy HUYNH

Box NEW APPLICATIONS

FEE

Mail Stop NEW APPLICATIONS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

¢

This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

Serial No. 10/307.450, filed on December 2, 2002, entitled SEMICONDUCTOR DEVICE AND

MANUFACTURING METHOD THEREQF, by the following named inventors: Yoshifumi NAKAMURA,

Ryuichi SAHARA, Nozomi SHIMOISHIZAKA, Kazuyuki KAINOU, Keiji MIKI, Kazumi WATASE and
Yasutake YAGUCHI.

1. I hereby state that the enclosed application contains no new matter.

2. Oath or Declaration
a. O Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))
i O Deletion of inventor(s)

Signed statement attached deleting inventor(s) named in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b).

3. X Incorporation By Reference (useable if Box 2b is checked)

The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure of the accompanying application and is hereby

incorporated by reference therein.
4. X  Preliminary Amendment is enclosed.

5. X An Information Disclosure Statement and PTO1449 Form are submitted herewith.

6. X Cancel claims 2-13.
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7. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6

above:
NO. OF EXTRA
CLAIMS CLAIMS RATE AMOUNT

Total Claims 10 -20 0 $18.00 = $0.00
Independent Claims 1 -3 0 $86.00 = $0.00
Basic Application Fee $770.00

If multiple dependent claims are presented, add $0.00 $0.00

Total Application Fee $770.00

Subtract ¥ if small entity $0.00

TOTAL APPLICATION FEE DUE $770.00

AMOUNT TO BE CHARGED TO DEPOSIT ACCOUNT NO. 500417 $770.00

7a. (] Enclosed is a Verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27.

7. ]

A verified Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in
prior application and such status is still proper and desired.

8a. 4 PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $ 770.00
8b. X The Commissioner is hereby authorized to charge fees under 37 CFR 1.16 and 1.17 which may be

required, including any extension of time fees to maintain the pendency of the parent application Serial
No. 10/307.450 or credit any overpayment to Deposit Account No. 500417.

9. IX Amend the specification by inserting before the first line the sentence:
--This application is a divisional of Application Serial No. 10/307,450 filed December 2, 2002.--.
10. [X] Priority of Application Serial No. 2001-387051 filed on December 20, 2001, in Japan is claimed under
35 USC 119. The certified priority document(s) were filed in Serial No. 10/307.450 on December 2.
2002.
11. X The prior application is assigned of record to
MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Osaka, JAPAN
12. X The power of attorney in the prior application is to:
McDermott, Will & Emery
13.[X Also enclosed:
- Copy of transmittal of Revocation of Power of Attorney and Request for change of Address in
Parent Application
2
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14.1 A petition, fee and response has been ﬁ!ed to.extend the term in the pending prior application until .

Address all future communications to: (May only be completed by applicant, or attorney or agent of record)

600 13" Street, N.W.
Washington, DC 20005-3096
202.756.8000 MEF:BD
Facsimile: 202.756.8087
Date: August 17, 2004

Customer Number 20277

WDC99 964608-1.060188.0932
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McDermott Will & Emery LLP
600 13th Street, N.W.
Washington, D. C. 20005-3096

Respectfully submitted,

MCD ,«ﬁ TT WILL & EMERY LLP
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Attorne,-Docket No:: 60188-370
PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of :
: Group Art Unit: 2811
Yoshifumi NAKAMURA, et al. :

: Examiner: Not Yet Assigned

Serial No.: 10/307,450 :
Filed: December 2, 2002
For: SEMICONDUCTOR DEVICE AND. MANUFACTURING METHOD THEREOF

- TRANSMITTAL OF REVOCATION OF POWER OF ATTORNEY
AND REQUEST FOR CHANGE OF ADDRESS

Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450

Sir:

Enclosed is a Revocation of Power of Attorney, Appointment and Certification
Under 37 CFR 3.373(B) for the above referenced application.

Please change the USPTO records to reflect our Docket Number as noted
above.

Also, please address all future correspondence to:

Voo sve o gy

i D.C. 20005-
Washington, D.C. 20005-3096 PAWZTQD277

Respectfully submitted,

McDERMO ILL & EMERY

Dated: 6/ &/ 3 By:
’ Michael E, Eodarty

Registra 0. 36,139
600 13th Street, N.W., Suite 1200

Washington, D.C. 20005-3096
Tel: (202) 756-8000
Fax: (202) 756-8087

WDC99 765048-1.060188.0370
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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

The present invention generally relates to a semiconductor device in which a metal
wiring is formed so as to be electrically connected to an electrode of a semiconductor
element and a part of the metal wiring is used as an external electrode, and a
manufacturing method of the same. More particularly, the present invention relates to a
semiconductor device having excellent junction reliability between a metal wiring and a
ball electrode mounted to an external electrode portion of the metal wiring, and a
manufacturing method of the same.

With recent reduction in size and improvement in functions of electronic
equipments, an increasing number of input/output (I/O) pins is formed in a semiconductor
element, and therefore the pitch of electrodes is reduced.

Especially in a CSP (Chip Size Package) type semiconductor device, electrodes of
a semiconductor element are formed by a dry etching method in a diffusion process,
whereas wiring electrodes of a substrate on which the semiconductor element is mounted
are formed by a wet etching method in an assembling process. Accordingly, the pitch of
the wiring electrodes of the substrate on which the semiconductor element is mounted is
necessarily greater than that of the electrodes of the semiconductor element. In view of
this, a semiconductor device is increasingly developed which deals with the difference
Between the electrode pitch of the semiconductor element and the wiring-electrode pitch of
the substrate. In such a semiconductor device, metal wirings are formed so as to be
electrically connected to the respective electrodes of the semiconductor element and a part
of each metal wiring is used as an external electrode in order to increase the distance

between the external electrodes.
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Hereinafier, a conventional semiconductor device will be described with reference
to the figures.

FIG. 15A is a perspective plan view of the conventional semiconductor device.
FIG. 15B shows an example of the cross-sectional structure taken along line XV-XV of
FIG. 15A. FIG. 15C shows another example of the cross-sectional structure taken along
line XV-XV of FIG. 15A.

As shown in FIGs. 15A and 15B, electrodes 2 are formed on the surface of a
semiconductor element 1. A passivation film 3 is formed over the surface of the
semiconductor element 1. The passivation film 3 is formed from silicon nitride (SiN) or
the like, and has an opening on each electrode 2. Metal wirings 4 are formed on the

passivation film 3. Each metal wiring 4 is formed from copper (Cu) and electrically

- connected to a corresponding one of the electrodes 2. A solder resist film 5 is formed on

the metal wirings 4 and the passivation film 3. The solder resist film 5 has an openiné on
a portion of each metal wiring 4 which functions as an external electrode (hereinafter,
referred to as “external electrode portion™). In order to electrically connect the electrodes
2 formed on the surface of the semiconductor element 1 to wiring electrodes of a substrate
(not shown) on which the semiconductor element 1 is mounted, respectively, a ball
electrode 6 formed from soldér is connected in a molten state to each opening of the solder
resist film 3, that is, to the external electrode portion of each metal wiring 4.

As shown in FIG. 15C, an insulating resin layer 7 may be formed between the
gemiconductor element 1 having the passivation film 3 thereon and the metal wirings 4.

In each of the forms of the conventional semiconductor device described above, the
wiring electrodes of the s;xbstrate on which the semiconductor device is mounted are
respectively connected to the metal wirings 4 of Cu formed on the surface of the
semiconductor element 1 through the ball electrodes 6 formed from solder. In other

2
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words, when the metal wirings 4 are formed from Cu (which is a commonly used metal
wiring material), metal junction of Cu (the metal wirings 4) and solder (the ball electrodes
6) is formed at the boundary between the metal wiring 4 and the ball electrode 6.

In the above conventional semiconductor device, however, tin (Sn) cqntained in
solder of the ball electrode 6 diffuses into Cu of the metal wiring 4 to form a Sn-Cu alloy
layer. As a result, in the portion of the metal wiring 4 on which the ball electrode 6 is
mounted (i.e., the external electrode portion) and the portion near the external electrode
portion, the Sn-Cu alloy grows in the most part of the metal wiring 4. The Sn-Cu alloy is
weak and hard. The semiconductor device 1, the resin film covering the surface of the
semiconductor element 1 and the substrate have different thermal expansion coefficients.
Accordingly, when the temperature is varied to melt the ball electrodes in the process of -
mounting the semiconductor device onto the substrate, stresses are generated due to such a
difference in thermal expansion coefficient. Accordingly, the Cu-Sn alloy layer formed in
the portion of the metal wiring 4 to which the ball electrode 6 is mounted is liicely to be

broken by the stresses.

SUMMARY OF THE INVENTION

In view of the above problems, it is an object of the present invention to provide a
semiconductor device having a metal wiring electrically connected to an elegtrode of a
semiconductor element, and having improved junction reliability between the metal wiring

and a ball electrode mounted on an external electrode portion of the metal wiring.
According to one aspect of the present invention, a semiconductor device includes
a semiconductor element having an electrode formed on a surface thereof, and a metal
wiring formed on the surface of the semiconductor element and electrically connected to
the electrode. The metal wiring has an external electroae portion functioning as an

3
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external electrode. A thickness of the external electrode portion is greater than that of a
non-electrode portion of the metal wiring, i.e., a portion of the metal wiring other than the
external electrode portion.

According to the above semiconductor device, in the metal wiring electrically
connected to the electrode of the semiconductor element, the thickness of the external .
electrode portion is greater than that of the non-electrode portion. The external electrode
portion of the metal wiring and a wiring electrode of a substrate on which the
semiconductor device is mounted may be connected to each other by a ball electrode
formed from solder. In this case, when the metal wiring contain, e.g., Cu (which is a
commonly used metal wiring material), Sn contained in solder of the ball electrode diffuses
into Cu contained in the metal wiring, whereby a Sn-Cu alloy layer having low strength
grows in the thickness direction of the external electrode portion. However, since the
thickness of the external electrode portion of the metal wiring is greater than that of the
non-electrode portion of the metal wiring, this Sn-Cu alloy layer can be prevented from
growing through the entire thickness of the external electrode portion. In other words, it
is ensured that the thickness of the low-strength Sn-Cu alloy layer in the external electrode
portion of the metal wiring is smaller than the thickness of the external electrode portion.
Since a part of the external electrode porﬁon is left unchanged into the Sn-Cu alloy layer,
the strength of the metal wiring can be maintained even if Cu is used as a metal wiring
material. The semiconductor element, the resin film covering the surface of the
semiconductor element, and the substrate have different thermal expansion coefficients.
Therefore, when the temperature is varied in the process of hardening the resin film
covering the surface of the semiconductor element or the process of mounting the
semiconductor device onto the substrate, stresses are generated due to such a difference in
thermal expansion coefficient. However, the above structure can prevent disconnection

4
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of the metal wiring even if such stresses are generated.

According to the above semiconductor device, the thickness of the non-electrode
portion of the metal wiring ~is smaller than that of the external electrode portion to which
the ball electrode is mounted. The metal wiring having a small thickness facilitates
formation of fine wirings by etching. As a result, the width of the metal wiring or the
pitch of the metal wirings can be reduced, enabling reduction in size of the semiconductor
device.

Preferably, the semiconductor device further includes an insulating film formed on
the metal \&iring and the surface of the semiconductor element, and having an opening
exposing the external electrode portion. An exposed surface of the external electrode
portion is preferably flush with or higher than a surface of the insulating film.

This prevents a wiring or electrode of a substrate on which the semiconductor
device is ‘mounted from contacting the non-electrode pprtion of the metal wiring of the
semiconductor device. Moreover, the exposed surface of the external electrode portion is
flush with or higher than the surface of the insulating film. Therefore, the ball electrode
can be mounted to the external electrode portion without producing a gap therebetween.
As a result, sufficient junction between the ball electrode and the external electrode portion
can be ensured. When the exposed surface of the external electrode portion is higher than
the surface of the insulating film, a substantial thickness of a metal portion of the external
electrode portion is increased. Therefore, the following effects can be obtained: when Sn
contained in solder of the ball electrode diffuses into Cu contained in the metal wiring, a
Sn-Cu alloy layer having low strength grows in the thickness direction of the external
electrode portion. As described above, however, since the substantial thickness of the
metal portion of the external electrode portion is increased, it is ensured that a greater part
of the external electrode portion is left unchanged into the Sn-Cu alloy in the thickness

5
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direction of the external electrode portion. When the temperature is varied in a process
such as the process of mounting the semiconductor device onto the substrate, stresses are
generated due to the difference in thermal expansion coefficient between the
semiconductor device and the substrate. However, the above structure can more reliably
prevent disconnection of the metal wiring even if such stresses are generated. Note that,
when the exposed surface of the external electrode portion is higher than the surface of the
insulating film, the external electrode portion may be bonded to the wiring electrode of the
substrate by solder without using the ball electrode. In this case, the same effects as those
described above can be obtained.

Preferably, the metal wiring is formed from a metal containing copper.

This enables reduction in resistance of the metal wiring.

Preferably, the -above semiconductor device further includes an insulating resin
layer formed between the surface of the semiconductor element and the metal wiring.
The metal wiring is preferably formed along a surface of the insulating resin layer.

When the temperature is varied to melt the ball electrode in' the process of
mounting the semiconductor device to the substrate, stresses are generated due to the
difference in thermal expansion coefficient between the semiconductor device and the
substrate. However, these stresses can be absorbed by the insulating resin layer. As a
result, the stresses are reduced, whereby the external electrode portion of the metal wiring
to which the ball electrode is connected can be prevented from being broken by the stresses.

Preferably, the thickness of the external electrode portion is in a range of 10 pm to
20 pm.

In this case, the metal wiring can be reliably prevented from being disconnected at
the external electrode portion, and pattern deformation generated in the process of forming
the external electrode portion having a greater thickness by etching can be suppressed.

6
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According to another aspect of the present invention, a method for manufacturing a
semiconductor device includes: a first step of forming, on a surface of a semiconductor
element having an electrode formed thereon, a metal wiring electrically connected to the
electrode; a second step of forming, on the surface of the semiconductor element and the
metal wiring, an insulating film having an opening which exposes a region of the metal
wiring layer where an external electrode is to be formed; and a third step of forming a
metal-material embedded pbrtion in the opening so that a surface of the metal-material
embedded portion is flush with or higher than a surface of the insulating film.

According to the above manufacturing method, the metal wiring is formed so as to
be electrically connected to the electrode of the semiconductor element. The insulating
film is then formed so as to have an opening which exposes the region of the metal wiring
where an external electrode is to be formed. Thereafter, the metal-material embedded
portion is embedded in the opening so that the surface 'of the metal-material embedded
portion is flush with or higher than the surface of the insulating film. As a result, the
thickness of the external electrode portion (i.e., the total thickness of the metal-material
embedded portion embedded in the opening and the metal wiring located under the metal-
material embedded portion) is greater than the thickness of a non-electrode portion of the
metal wiring, that is, the portion of the metal wiring other than the external electrode
portion. Accordingly, the same effects as those of the semiconductor device of the
present invention can be obtained.

According to the above manufacturing method, the non-electrode porti.on of the
metal wiring (i.e., the portion of the metal wiring other than the external electrode portion)
is covered with the insulating film. This prevents a wiring or electrode of a substrate on
which the semiconductor device is mounted from contacting the non-electrode portion of
the metal wiring of the semiconductor device. Moreover, the surface of the metal-

7
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material emb;added portion, that is, the exposed surface of the external electrode portion, is
flush with or higher than the surface of the insulating film. Therefore, a ball electrode can
be mounted to the external electrode portion without producing a gap therebetween. Asa
result, sufficient junction between the ball electrode and the external electrode portion can
be ensured. When the exposed surface of the external electrode portion is higher than the
surface of the insulating film, a substantial thickness of a metal portion of the external
electrode portion is increased. Therefore, the following effects can be obtained: when Sn
contained in solder of the ball electrode diffuses into Cu contained in the metal wiring, a
Sn-Cu alloy layer having low strength grows in the thickness direction of the external
electrode portion. As described above, however, since the substantial thickness of the
metal portion of the external electrode portion is increased, it is ensured that a greater part
of the external electrode portion is left unchanged into the Sn-Cu alloy in the thickness
direction of the external electrode portion. When the temperature is varied in a process
such as the process of mounting the semiconductor device onto the substrate, stresses are
generated due to the difference in thermal expansion coefficient between the
semiconductor device and the substrate. However, the above structure can more reliably
prevent disconnection of the metal wiring even if such stresses are generated. Note that,
when the exposed surface of the external electrode portion (i.e., the surface of the metal-
material embedded portion) is higher than the surface of the insulating film, the external
electrode portion may be bonded to the wiring electrode of the substrate by solder without
using the ball electrode. In this case, the same effects as those described above can be
obtained.

Preferably, the above manufacturing method further includes, before the first step,
the step of forming an insulating resin film on the surface of the semiconductor element
except the electrode. The first step preferably includes the step of forming the metal

8

SAMSUNG EXHIBIT 1004
Samsung v. Tessera



10

15

20

25

Page 17 of 199

wiring along a surface of the insulating resin layer.

When the temperature is varied to melt a ball electrode in the process of mounting
the semiconductor device to the substrate, stresses are generated due to the difference in
thermal expansion coefficient between the semiconductor device and the substrate.
According to the above manufacturing method, however, these stresses can be absorbed by
the insulating resin layer. As a result, the stresses are reduced, whereby the external
electrode portion of the metal wiring to which the ball electrode is connected can be
prevented from being broken by the stresses.

In the above manufacturing method, the third step may include the step of forming
a metal film on the insulat.ing film so as to completely fill the opening, forming a mask
pattern which covers a region of the metal film located on the opening, removing a region
of the metal film located outside the mask pattern, and removing the mask pattern.

In the above manufacturing method, the third step may include the step of forming
a first metal film on the surface of the insulating film so as to partially fill the opening,
forming a mask pattern which covers a region of the first metal film located outside the
opening, forming a second metal film on a region of the first metal film loéated in the
opening, and removing the mask pattern and the region of the first metal film located
outside the opening.

In the above manufacturing method, the semiconductor element may be provided in
each of a plurality of chip regions of a semiconductor wafer, which are defined by a dicing
line. The method may further include, after the third step, the step of dicing the
semiconductor wafer along the dicing line by a rotating blade in order to divide the
semiconductor wafer into chips of the semiconductor elements.

According to still another aspect of the present invention, a method for
manufacturing a semiconductor device includes: a first step of forming, on a surface of a

]
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semiconductor element having an electrode formed thereon, a metal wiring electrically
connected to the electrode; a second step of forming a projecting electrode on a region of
the metal wiring where an external electrode is to be formed; and a third step of forming an

insulating film on the surface of the semiconductor element and the metal wiring so as to

‘expose at least a top portion of the projecting electrode.

According to the above manufacturing method, the metal wiring is formed so as to
be electrically connected to the electrode of the semiconductor element. The projecting
electrode is then formed on the region of the metal wiring where an external electrode is to
be formed. Thereafter, the insulating film is formed so as to expose at least the top
portion of the projecting electrode. As a result, the thickness of the external electrode
porﬁon (i.e., the total thickness of the projecting electrode and the metal wiring located
thereunder) is greater than the thickness of a non-electrode portion of the metal wiring, that
is, the portion of the metal wiring other than the external electrode portion. Accordingly,
the same effects as those of the semiconductor device of the present invention can be
obtained.

According to the above manufacturing method, the non-electrode portion of the
metal wiring (i.e., the portion of the metal wiring other than the external electrode portion)
is covered with the insulating film. This prevents a wiring or electrode of a substrate on
which the semiconductor device is mounted from contacting the non-electrode portion of
the metal wiring of the semiconductor device. Moreover, the surface of the top portion of
the projecting electrode, that is, the exposed surface of the external electrode portion, is
higher than the surface of the insulating film. Therefore, a ball electrode can be mounted
to the external electrode portion without producing a gap therebetween. As a result,
sufficient junction between the ball electrode and the external electrode portion can be
ensured. Moreover, since the exposed surface of the external electrode portion is higher

10
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than the surface of the insulating film, a substantial thickness of a metal portion of the
external electrode portion is increased. Therefore, the following effects can be obtained:
when Sn contained in solder of the ball electrode diffuses into Cu contained in the metal
wiring, a Sn-Cu alloy layer having low strength grows in the thickness direction of the
external electrode portion. As described above, however, since the substantial thickness
of the metal portion of the external electrode portion is increased, it is ensured that a
greater part of the external electrode portion is left unchanged into the Sn-Cu alloy in the
thickness direction of the external electrode portion. When the temperature is varied in a
process such as the process of mounting the semiconductor device onto the substrate,
stresses are generated due to the difference in thermal expansion coefficient between the
semiconductor device and the substrate. However, the above structure can more reliably
prevent disconnection of the metal wiring even if such stresses are generated. Note that,
when the exposed surface of the external electrode portion (i.e., the top portion of the
projecting electrode) is higher than the surface of the insulating film, the external electrode
portion may be bonded to the wiring electrode of the substrate by solder without using the
ball electrode. In this case, the same effects as those described abo;/e can be obtained.

Preferably, the above manufacturing method further includes, before the first step,
the step of forming an insulating resin film on the surface of the semiconductor element
except the electrode. The first step preferably includes the step of forming the metal
wiring along a surface of the insulating resin layer.

When the temperature is varied to melt a ball electrode in the process of mounting
the semiconductor device to the substrate, stresses are generated due to the difference in
thermal expansion coefficient between the semiconductor device and the substrate.
According to the above manufacturing method, however, these stresses can be absorbed by
the insulating resin layer. As a result, the stresses are reduced, whereby the external
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electrode portion of the metal wiring to which the ball electrode is connected can be
prevented from being broken by the stresses.

In the above manufacturing method, the semiconductor element may be provided in

each of a plurality of chip regions of a semiconductor wafer, which are defined by a dicing

5 line. ;I'he above manufacturing method may further includes, after the third step, the step

of dicing the semiconductor wafer aldng the dicing line by a rotating blade in order to

divide the semiconductor wafer into chips of the semiconductor elements.

BRIEF DESCRIPTION OF THE DRAWINGS
10 FIG. 1 is a cross-sectional view of a semiconductor device according to a first
embodiment of the present invention;
FIG. 2 is a cross-sectional view of the semiconductor device according to the first
embodiment of the present invention;
FIG. 3 is a cross-sectional view of a semicondus:tor device according to a
15 modification of the first embodiment of the present invention,;
FIG. 4 is a cross-sectional view of a semiconductor device according to a second
embodiment of the present invention;
FIG. 5 is a cross-sectional view of the semiconductor device according to the
second embodiment of the present invention;
20 FIG. 6 is a cross-sectional view of a semiconductor device according to a
modification of the second embodiment of the present invention;
FIGs. 7A, 7B, 7C, 7D and 7E illustrate the steps of a method for manufacturing a
semiconductor device according to a third embodiment of the present invention;
FIGs. 8A and 8B illustrate the steps of the method for manufacturing a
25  semiconductor device according to the third embodiment of the present invention;
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FIGs. 9A, 9B, 9C and 9D illustrate the steps of a method for manufacturing a
semiconductor device according to a fourth embodiment of the present invention;
FIGs. 10A, 10B and 10C illustrate the steps of the method for manufacturing a
semiconductor device according to the fourth embodiment of the present invention; |
5 FIGs. 11A, 11B, 11C, 11D and 11E illustrate the steps of a method for
manufacturing a semiconductor device according to a fifth embodiment of the present
invention;
FIGs. 12A, 12B and 12C illustrate the steps of the method for manufacturing a
semiconductor device according to the fifth embodiment of the present invention;
i0 FIGs. 13A, 13B, 13C and 13D illustrate the steps of a method for manufacturing a
semiconductor device according to a sixth embodiment of the present invention;
FIGs. 14A and 14B illustrate the steps of the method for manufacturing a
semiconductor device according to the sixth embodiment of the present invention; and
FIG. 15A is a perspective plan view of a conventional semiconductor device, FIG.
15 15B shows an example of the cross-sectional structure taken along line XV-XV of FIG.

15A, and FIG. 15C shows another example of the cross-sectional structure taken along line

XV-XV of FIG. 15A.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 (First Embodiment)

Hereinafter, a semiconductor device according to the first embodiment of the
present invention will be described with reference to the figures.

FIGs. 1 and 2 are cross-sectional views of the semiconductor device of the first

embodiment.
25 As shown in FIG. 1, electrodes 12 are formed on the surface of a semiconductor
13
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element 11. A passivation film 13 is formed over the surface of the semiconductor
element 11. The passivation film 13 is formed from, e.g., SiN, and has an opening on
each electrode 12. The passivation film 13 protects the surface of the semiconductor
element 11. Metal wirings 14 containing, e.g., Cu are formed on the passivation film 13.
Each metal wiring 14 is electrically connected to a corresponding one of the electrodes 12.
An insulating film 15 is formed on the metal wirings 14 and the passivation film 13. The
insulating film 15 has openings in order to expose a portion of each metal wiring 14 which
functions as an external electrode (hereinafter, referred to as “external electrode portion
14a”). For example, the insulating ﬁlm 15 is a resin film formed from solder resist or the
like. As shown in FIG. 2, in order to electrically connect the electrodes 12 formed on the
surface of the semiconductor element 11 to wiring electrodes of a substrate (not shown) on
which the semiconductor element 11 is mounted, ball electrodes 16, which are formed
from solder, are connected in a molten state to the openings of the insulating film 15, that
is, the external electrode portions 14a of the metal wirings 14, respectively. The
electrodes 12 of the semiconductor element 11 and the wiring electrodes of the substrate
are thus respectively connected to each other through the metal wirings 14 and the ball
electrodes 16.

The present embodiment is characterized in that the thickness (e.g., 14 um) of the
external electrode portion 14a of the metal wiring 14 is greater than that of the other
portion of the metal wiring 14 (hereinafter, referred to as “non-electrode portion”). For
example, such external electrode portions 14a having a greater thickness is formed by the
following method: first, the insulating film 15 is formed. Openings are formed in the
insulating film 15 at positions where the ball electrodes 16 are to be mounted on the Cu-
containing metal wirings 14, respectively. Thereafter, the openings are filled with a metal
material (more specifically, Cu). The external electrode portions 14a having a greater
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thickness are thus formed. In this case, the thickness of the external electrode portion 14a
is equal to the total thickness of the metal wiring 14 and the portion filled with the metal
material (hereinafier, referred to as “metal-material embedded portion™).

According to the first embodiment, in each metal wiring 14 electrically connected

to a corresponding one of the electrodes 12, the thickness of the external electrode portion

'14a is greater than that of the non-electrode portion. The external electrode portions 14a

and the wiring electrodes of the substrate on which the semiconductor device is mounted
are respectively connected to each other by the ball electrodes 16. When the metal
wirings 14 contain, e.g., Cu (which is a commonly used metal wiring material), Sn
contained in solder of the ball electrode 16 diffuses into Cu contained in the metal wiring
14, whereby a Sn-Cu alloy layer having low strength grows in the thickness direction of"
the external electrode portion 14a. However, since the thickness of the external electrode
portion 14a of the metal wiring 14 is greater than that of the non-electrode portion of the
metal wiring 14, this Sn-Cu alloy layer can be prevented from growing through the entire
thickness of the external electrode portion 14a. In other words, it is ensured that the
thickness of the Sn-Cu alloy layer in the external electrode portion 14a is smaller than the
thickness of the external electrode portion 14a. Since a part of the external electrode
portion 14a is left unchanged into the Sn-Cu alloy layer, the strength of the metal wiring 14
can be maintained even if Cu is used as a metal wiring material. The semiconductor
element 11, the resin film covering the surface of the semiconductor element 11, and the
substrate have different thermal expansion coefficients. Therefore, when the temperature
is varied in the process of hardening the resin film covering the surface of the
semiconductor element 11 or the process of mounting the semiconductor device onto the
substrate, stresses are generated due to such a difference in thermal expansion coefficient.
Even if such stresses are generated, however, the above structure of the first embodiment
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can prevent the Sn-Cu alloy layer having low strength from being broken and thus can
prevent disconnection of the metal wirings 14.

-More specifically, in the first embodiment, the thickness of the non-electrode
portion of the metal wiring 14 is preferably in the range of 0.01 pum to 8 pm, and more
preferably in the range of 0.01 um to 4 um. The reason for this is as follows: if the
thickness of the metal wiring 14 is less than 0.01 um, the strength of the metal wiring 14 is
reduced, causing disconnection and the like. If the thickness of the metal wiring 14 is -
greater than 8 pm, it is difficult to etch the metal film for forming the metal wirings 14.
This makes it difficult to reduce the size of the wiring pattern of the metal wirings 14.

In the first embodiment, the thickness of the external electrode portion 14a of the
metal wiring 14 (e.g., the total thickness of the non-electrode portion of the metal wiring
14 and the metal-material embedded portion) is preferably in the range of 10 um to 20 pm.
The reason for this is as follows: the inventors fabricated a plurality of semiconductor
device samples so that the external electrode portion 14a of each metal wiring 14 has a
greater thickness than the non-electrode portion of the metal wiring 14. Such extemnal
electrode portions 14a were formed by forming the metal-material embedded portion in
each opening of the insulating film 15 (i.e., on each region where an external electrode is
to be formed; hereinafter, referred to as “external-electrode formation region”). In these
semiconductor device samples, the thickness of the external electrode portion 14a was 5
pm, 7 um, 9 um and 11 pm, respectively. After each semiconductor aevicg sample was
mounted on a substrate, a temperature cycle test (environment reliability test) was
conducted in order to determine whether or not each semiconductor device sample is
capable of preventing disconnection of the metal wirings 14. In the temperature cycle test,
each semiconductor device sample mounted on the substrate was repeatedly subjected to

the temperatures of —40°C and 80°C. In this experimentation, 1,000 cycles were

16

SAMSUNG EXHIBIT 1004
Samsung v. Tessera



10

15

20

25

Page 25 of 199

conducted in the temperature cycle test. In each cycle, the temperature was varied from
—40°C to 80°C and then reduced back to —-40°C. The following result was obtained by
the temperature cycle test: when the thickness of the external electrode portion 14a (the
total thickness of the metal wiring 14 and the metal-material embedded portion) is 5 pm,
the metal wiring 14 was disconnected at 50 cycles. For 7 um, the metal wiring 14 was
disconnected at 200 cycles. For 9 um, the metal wiring 14 was disconnected at 700
cycles. For 11 um, the metal wiring 14 was not disconnected. The above
experimentation result shows that the thicker the external electrode portion 14a is, the less
the metal wiring 14 is likely to be disconnected. More specifically, the metal wiring 14 is
less likely to be disconnected when the thickness of the external electrode portion 14a is
about 10 pm or more. Note that the external electrode portion 14a having a greater
thickness than the non-electrode portion of the metal wiring 14 is herein formed using the
metal-material embedded portion. In this case, if the thickness of the external electrode

portion 14a exceeds 20 um, greater pattern deformation would be generated in the process
of forming the metal-material filling portion by a wet etching method.

According to the first embodiment, the portion of the metal wiring 14 other than the
external electrode portion 14a (i.e., the non-electrode portion of the metal wiring 14) is
covered with the insulating film 15. This prevents wirings or electrodes of the substrate
on which the semiconductor device is mounted from contacting the non-electrode portions
of the metal wirings 14 of the semiconductor device. It is preferable that the exposed
surface of the external electrode portion 14a is flush with or higher than the surface of the
insulating film 15 (in the specification, the term “flush” also includes “approximately
flush™). In other words, it is preferable that the thickness of the external electrode portion
14a is equal to or greater than that of the insulating film 1S (in the specification, the term
“equal™ also includes “approximately equal”). The reason for this is as follows: if the
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external electrode portion 14a is thinner than the insulating film 15, the ball electrode 16
cannot be mounted to the external electrode portion 14a (that is, the opening of the
insulating film 15) without producing a gap therebetween. As a result, sufficient junction
between the ball electrode 16 and the external electrode portion 14a cannot be ensured.

Note that, in the first embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, titanium (Ti),
tungsten (W), chromium (Cr), aluminum (Al) or the like may be used. Alternatively,
another conductive metal material may be used. However, forming the metal wiring 14
from a Cu-containing metal enables reduction in resistance of the metal wiring 14.

(Modification of First Embodiment)

Hereinafter, a semiconductor device according to a modification of the first
embodiment will be described with reference to the figures.

FIG. 3 is a cross-sectional view of the semiconductor device according to the
modification of the first embodiment. Note that, in the modification of the first
embodiment, the same elements‘ as those of the semiconductor device of the first
embodiment in FIG. 1 are denoted with the same reference numerals and characters, and
description thereof is omitted.

As shown in FIG. 3, electrodes 12-are formed on the surface of a semiconductor
element 11. A passivation film 13 is formed over the surface of the semiconductor
element 11. The passivation film 13 has an opening on each electrode 12. Metal
wirings 14 are formed on the passivation film 13. Each metal wiring 14 is electrically
connected to a corresponding one of the electrodes 12. An insulating film 15 is formed
on the metal wirings 14 and the passi;fation film 13. The insulating film 15 has openings
in order to expose a portion of each metal wiring 14 which functions as an external
electrode (hereinafter, referred to as “external electrode portion 14b”).
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The modification of the first embodiment is different from the first embodiment in
that each external electrode portion 14b has a mushroom-like projectioﬁ over a
corresponding one of the openings of the insulating film 15. The mushroom-like
projection is larger than the opening of the insulating film 15. Therefore, the exposed
surface of the external electrode portion 14b is higher than the surface of the insulating
film 15. As a result, a substantial thickness of a metal portion of the external electrode
portion 14b is larger than that of the external electrode portion 14a of the first embodiment
in FIG. 1. Therefore, the following effects can be obtained: when the external electrode
portions 14b and wmng electrodes of a substrate on which the semiconductor device is
mounted are respectively connected to each other by ball electrodes formed from solder,
Sn contained in solder of the ball electrode diffuses into Cu contained in the metal wiring
14. As a result, a Sn-Cu alloy layer having low strength grows in the thickness direction
of the external electrode portion 14b. As described above, however, the substantial
thickness of the metal portion of the external electrode portion 14b is larger than that of the
external electrode portion 14a of the first embodiment in FIG. 1. It is therefore ensured
that a greater part of the external electrode portion 14b is left unchanged into the Sn-Cu
alloy in the thickness direction of the external electrode portion 14b. When the
temperature is varied in a process such as the process of mounting the semiconductor
device onto the substrate, stresses are generated due to the difference in thermal expansion
coefficient between the semiconductor device and the substrate. However, the above
structure of the modification of the first embodiment can more reliably prevent
disconnection of the metal wirings 14 even if such stresses are generated.

Note that, in the modification of the first embodiment, the external electrode’
portions 14b may be bonded to the wiring electrodes of the substrate by solder without
using the ball electrodes. In this case, the same effects as those described above can be
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obtained.

(Second Embodiment)

Hereinafter, a semiconductor device according to the second embodiment of the
present invention will be described with reference to the figures.

FIGs. 4 and 5 are cross-sectional views of the semiconductor device of the second
embodiment. Note that, in the second embodiment, the same elements as those of the
semiconductor device of the first embodiment in FIG. 1 are denoted with the same
reference numerals and characters, and description thereof is partly omitted.

As shown in FIG. 4, electrodes 12 are formed on the surface of a semiconductor
element 11. A passivation film 13 is formed over the surface of the semiconductor
element 11. The passivation film 13 has an opening on each electrode 12. An insulating
resin layer 17 is formed on the passivation film 13 excluding the regions near the
electrodes 12. For example, the insulating resin layer 17 is formed from an epoxy resin -
having low elasticity. Metal wirings 14 are formed along the surface of the insulating
resin layer 17. Each metal wiring 14 is electrically connected to a corresponding one of
the electrodes 12. An insulating film 15 is formed on the metal wirings 14, the insulating
resin layer 17 and the passivation film 13. The insulating film 15 has openings in order to
expose a portion of each metal wiring 14 which functions as an external electrode
(hereinafter, referred to as “external electrode portion 14a”). For example, the insulating
film 15 is a resin film formed from solder resist or the like. As shown in FIG. §, in order
to electrically connect the electrodes 12 formed on the surface of the semiconductor
element 11 to wiring electrodes of a substrate (not shown) on which the semiconductor
element 11 is mounted, ball electrodes 16, which are formed from solder, are connected in
a molten state to the openings of the insulating film 15, that is, the external electrode
portions 14a of the metal wirings 14, respectively. The electrodes 12 of the
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semiconductor element 11 and the wiring electrodes of the substrate are thus respectively
connected to each other through the metal wirings 14 and the ball electrodes 16.

A first characteristic of the second embodiment is that, like the first embodiment,
the thickness of the external electrode portion 14a of the metal wiring 14 is greater than
that of the other portion of the metal wiring 14 (i.e., the non-electrode portion).

A second characteristic of the second embodiment is that, as descried above, the
insulating resin layer 17, which is formed from an epoxy resin having low elasticity or the
like, is formed between the metal wirings 14 each electrically connected to a corresponding
one of the electrodes 12 of the semiconductor element 11 and the passivation film 13
formed over the surface of the semiconductor element 11.

According to the second embodiment, the following effects can be obtained in
addition to the effects of the first embodiment (which are obtained by the first
characteristic): when the temperature is varied to melt the ball electrodes 16 in the process
of mounting the semiconductor device to the substrate, stresses are generated due to the
difference in thermal expansion coefficient between the semiconductor device and the
substrate. However, these stresses can be absorbed by the insulating resin layer 17. As
a result, the stresses are reduced, whereby the external electrode portion 14a of the metal
wiring 14 to which the ball electrode 16 is connected can be prevented from being broken
by the stresses.

According to the second embodiment, the portion of the metal wiring 14 other than
the external electrode portion 14a (i.e., the non-electrode portion of the metal wiring 14) is
covered with the insulating film 15. This prevents wirings or electrodes of the substrate
on which the semiconductor device is mounted from contacting the non-electrode portions
of the metal wirings 14 of the semiconductor device. It is preferable that the exposed
surface of the external electrode portion 14a is flush with or higher than the surface of the
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insulating film 15. In other words, it is preferable that the thickness of fhe external
electrode portion 14a is equal to or greater than that of the insulating film 15 on the
insulating resin layer 17. The reason for this is as follows: if the extemal‘ electrode
portion 14a is thinner than the insulating film 15 on the insulating resin layer 17, the ball
electrode 16 cannot be mounted to the external electrode portion 14a (that is, the opening
of the insulating film 15) without a gap therebetween. As a result, sufficient junction
between the ball electrode 16 and the external electrode portion 14a cannot be ensured.

Note that, in the second embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the
like may be used. Alternatively, another conductive metal material may be used.
However, forming the metal wiring 14 from a Cu-containing metal enables reduction in
resistance of the fnetal wiring 14.

(Modification of Second Embodiment)

Hereinafter, a semiconductor device according to a modification of the second
embodiment will be described with reference to the figures.

FIG. 6 is a cross-sectional view of the semiconductor device according to the
modification of the second embodiment. Note that, in the modification of the second
embodiment, the same elements as those of the semiconductor device of the first
embodiment in FIG. 1 or the semiconductor device of the second embodiment in FIG. 4
are denoted with the same reference numerals and characters, and description thereof is
partly omitted.

As shown in FIG. 6, electrodes 12 are formed on the surface of a semiconductor
element 11. A passivation film 13 is formed over the surface of the semiconductor
element 11. The passivation film 13 has an opening on each electrode 12. An insulgting
resin layer 17 is formed on the passivation film 13 excluding the regions near the
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electrodes 12. For example, the insulating resin layer 17 is formed from an epoxy resin
having low elasticity. Metal wirings 14 are formed along the surface of the insulating
resin layer 17. Each metal wiring 14 is electrically com"nected to a corresponding one of
the electrodes 12.  An insulating film 15 is formed on the metal wirings 14, the insulating
resin layer 17 and the passivation film 13. T he insuiatir;g film 15 has openings in order to
expose a portion of each metal wiring 14 which functions as an external electrode
(hereinafter, referred to as “external electrode portion 14b”).

The modification of the second embodiment is different from the second
embodiment in that each external electrode portion 14b has a mushroom-like projection
over a corresponding one of the openings of the insulating film 15. The mushroom-like
projection is larger than the opening of the insulating film 1S. Therefore, the exposed
surface of the external electrode portion 14b is higher than the surface of the insulating
film 1S. As a result, a substantial thickness of a metal portion of the external electrode
portion 14b is larger than that of the external electrode portion 14a of the second
embodiment in FIG. 4. Therefore; the following effects can be obtained: when the
external electrode portions 14b and wiring electrodes of a substrate on which the
semiconductor device is mounted are respectively connected to each other by ball
electrodes formed from solder, Sn contained in solder of the ball electrode diffuses into Cu
contained in the metal wiring 14. As a result, a Sn-Cu alloy layer having low strength
grows in the thickness direction of the external electrode portion 14b. "As described
above, however, the substantial thickness of the metal portion of the external electrode
portion 14b is larger than that of the external electrode portion 14a of the second
embodiment in FIG. 4. It is therefore ensured that a greater part of the external electrode
portion 14b is left unchanged into the Sn-Cu alloy in the thickness direction of the external
electrode portion 14b. When the temperature is varied in a process such as the process of
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mounting the semiconductor device onto the substrate, stresses are generated due to the
difference in thermal expansion coefficient between the semiconductor device and the
substrate. However, the above structure of the modification of the second embodiment
can more reliably prevent disconnection of the metal wirings 14 even if such stresses are
generated.

Note that, in the modification of the second embodiment, the external electrode
portions 14b may be bonded to the wiring electrodes of the substrate by solder without
using the ball electrodes. In this case, the same effects as those described above can be
obtained.

(Third Embodiment)

Hereinafter, a method for manufacturing a semiconductor device according to the
third embodiment of the present invention will be described with reference to the figures.
Note that the manufacturing method of the third embodiment is a' method for
manufacturing the semiconductor device of the first embodiment.

FIGs. 7A to 7E and FIGs. 8A, 8B illustrate the steps of the method for
manufacturing a semiconductor device according to the third embodiment. FIGs. 7A and
8A are perspective views, and FIGs. 7B to 7E and FIG. 8B are cross-sectional views. In
the third embodiment, the same elements as those of the semiconductor device of the first
embodiment in FIGs. 1 and 2 are denoted with the same reference numerals and characters.

. As shown in FIG. 7A, a semiconductor wafer 10 having a plurality of
semiconductor elements 11 formed thereon is prepared. The semiconductor wafer 10 has
a plurality of chip regions Rayp defined by dicing lines 10a. Each semiconductor element
11 is provided in a corresponding one of the plurality of chip regions Rep of the
semiconductor wafer 10. The following description will be given for the semiconductor
element 11 provided in one of the plurality of chip regions Remsp.
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As shown in FIG. 7B, a passivation film 13 is formed over the surface of the
semiconductor element 11 having electrodes 12 formed thereon. For example, the
passivation film 13 is formed from SiN. The passivation film 13 has an opening on each
electrode 12. Metal wirings 14 containing, e.g., Cu are then formed on the passivation
film 13 so as to be electrically connected to the electrodes 12, respectively. More
specifically, the metal wirings 14 are formed as follows: a titanium tungsten (TiW) layer
and a Cu layer are sequentially formed on the passivation film 13 by a sputtering method.
The TiW layer and the Cu layer are then etched by using a mask which covers the regions
where the metal wirings are to be formed (hereinafter, referred to as metal-wiring
formation regions). The mask is formed from a photoresist material. The metal wirings
14 having a desired pattern are thus formed. The resist mask is then removed.

As shown in FIG. 7C, an insulating film 15 is formed on the passivation film 13
and the metal wirings 14. Openings are then formed in the insulating film 15 so as to
expose a predetermined region of each metal wiring 14 (a region where an external
electrode is to be formed; hereinafter, referred to as “external-electrode formation region™)
by an etching method using a resist material (not shown). For example, the insulating
film 15 is a resin film having a thickness of 12 um, and is formed from solder resist or the
like. In the present embodiment, the insulating film 15 is formed from a photosensitive
material. Therefore, the opening pattern of the insulating film 15 is formed by using a
photolithography method capable of forming a fine pattern.

As shown in FIG. 7D, a metal film 18 is formed on the insulating film 15 by, e.g,,
an electroplating method so as to completely fill the openings of the insulating film 15.
For example, the metal film 18 is formed from Ti and Cu. A resist mask 19 is then
formed so as to cover the regions of the metal film 18 on the openings of the insulating
film 15.
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When the electroplating method is used in the step of FIG. 7D, wirings (not shown)
formed in the dicing lines 10a of the semiconductor wafer 10 in FIG. 7A serve as a power
feeding point of the electroplating method. These wirings are formed simultaneously
with the metal wirings 14 by e.g., a sputtering method.

As shown in FIG. 7E, the portion of the metal film 18 located outside the resist
mask 19 (i.e., the exposed portion of the metal film ;8) is removed by, e.g., a wet etching
method. As a result, metal-material embedded portions 18A are formed by the metal film
18 embedded in the openings of the insulating film 15. The resist mask 19 is then
removed. Note that the surface of the metal-material embedded portions 18A is flush
with or higher than the surface of the insulating film 15. As a result, the total thickness of
the metal-material embedded portion 18A and the metal wiring 14 located thereunder is
greater than the thickness of the portion of the metal wiring 14 other than the external
electrode portion (i.e., the non-electrode portion of the metal wiring 14).

As shown in FIG. 8A, after the semiconductor elements 11 in the respective chip
regions Renip of the semiconductor wafer 10 are subjected to the steps of FIGs. 7B to 7E,
the semiconductor wafer 10 is diced along the dicing lines 10a into individual chips by a
rotating blade 20. In this step, the wirings serving as a power feeding point in the
electroplating method in the step of FIG. 7D are also cut in order to discontinue current
application through the wirings.

As shown in FIG. 8B, in order to electrically connect the electrodes 12 formed on
the surface of the semiconductor element 11 to respective wiring electrodes of a substrate
(not shown) on which the semiconductor element 11 is mounted, a ball electrode 16 is
mounted on each metal-material embedded portion 18A (i.e., the external electrode portion
of each metal wiring 14). For example, the ball electrodes 16 are formed from solder or
Cu. The ball electrodes 16 may be formed from solder by printing solder paste to the
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metal-material embedded portions 18A by, e.g., a screen printing method and then
reflowing the solder paste.

As has been described above, according to the third embodiment, the metal wirings
14 are formed so as to be electrically connected to the electrodes 12 of the semiconductor
element 11, respectively. The insulating film 15 is then formed, and openings are formed
in the insulating film 15 so as to expose the external-electrode formation regions of the
metal wirings 14. Thereafier, the metal-material embedded portions 18A are embedded
in the respective openings so that the surface of the metal-material embedded portions 18A
is flush with or higher than the surface of the insulating film 15. Accordingly, the
thickness of the external electrode portion of the metal wiring 14 (i.e., the total thickness of
the metal-material embedded portion 18A embedded in the opening of the insulating film
15 and the metal wiring 14 located under the metal-material embedded portion 18A) is
greater than the thickness of the portion of the metal wiring 14 other than the external
electrode portion (i.e., the non-electrode portion of the metal wiring 14). As a result, the
same effects as those of the semiconductor device of the first embodiment can be obtained.
More specifically, the metal-material embedded portions 18A, that is, the external
electrode portions, and the wiring electrodes of the substrate on which the semiconductor
device is mounted are respectively connected to each other by the ball electrodes 16.
When the metal wirings 14 contain, e.g., Cu (which is a commonly used metal wiring
materiai), Sn contained in solder of the ball electrode 16 diffuses into Cu contained in the
metal-material embedded portion 18A or the metal wiring 14, whereby a Sn-Cu alloy layer
having low strength grows in the thickness direction of the external electrode portion.
However, since the thickness of the external electrode portion of the metal wiring 14 is
greater than that of the non-electrode portion of the metal wiring 14, this Sn-Cu alloy layer
can be prevented from growing through the entire thickness of the external electrode
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portion. In other words, 1t is ensured that the thickness of the Sn-Cu alloy layer in the
external electrode portion is smaller than the thickness of the external electrode portion.
Since a part of the external electrode portion is left unchanged into the Sn-Cu alloy layer,
the strength of the metal wiring 14 can be maintained even if Cu is used as a metal wiring
material. The semiconductor element 11, the resin film covering the surface of the
semiconductor element 11, and the substrate have different thermal expansion coefficients.
Therefore, when the temperature is varied in the process of hardening the resin film
covering the surface of the semiconductor element 11 or the process of mounting the
semiconductor device onto the substrate, stresses are generated due to such a difference in
thermal e;(pansion coefficient. Even if such stresses are generated, however, the above
structure of the third embodiment can prevent the Sn-Cu alloy layer having low strength
from being broken and thus can prevent disconnection of the metal wirings 14.

According to the third embodiment, the portion of the metal wiring 14 other than
the external electrode portion (i.e., the non-electrode portion of the metal wiring 14) is
covered with the insulating film 1S. This prevents wirings or electrodes of the substrate
on which the semiconductor device is mounted from contacting the non-electrode portions
of the metal wirings 14 of Fhe semiconductor device. The surface of the metal-material
embedded portion 18A, that is, the exposed surface of the external electrode portion, is
flush with or higher than the surface of the insulating film 15. In other words, the
thickness of the external electrode portion (the total thickness of the metal-material
embedded portion 18A and tﬁe metal wiring 14 located thereunder) is equal to or greater
than that of the insulating film 15. Therefore, the following effects can be obtained: the
ball electrode 16 can be mounted to the external electrode portion (the metal-material
embedded portion 18A) without producing a gap therebetween. As a result, sufficient
junction between the ball electrode 16 and the external electrode portion can be ensured.
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In the third embodiment, the exposed surface of the external electrode portion (the
surface of the metal-material embedded portion 18A) may be higher than the surface of the

insulating film. In this case, a substantial thickness of a metal portion of the external

‘electrode portion is increased. Accordingly, the following effects can be obtained: when

Sn contained in solder of the ball electrode 16 diffuses into Cu contained in the metal-
material embedded portion 18A or the metal wiring 14, a Sn-Cu alloy layer having low
strength grows in the thickness direction of the external electrode portion. As described
above, however, since the substantial thickness of the metal portion of the external
electrode portion is increased, it is ensured that a greater part of the external electrode
portion is left unchanged into the Sn-Cu alloy in the thickness direction of the external
electrode portion. When the temperature is varied in a process such as the process of
mounting the semiconductor device onto the substrate, stresses are generated due to the
difference in thermal expansion coefficient between the semiconductor device and the
substrate. However, the above structure of the third embodiment can more reliably
prevent disconnection of the metal wirings 14 even if such stresses are generated. Note
that, when the exposed surface of the external electrode portion (the surface of the metal-
material embedded portion 18A) is higher than the surface of the insulating film 15, the
external electrode portions may be bonded to the wiring electrodes of the substrate by
solder without using the ball electrodes 16. In this case, the s#me effects as those
described above can be obtained.

Note that, in the third embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the
like may be used. Alternatively, another conductive metal material may be used.
However, forming the metal wiring 14 from a Cu-containing metal enables reduction in
resistance of the metal wiring 14.
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In the third embodiment, the TiW layer and the Cu layer for forming the metal
wirings 14 are sequentially formed by a sputtering method. However, the TiW layer and
the Cu layer may alternatively be formed by a plating method, a screen printing method or
the like.

In the third embodiment, the insulating film 15 is formed from a photosensitive
material, and the opening pattern of the insulating film 15 is formed by a photolithography
method capable of forming a fine pattern. However, the insulating film 15 may
alternatively be formed from a non-photosensitive material, and the opening pattern of the
insulating film 15 may alternatively be formed by a screen printing method or the like.

In the third embodiment, the metal film 18, that is, the metal-material embedded
portions 18A, are formed from Ti and Cu. However, the metal film 18, that is, the metal-
material embedded portions 18A, may alternatively be formed from a material mainly
containing TiW, Cr, nickel (Ni), gold (Au) or the like. If the metal film 18 is formed by
an electroplating method, the metal film 18, fhat is, the metal-material embedded portions
18A, may be formed from a material mainly containing Au, silver (Ag), palladium (Pd),
lead (Pb), Ni or the like.

In the third embodiment, the surface of the metal-material embedded portions 18A
is flush with or higher than the surface of the insulating film 15. In other words, the
thickness of the external electrode portion (i.e., the total thickness of the metal-material
embedded portion 18A and the metal wiring 14 located thereunder) is equal to or greater
than the thickness of the insulating film 15. More specifically, the thickness of thé
external electrode portion is preferably in the range of 10 um to 20 um. If the thickness
of the external electrode portion exceeds 20 pm, greater pattern deformation would be
generated in the process of forming the metal-material embedded portions by a wet etching
method.
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In the third embodiment, the metal film 18 is formed by an electroplating_method.
However, the metal film 18 may alternatively be formed by an electroless plating method,
a screen printing method or the like.
In the third embodiment, it is preferable to form an insulating resin layer on the
5  passivation film 13 excluding the regions near the electrodes 12 before the metal wirings
14 are formed, and to form the metal wirings 14 along the surface of the insulating resin
. layer. In this case, the following effects can be obtained: when the temperature is varied
to melt the ball electrodes 16 in the process of mounting the semiconductor device to the
substrate, stresses are generated due to the difference in thermal expansion coefficient
10 between the semiconducter device and the substrate. However, these stresses can be
absorbed by the insulating resin layer. As a result, the stresses are reduced, whereby the
external electrode portion of the metal wiring 14 to which the ball electrode 16 is
connected can be prevented from being broken by the stresses.
(Fourth Embodiment)
15 Hereinafter, a method for manufacturing a semiconductor device according to the
fourth embodiment of the present invention will be described with reference to the figures.
Note that the manufacturing method of the fourth embodiment is a method for
manufacturing the semiconductor device of the modification of the second embodiment.
FIGs. 9A to 9D and FIGs. 10A to 10C illustrate the steps of the method for
20  manufacturing a semiconductor device according to the fourth embodiment. FIGs. 9A
and 10B are perspective views, and FIGs. 9B to 9D and FIGs. 10A, 10C are cross-
sectional views. In the fourth embodiment, the same elements as those of the third
embodiment in FIGs. 7A to 7E and FIGs. 8A, 8B are denoted with the same reference
numerals and characters, and description thereof is partly omitted.
25 As shown in FIG. 9A, a semiconductor wafer 10 having a plurality of
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semiconductor elements 11 formed thereon is prepared. The semiconductor wafer 10 has
a plurality of chip regions Reip defined by dicing lines 10a.  Each semiconductor element
11 is provided in a corresponding one of the plurality of chip regions Reaup of the
semiconductor wafer 10. The following description will be given for the semiconductor
element 11 provided in one of the plurality of chip regions Repsp.

As shown in FIG. 9B, a passivation film 13 is formed over the surface of the
semiconductor element 11 having electrodes 12 formed thereon. For example, the
passivation film 13 is formed from SiN. The passivation film 13 has an opening on each
electrode 12.  An insulating resin layer 17 is then formed on the passivation film 13
excluding the regions near the electrodes 12. For example, the insulating resin layer 17 is
formed from an epoxy resin having low elasticity. In the present embodiment, the low-
elasticity resin material of the insulating resin layer 17 is a photosensitive material. The
insulating resin layer 17 having a desired pattern is formed by patterning a film of the
photosensitive material by a photolithography method.

As shown in FIG. 9C, metal wirings 14 are formed along the surface of the
insulating resin layer 17 so as to be electrically connected to the electrodes 12, respectively.
For example, the metal wirings 14 have a thickness of 5 um and are formed from Cu.
More specifically, a Cu layer is formed on the insulating resin layer 17 by a sputtering
method.

As shown in FIG. 9D, an insulating film 15 is formed on the passivation film 13,
the insulating resin layer 17 and the metal wirings 14. Openings are then formed in the
insulatihg film 15 so as to expose a predetermined region (external-electrode formation
region) of each metal wiring 14. For example, the insulating film 15 is a resin film
formed from solder resist or the like.

As shown in FIG. 10A, metal-material embedded portions 21 are formed in the
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openings of the insulating film 15 so as to be connected to the metal wirings 14,
respectively. The thickness of the metal-material embedded portions 21 is greater than
that of the insulating film 15. More specifically, the metal-material embedded portions 21
are formed from Cu, and formed by an electroless plating method. As a result, the top
portions of the metal-material embedded portions 21 projecting from the surface of the
insulating film 15 serve as projecting electrodes. The thickness of the external electrode
portion (the total thickness of the metal-material embedded portion 21 and the metal wiring
14 located thereunder) is larger than that of the portion of the metal wiring 14 other than
the external electrode portion (the non-electrode portion of the metal wiring 14).

As shown in FIG. 10B, after the semiconductor elements 11 in the respective chip
regions Rewp Of the semiconductor wafer 10 are subjected to the steps of FIGs. 9B to 9D
and FIG. 10A, the semiconductor wafer 10 is diced along the dicing lines 10a by a rotating
blade 20. As a result, individual chips of the semiconductor elements 11 are obtained as
shown in FIG. 10C.

As has been described above, according to the fourth embodiment, the following
effects can be obtaineci in addition to the effects of the third embodiment: when the
temperature is varied to melt the ball electrodes in the process of mounting the
semiconductor device to the substrate (the ball electrodes are mounted to the external
electrode portions of the metal wirings 14, and each external electrode portion is formed by
the metal-material embedded portion 21 and the metal wiring 14 located thereunder),
stresses are generated due to the difference in thermal expansion coefficient between the
semiconductor device and the substrate. However, these stresses can be absorbed by the
insulating resin layer 17. As a result, the stresses are reduced, whereby the external
electrode portion of the metal wiring 14 to which the ball electrode is connected can be
prevented from being broken by the stresses.
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According to the fourth embodiment, the portion of the metal wiring 14 other than
the external electrode portion (i.e., the non-electrode poﬁion of the metal wiring 14) is
covered with the insulating film 15. This prevents wirings or electrodes of the substrate
on which the semiconductor device is mounted from contacting the non-electrode portions
of the metal wirings 14 of the semiconductor device. The surface of the metal-material
embedded portion 21, that is, the exposed surface of the external electrode portion, is
higher than the surface of the insulating film 15. In other words, the thickness of the
external electrode portion is greater than that of the insulating film 15. Therefore, the
following effects can be obtained: the ball electrode can be mounted to the external
electrode portion (the metal-material embedded portion 21) without producing a gap
therebetween. As a result, sufficient junction between the ball electrode and the external
electrode portion can be ensured. Moreover, whén Sn contained in solder of the ball
electrode diffuses into Cu contained in the metal-material embedded portion 21 or the
metal wiring 14, a Sn-Cu alloy layer having low strength grows in the thickness direction
of the external electrode portion. According to the above structure of the fourth
embodiment, however, it is ensured that a greater part of the external electrode portion is
left unchanged into the Sn-Cu alloy in the thickness direction of the external electrode
portion. When the temperature is varied in a process such as the process of mounting the
semiconductor device onto the substrate, stresses are generated due to the difference in
thermal expansion coefficient between the semiconductor device and the substrate.
However, the above structure of the fourth embodiment can more reliably prevent
disconnection of the metal wirings 14 even if such stresses are generated. Note that,
when the exposed surface of the external electrode portion (the surface of the metal-
material embedded portion 21) is higher than the surface of the insulating film 15, the
external electrode portions may be bonded to the wiring electrodes of the substrate by
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solder without using the ball electrodes. In this case, the same effects as those described
above can be obtained.

Note that, in the fourth embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the
like may be used. Alternatively, another conductive metal material may be used.
However, forming the metal wiring 14 from a Cu-containing metal enables reduction in
resistance of the metal wiring 14.

In the fourth embodiment, the Cu layer for forming the metal wirings 14 is formed
by a sputtering method. However, the Cu layer may alternatively be formed by a plating
method, a screen printing method or the like.

In the fourth embodiment, the metal-material embedded portions 21 are formed
from Cu. However, another metal material (e.g., a metal material used in another
embodiment) may alternatively be used.

In the fourth embodiment, the metal-material embedded portions 21 are formed by
an electroless plating method. However, the metal-material embedded portions 21 may
alternatively be formed by, e.g., an electroplating method.

In the fourth embodiment, the surface of the metal-material embedded portions 21
is higher than the surface of the insulating film 15. However, the surface of the metal-
material embedded portions 21 may alternatively be flush with the surface of the insulating
film 15. In this case, a semiconductor device having the same structure as that of the
semiconductor device of the second embodiment is obtained. Note that the thickness of
the external electrode portion (the total thickness of the metal-material embedded portion
21 and the metal wiring 14 located thereunder) is preferably in the range of 10 um to 20
pm.

(Fifth Embodiment)
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Hereinafter, a method for manufacturing a semiconductor device according -to the
fifth embodiment of the present invention will be described with reference to the figures.
Note that, like the third embodiment, the manufacturing method of the fifth embodiment is
a method for manufacturing the semiconductor device of the first embodiment.

FIGs. 11A to 11E and FIGs. 12A to 12C illustrate the steps of the method for
manufacturing a semiconductor device according to the fifth embodiment. FIGs. l}lA and
12B are perspective views, and FIGs. 11B to 11E and FIGs. 12A, 12C are cross-sectional
views. In the fifth embodiment, the same elements as those of the semiconductor device
of the third embodiment in FIGs. 7A to 7E and FIGs. 8A, 8B are denoted with the same
reference numerals and characters.

As shown in FIG. 11A, a semiconductor wafer 10 having a plurality of
semiconductor elements 11 formed thereon is prepared. The semiconductor wafer 10 has
a plurality of chip regions Rap defined by dicing lines 10a. Each semiconductor element
11 is provided in a corresponding one of the plurality of chip regions Rayp of the
semiconductor wafer 10. The folllowing description will be given for the semiconductor
element 11 provided in one of the plurality of chip regions Rensp.

As shown in FIG. 11B, a passivation film 13 is formed over the surface of the
semiconductor element 11 having electrodes 12 formed thereon. For example, the
passivation film 13 is formed from SiN. The passivation film 13 has an opening on each
electrode 12. Metal wirings 14 containing, e.g., Cu are then formed on the passivation
film 13 so as to be electrically connected to the electrodes 12, respectively. More
specifically, the metal wirings 14 are formed as follows: a TiW layer and a Cu layer are
sequentially formed on the passivation film 13 by a sputtering method. The TiW layer
and the Cu layer are then etched by using a mask which covers the regions where the metal
wirings are to be formed (i.e., the metal-wiring formation regions). The mask is formed
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from a photoresist material. The metal wirings 14 having a desired pattern are thus
formed. The resist mask is then removed.

As shown in FIG. 11C, an insulating film 15 is formed on the passivation film 13

~ and the metal wirings 14. Openings are then formed in the insulating film 15 so as to

expose a predetermined region of each metal wiring 14 (a region where an external
electrode is to be formed, i.e., an external-electrode formation region). For example, the
insulating film 15 is a resin film having a thickness of 12 um, and is formed from solder
resist or the like. In the present embodiment, the insulating film 15 is formed from a
photosensitive material. Therefore, the opening pattern of the insulating film 15 is
formed by using a photolithography method capable of forming a fine pattern.

As shown in FIG. 11D, a first metal film 22 containing, e.g., Cu is formed on the

insulating film 15 so that each opening of the insulating film 1S5 is partially filled with the

“first metal film 22. More specifically, the first metal film 22 is formed by sequentially

forming a TiW layer and a Cu layer on the insulating film 15 by a sputtering method.
Thereafter, a resist mask 23 is formed so as to cover the region of the insulating film 15
located outside the openings. In other words, the resist mask 23 is formed so as to expose
the openings of the insulating film 15.

As shown in FIG. 11E, a second metal film 24 is formed on the exposed regions of
the first metal film 22 by, e.g, an electroplating method so as to completely fill the
openingé of the insulating film 15. The exposed regions of the first metal film 22 are the
regions of the first metal film 22 located within the openings of the insulating film 15 and
surrounded by the resist mask 23. For example, the second metal film 24 is formed from
Cu.

As shown in FIG. 12A the resist mask 23 is removed, and the portion of the first
metal film 22 located outside the openings of the insulating film 15 are removed by an
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etching method. As a result, metal-material embedded portions 25 are formed by the first
and second metal films 22, 24 embedded in the openings of the insulating film 15. Note
that the surface of the metal-material embedded portions 25 is flush with or higher than the
surface of the insulating film 15. In other words, the thickness of the external electrode
portion (the total thickness of the metal-material embedded portion 25 and the metal wiring
14 located thereunder) is equal to or greater than that of the insulating film 1S. As a
result, the thickness of the external electrode portion is greater than the thickness of the
portion of the metal wiring 14 other than the external electrode portion (i.e., the non-
electrode portion of the metal wiring 14).

As shown in FIG. 12B, after the semiconductor elements 11 in the respective chip
regions Rensp of the semiconductor wafer 10 are subjected to the steps of FIGs. 11B to 11E
and FIG. 12A, the semiconductor wafer 10 is diced along the dicing lines 10a by a rotating
blade 20. As a result, individual chips of the semiconductor elements 11 are obtained as
shown in FIG. 12C.

As has been described above, according to the fifth embodiment, the metal wirings
14 are formed so as to be electrically connected to the electrodes 12 of the semiconductor
element 11, respectively. The insulating film 15 is then formed, and openings are formed
in the insulating film 15 so as to expose the external-electrode formation regions of the
metal wirings 14. Thereafter, the metal-material embedded portions 25 are embedded in
the respective openings so that the surface of the metal-material embedded portions 25 is
flush with or higher than the surface of the insulating film 15. Accordingly, the thickness
of the external electrode portion (i.e., the total thickness of the metal-material embedded
portion 25 embedded in the opening of the insulating film 15 and the metal wiring 14
located under the metal-material embedded portion 25) is greater than the thickness of the
portion of the metal wiring 14 other than the external electrode portion (i.e., the non-
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electrode portion of the metal wiring 14). As a result, the same effects as those of the
manufacturing method of the third embodiment can be obtained.

According to the fifth embodiment, the portion of the metal wiring 14 other than
the external electrode portion (i.e., the non-g]ectrode portion of the metal wiring 14) is
covered with the insulating film 15. This prevents wirings or electrodes of a substrate on
which the semiconductor device is mounted from contacting the non-electrode portions of
the metal wirings 14 of »the semiconductor device. The surface of the metal-material
embedded portion 25, that is, the exposed surface of the external electrode portion, is flush
with or higher than the surface of the insulating film 1S. In other words, the thickness of
the external electrode portion (the total thickness of the metal-material embedded portion
25 and the metal wiring 14 located thereunder) is equal to or greater than that of the
insulating film 15. Therefore, the following effects can be obtained: a ball electrode can
be mounted to the external electrode portion (the metal-material embedded portioﬁ 25)
without producing a gap therebetween. As a result, sufficient junction between the ball
electrode and the external electrode portion can be ensured.

In the fifth embodiment, the exposed surface of the external electrode portion (the
surface of the metal-material embedded portion 25) may be higher than the surface of the
insulating film. In this case, a substantial thickness of a metal portion of the external
electrode portion is increased. Accordingly, the following effects can be obtained: when
Sn contained in solder of the ball electrode diffuses into Cu contained in the metal-material
embedded portion 25 or the metal wiring 14, a Sn-Cu alloy layer having low strength
grows in the thickness direction of the external electrode portion. As described above,
however, since the substantial thickness of the metal portion of the external electrode
portion is increased, it is ensured that a greater part of the external electrode portion is left
unchanged into the Sn-Cu alloy in the thickness direction of the external electrode portion.
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When the temperature is varied in a process such as the process of mounting the
semiconductor device onto the substrate, stresses are generated due to the difference in
thermal expansion coefficient between the semiconductor device and the substrate.
However, the above structure of the fifth embodiment can more reliably prevent
disconnection of the metal wirings 14 even if such stresses are generated. Note that,
when the exposed surface of the external electrode portion (the surface of the metal-
material embedded portion 25) is higher than the surface of the insulating film 15, the
external electrode portions may be bonded to the wiring electrodes of the substrate by

solder without using the ball electrodes. In this case, the same effects as those described
above can be obtained.

Note that, in the fifth embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the
like may be used. Alternatively, another conductive metal material may be used.
However, forming the metal wiring 14 from a Cu-containing metal enables reduction in
resistance of the metal wiring 14.

In the fifth embodiment, the TiW layer and the Cu layer for forming the metal
wirings 14 are sequentially formed by a sputtering method. However, the TiW layer and

.the Cu layer may alternatively be formed by a plating method, a screen printing method or
the like.

In the fifth embodiment, the insulating film 15 is formed from a photosensitive
material, and the opening pattern of the insulating film 15 is formed by a photolithography
method capable of forming a fine pattern. However, the insulating film 15 may
alternatively be formed from a non-photosensitive material, and the opening pattern of the
insulating film 15 may alternatively be formed by a screen printing method or the like.

In the fifth embodiment, the material of the first metal film 22 is not specifically
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limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the like may be
used. Alternatively, another conductive metal material may be used.

In the fifth embodiment, the TiW layer and the Cu layer for forming the first metal
film 22 are sequentially formed by a sputtering method. However, the TiW layer and the
Cu layer may alternatively be formed by a plating method, a screen printing method or the
like.

In the fifth embodiment, the second metal film 24 is formed from Cu. However,
the second metal film 24 may alternatively be formed from a material mainly containing Ni,
Ag, Au, Sn, Pd or the like.

In the fifth embodiment, the. metal-material embedded portion 25 having its top
portion larger than the opening of the insulating film 15 may be formed by a screen
printing method or the like so that the top portion of the metal-material embedded portion
25 projecting from the surface of the insulating film 15 serves as a mushroom-like
projecting electrode. In this case, a semiconductor device having the same structure as
that of the semiconductor device qf the modification of the first embodiment is formed.
In the fifth embodiment, the second metal film 24 is formed by an electroplating method.
However, the second metal film 24 may alternatively be formed by an electroless plating
method, a screen pﬁnting method or the like.

In the fifth embodiment, the surface of the metal-material embedded portions 25 is
flush with or higher than the surface of the insulating film 15. In other words, the
thickness of the external electrode portion (i.e., the total thickness of the metal-material
embedded portion 25 and the metal wiring 14 located thereunder) is equal to or greater
than the thickness of the insulating film 15. More specifically, the thickness of the
external electrode portion is preferably in the range of 10 pm to 20 um. If the thickness
of the external electrode portion exceeds 20 pum, it is difficult to form the resist mask 23
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having a sufficient thickness (see FIG. 11D) near the openings (i.e., stepped portions) of
the insulating film 15.

In the fifth embodiment, it is preferable to form an insulating resin layer on the
passivation film 13 excluding the regions near the electrodes 12 before the metal wirings
14 are formed, and to form the metal wirings 14 along the surface of the insulating resin
layer. In this case, the following effects can be obtained: when the temperature is varied
to melt the ball electrodes in the process of mounting the semiconductor device to the
substrate, stresses are generated due to the difference in thermal expansion coefficient
between the semiconductor device and the substrate. However, these stresses can be
absorbed by the insulating resin layer. As a result, the stresses are reduced, whereby the
external electrode portion of the metal wiring 14 to which the ball electrode is connect.ed
can be prevented from being broken by the stresses.

(Sixth Embodiment)

Hereinafter, a method for manufacturing a semiconductor device acqording to the
sixth embodiment of the present invention will be described with reference to the figures.

FIGs. 13A to 13D and FIGs. 14A, 14B illustrate the steps of the method for
manufacturing a semi;onductor device according to the sixth embodiment. FIGs. 13A
and 14A are perspective views, and FIGs. 13B to 13D and FIG. 14B are cross-sectional
views. In the sixth embodiment, the same elements a§ those of the third embodiment in
FIGs. 7A to 7E and FIGs. 8A, 8B are denoted with the same reference numerals and
characters.

As shown in FIG. 13A, a semiconductor wafer 10 having a pluralitj of
semiconductor elements 11 formed thereon is prepared. The semiconductor wafer 10 has
a plurality of chip regions Rayp defined by dicing lines 10a.  Each semiconductor element
11 is provided in a comresponding one of the plurality of chip regions Rasp of the
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semiconductor wafer 10. The following description will be given for the semiconductor
element 11 provided in one of the plurality of chip regions Renip.

As shown in FIG. 13B, a passivation film 13 is formed over the surface of the
semiconductor element 11 having electrodes 12 formed thereon. For example, the
passivation film 13 is formed from SiN. The passivation film 13 has an opening on each
electrode 12. Metal wirings 14 containing, e.g., Cu are then formed on the passivation
film 13 so as to be electrically connected to the electrodes 12, respectively. More
specifically, the metal wirings 14 are formed as follows: a TiW layer and a Cu layer are
sequentially formed on the passivation film 13 by a sputtering method. The TiW layer
and the Cu layer are then etched by using a mask which covers the regions where the metal
wirings are to be formed (i.e., the metal-wiring formation regions). The mask is formed
from a photoresist material. The metal wirings 14 having a desired pattern are thus
formed. The resist mask is then removed.

As shown in FIG. 13C, projecting electrodes 26 having a thickness of about 20 pm
are formed as follows: conductive resin paste is applied with a desired pattern to a
predetermined region of each metal wiring 14 (a region where an external electrode is to be
formed, i.e., an external-electrode formation region) by a screen printing method or the like.
For example, powdered Ag added to a thermosetting epoxy resin is used as the resin paste.

As shown in FIG. 13D, an insulating film 15 having a thickness of about 15 um is
formed on the passivation film 13 and the metal wirings 14 (i.e., over the surface of the
semiconductor wafer 10). As a result, the top portions of the projecting electrodes 26 are
exposed from the surface of the insulating film 15. For example, the insulating film 15 is
a resin film formed from solder resist or the like, and is formed by a spin coating method
or the like.

Note that, in the present embodiment, the top portions of the projecting electrodes
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26 may be cleaned by etching the surface of the semiconductor wafer 10 by a dry etching
method using oxygen gas after the insulating film 1S is formed. This improves
conductivity between the projecting electrodes 26 of the semiconductor device and the
wiring electrodes of a substrate on which the semiconductor device is mounted.

As shown in FIG. 14A, after the semiconductor elements 11 in the respective chip
regions Raup of the semiconductor wafer 10 are subjected to the steps of FIGs. 13B to 13D,
the semiconductor wafer 10 is diced along the dicing lines 10a by a rotating blade 20. As
a result, individual chips of the semiconductor elements 11 are obtained as shown in FIG.
14B.

As has been described above, according to the sixth embodiment, the metal wirings
14 are formed so as to be electrically connected to the electrodes 12 of the semiconductor
element 11, respectively. Thereafter, the projecting electrodes 26 are respectively formed
on the external-electrode formation regions of the metal wirings 14, and the insulating film
15 is then formed so as to expose the top portions of the projecting electrodes 26.
Accordingly, the thickness of the external electrode portion (i.e., the total thickness of the
projecting electrode 26 and the metal wiring 14 located thereunder) is greater than the '
thickness of the portion of the metal wiring 14 other than the external electrode portion
(i.e., the non-electrode portion of the metal wiring 14). As a result, the same effects as
those of the semiconductor device of the third embodiment can be obtained.

According to the sixth embodiment, the portion of the metal wiring 14 other than
the external electrode portion (i.e., the non-electrode portion of the metal wiring 14) is
covered wit‘h the insulating film 15. This prevents wirings or electrodes of the substrate
on which the semiconductor device is mounted from contacting the non-electrode portions
of the metal wirings 14 of the semiconductor device. The surface of the projecting
electrode 26, that is, the exposed surface of the external electrode portion, is higher than
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the surface of the insulating film 1S. In other words, the thickness of the external
electrode portion is greater than that of the insulating film 15. Therefore, the following
effects can be obtained: a ball electrode can be mounted to the external electrode portion
(the projecting electrode 26) without producing a gap therebetween. As a result,
sufficient junction between the ball electrode and the external electrode portion can be
ensured. Moreover, when Sn contained in solder of the ball electrode diffuses into Cu
contained in the projecting electrode 26 or the metal wiring 14, a Sn-Cu alloy layer having
low strength grows in the thickness direction of the external electrode portion. According
to the above structure of the sixth embodiment, however, it is ensured that a greater part of
the external electrode portion is left unchanged into the Sn-Cu alloy in the thickness
direction of the external electrode portion. When the temperature is varied in a process
such as the process of mounting the semiconductor device onto the substrate, stresses are
generated due to the difference in thermal expansion coefficient between the
semiconductor device and the substrate. However, the above structure of the sixth
embodiment can more reliably prevent disconnection of the metal wirings 14 even if such
stresses are generated. Note that, when the exposed surface of the external electrode
portion (the surface of the projecting electrode 26) is higher than the surface of the
insulating film 185, the external electrode portions may be bonded to the wiring electrodes
of the substrate by solder without using the ball ele&rodes. In this case, the same effects
as those described above can be obtained.

Note that, in the sixth embodiment, the material of the metal wirings 14 is not
specifically limited. For example, a material mainly containing Cu, Ti, W, Cr, Al or the
like may be used. Alternatively, another conductive metal material may be used.
However, forming the metal wiring 14 from a Cu-containing metal enables reduction in

resistance of the metal wiring 14.
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In the sixth embodiment, the TiW layer and the Cu layer for forming the metal
wirings 14 are sequentially formed by a sputtering method. However, the TiW layer and
the Cu layer may alternatively be formed by a plating method, a screen printing method or
the hike.

In the sixth embodiment, a conductive component of the resin paste for forming the
projecting electrodes 26 is not specifically limited. For example, Ni, Cu, Au, Ag, Sn, Pd
or the like may be used as the conductive component.

In the sixth embodiment, the insulating film 15 is formed by a spin coating method.
However, the insulating film 1S may alternatively be formed by a curtain coating method.

In the sixth embodiment, it is preferable to form an insulating resin layer on the
passivation film 13 excluding the regions near the electrodes 12 before the metal wirings
14 are formed, and to form the metal wirings 14 along the surface of the insulating resin
layer. In this case, the following effects can be obtained: whén the temperature is varied
to melt the ball electrodes in the process of mounting the semiconductor device to the
substrate, stresses are generated due to the difference in thermal expansion coefficient
between the semiconductor device and the substrate. However, these stresses can be
absorbed by the insulating resin layer. As a result, the stresses are reduced, whereby the
external electrode portion of the metal wiring 14 to which the ball electrode is connected

can be prevented from ‘being broken by the stresses.
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WHAT IS CLAIMED IS:

1. A semiconductor device, comprising:

a semiconductor element having an electrode formed on a surface thereof; and

a metal wiring formed on the surface of the semiconductor element and electrically
connected to the electrode, wherein

the metal wiring has an external electrode portion functioning as an external
electrode, and

a thickness of the external electrode portion is greater than that of a non-electrode
portion of the metal wiring, i.e., a portion of the metal wiring other than the external

electrode portion.

2. The semiconductor device according to claim 1, further comprising:

an insulating film formed on the metal wiring and the surface of the semiconductor
element, and having an opening exposing the external electrode portion, and '

an exposed surface of the external electrode portion is flush with or higher than a

surface of the insulating film.

3. The semiconductor device according to claim 1, wherein the metal wiring is

formed from a metal containing copper.

4. The semiconductor device according to claim 1, further comprising;:
an insulating resin layer formed between the surface of the semiconductor element
and the metal wiring, and

the metal wiring is formed along a surface of the insulating resin layer.
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5. The semiconductor device according to claim 1, wherein the thickness of the

external electrode portion is in a range of 10 um to 20 um.

6. A method for manufacturing a semiconductor device, comprising:

a first step of forming, on a surface of a semiconductor element having an electrode
formed thereon, a metal wiring electrically connected to the electrode;

a second step of forming, on the surface of the semiconductor element and the
metal wiring, an insulating film having an opening which exposes a region of the metal
wiring layef where an external electrode is to be formed; and

a third step of forming a metal-material embedded portion in the opening so that a

surface of the metal-material embedded portion is flush with or higher than a surface of the

insulating film.

7. The method according to claim 6, further comprising before the first step the step
of:

forming an insulating resin film ;)n the surface of the semiconductor element except
the electrode, wherein

the first step includes the step of forming the metal wiring along a surface of the

insulating resin layer.

8. The method according to claim 6, wherein the third step includes the step of
forming a metal film on the insulating film so as to completely fill the opening, forming a
mask pattern which covers a region of the metal film located on the opening, removing a

region of the metal film located outside the mask pattern, and removing the mask pattern.
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9. The method according to claim 6, wherein the third step includes the step of
forming a first metal film on the surface of the insulating film so as to partially fill the
opening, forming a mask pattern which covers a region of the first metal film located
outside the opening, forming a second metal film on a region of the first metal film located
in the opening, and removing the mask pattern and the region of the first metal film located

outside the opening.

10. The method according to claim 6, wherein

the semiconductor element is provided in each of a plurality of chip regions of a
semiconductor wafer, which are defined by a dicing line,

the method further comprising after the third step the step of: ‘

dicing the semiconductor wafer along the dicing line by a rotating blade in order to

divide the semiconductor wafer into chips of the semiconductor elements.

11. A method for manufacturing a semiconductor device, comprising:

a first step of forming, on a surface of a semiconductor element having an electrode
formed thereon, a metal wiring electrically connected to the electrode;

a second step of forming a projecting electrode on a region of the metal wiring
where an external electrode is to be formed; and

a third step of forming an insulating film on the surface of the semiconductor
element and the metal wiring so as to expose at least a top portion of the projecting

eiectrode.

12. The method according to claim 11, further comprising before the first step the
step of’
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forming an insulating resin film on the surface of the semiconductor element except
the electrode, wherein
the first step includes the step of forming the metal wiring along a surface of the

insulating resin layer.

13. The method according to claim 11, wherein

the semiconductor element is provided in each of a plurality of chip regions of a
semiconductor wafer, which are defined by a dicing line,

the method further comprising after the third step the step of:

dicing the semiconductor wafer along the dicing line by a rotating blade in order to

divide the semiconductor wafer into chips of the semiconductor elements.

50

Page 58 of 199 SAMSUNG EXHIBIT 1004
: Samsung v. Tessera



ABSTRACT OF THE DISCLOSURE
The semiconductor device includes a semiconductor element having an electrode
formed on a surface thereof, and a metal wiring formed on the surface of the
semiconductor element and electrically connected to the electrode. The metal wiring has
an emcmal electrode portion functioning as an external eléctrode. A thickness of the
external electrode portion is greater than that of a non-electrode portion of the metal wiring,

i.e., a portion of the metal wiring other than the external electrode portion.

51

Page 59 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



1/ 11

14b

LA LN L

..........

\\\\\\\\M«

Page 60 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



2 /11

15 14 17
12 14 1%a a 14 19
_ j B¢ ( (S

w\\\\\\\\wm

FIG. 5

12 1t \@ @13@? “.14.12

,,,,,, 7 7 % -
.................
,,,,,,,,,,,,,
,,,,,,,,,,,,,,

'''''''''''

\\\\\\\\\”H

NANNAaaa

Page 61 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



FIG. 7A

7 ///
@%@%@@ 10a
\2J27) DNONENONONY,

14

FIG. 7B (L fezrzd  a777)  UZz77) t[/[g

B\\ \S\ \\E

FIG. 7C

18 : 14
FIG. 7D <t & ﬁ$15§% Sk

\\\\\\\\& 11

18A15 18A14

SRS

FIG. 7E

Page 62 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



4/ 11

FIG. 8A
LE0DDDDDDLLEL | ()
A DD -
’z42 OO,
\’/ 10
Rehip—— —
16 16
18A P AJ8A iy
FIG. 8B \ \ Q)
R\
oy gy U SSS B
zz2)
AN N i
) | I
12 13 12
Page 63 of 199 SAMSUNG EXHIBIT 1004

Samsung v. Tessera



FIG. 9A Ah 2

%@@%@%@

FIG. 9B 17
IS OIS N
19 13 12
FIG. 9C 14 %7 14

FIG. 9D 14 17 15 14

IS S,
3\\\\\\\&r\—u

Page 64 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



6/ 11

14 21 21
FIG. 10A 4 °(17 150  1a.

| NN Y
12 13 12

FIG. 10B
FIG. 10C
k\\\\\% P11
Page 65 of 199 SAMSUNG EXHIBIT 1004

Samsung v. Tessera



FIG. 11A

FIG. 11B et

TK\\\\\\Q»

15 14

FIG. 11C

FIG. 11D }

4
-l'/// l/

FIG. 11E

Page 66 of 199 SAMSUNG EXHIBIT 1004
| Samsung v. Tessera



8 / 11

FIG. 12A 2

FIG. 12B

l
l@%@ 10a

FIG. 12C 25

11

Page 67 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



9/ 11

FIG. 13A
14
FIG. 13B 5¥ZZLJ4&LJ&ML;%ffi¥,
1 NN NN Y
12 13 12

FIG. 13C &gg; = £§; ggg;
IN N NN N N e

FIG. 13D 26 15% 14

Y. [

| NN

Page 68 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



10 / 11

FIG. 14A

PG 148 B BE
IR
12 13 12

Page 69 of 199 SAMSUNG EXHIBIT 1004

Samsung v. Tessera



11 / 11

FIG. 15A

Prior Art

‘FIG. 15B 4 6 € 4
Prior Art (
: 3'3'3‘1&[42:}: S &/77 -5
DN
!
2 3 2
FIG. 15C s 8 6
Prior Art
L i e e et J~—b
\\j&\\ 1
/
2 3 2
Page 70 of 199 SAMSUNG EXHIBIT 1004

Samsung v. Tessera



Docket No.: 740819-924 PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Yoshifumi NAKAMURA, Ryuichi SAHARA, Nozomi SHIMOISHIZAKA,
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Washington, DC 20231

Sir:

The undersigned assignee of the above-identiﬁed‘ application hereby revokes all previous
Powers of Attomey and appoints the following attomeys with full power to prosecute the
application, to make alterations and amendments therein, and to tl;ansact all business in the United
States Patent Office connected therewith.

I hereby appoint the following attomey(s) and/or agent(s): Steven W. Allis, Reg. No.
50,532; Stephen A. Becker, Reg. No. 26,527; John G. Bisbikis, Reg. No. 37,095; Daniel Bucca,
Reg. No. 42,368; Kenneth L. Cage, Reg. No. 26,151; Jennifer Chen, Reg. No. 42,404; Bemard
P. Codd, Reg. No. 46,429; Lawrence T. Cullen, Reg. No. 44,489; Paul Devinsky, Reg. No.
28,553; Margaret M. Duncan, Reg. No. 30,879; Shamita De. Etienne-Cummings, Reg. No.
46,072; Ramyar M. Farid, Reg. No. 46,692; Brian E. Ferguson, Reg. No. 36,801; Michael E.
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37,136; Keith E. George, Reg. No. 34,111; John A. Hankins, Reg. No. 32,029; Eric J. Kraus,
Reg. No. 36,190; Catherine Krupka, Reg. No. 46,227; Jack Q. Lever, Reg. No. 28,149;
Raphael V. Lupo, Reg. No. 28,363; Burman Y. Mathis III, Reg. No. 44,907, Michael A.
Messina, Reg. No. 33,424; Dawn L. Palmer, Reg. No. 41,238; Joseph H. Paquin, Jr., Reg. No.
31,647, Scott D. Paul, Reg. No. 42,984; William D. Pegg, Reg. No. 42,988; Robert L. Price,
Reg. No. 22,685; Gene Z. Rubinson, Reg. No. 33,351; Brian K. Seidleck, Reg. No. 51,321;
Joy Ann G. Serauskas, Reg. No. 27,952; Jini F. Smetana, Reg. No. 52,456; David A. Spenard,
Reg. No. 37,449; Arthur J. Steiner, Reg. No. 26,106, Wesley Strickland, Reg. No. 44,363;
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Michael D. Switzer, Reg. No. 39,552; David M. Tennant, Reg. No. 48,362; Judith L. Toffenetti,
Reg. No. 39,048; Daniel S. Trainor, Reg. No. 43,959; Shival P. Virmani, Reg. No. 45,032; Kelli
N. Watson, Reg. No. 47,170; Cameron K. Weiffenbach, Reg. No. 44,488; Aaron Weisstuch,
Reg. No. 41,557, Edward J. Wise, Reg. No. 34,523; Jeffrey A. Woller, Reg. No. 48,041;
Alexander V. Yampolsky, Reg. No. 36,324; Robert W. Zelnick, Reg. No. 36,976, and Wei-Chen
Chen, admitted under 37 CFR 10.9(b) all of A

McDERMOTT, WILL & EMERY

600 13th Street, N'W.

Washington, DC 20005-3096

~ with full power of substitution and revocation, to prosecute this application and to transact all
_business in the Patent and Trademark Office connected therewith, and all future correspondence

should be addressed to them.

CERTIFICATE UNDER 37 CFR 3.73(b)

MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD, a corporation of 1006, Oaza
Kadoma, Kadoma-shi, Osaka 571-8501, Japan, certifies ‘ihat it is the assignee of the entire right,
title and interest in the patent application identified above by virtue of:

An Assignment from the inventor(s) of the patent application identified above. A copy of
the executed assignment is attached herewith.

The undersigned has reviewed all the documents in the chain of title of the patent
application identified above and, to the best of undersigned's knowledge and belief, title is in the
assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of thé
assignee.

The undersigned further declares that all statements made heréin of its own knowledge are
true and that all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the like so made

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
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Code, and that such willful false statements may jeopardize the validity of the application or any
patent issuing thereon.

Respectfully submitted,

MATSUSHITA ELECTRIC INDUSTRIAL CO.LTD.

Name: Isamu SHIMURA

. Title: Director, IP Development Center
o I Authorized Signing Officer

*
Signature: %‘%M&——\
Date:

04.17.2003"
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DECLARATION AND POWER OF ATTORNEY Attorney Docket No.
FOR PATENT APPLICATION

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as
stated next to my name; that I venly believe that 1 am the original, first and sole inventor (if only one name is listed
belowg Joint _inventor (if plural inventors are named below) of the invention * entitled:

{ ;.JNICO"D JGTOR DEVICE ARD MAHUFACTURIHG METHOD THEREO

, the specification of which is attached hereto unless the followmg box is checked:

[ 1 The specification was filed on
and was assigned Serial No.

(if known)
and was amended on

(if applicable)
1 hereby state that I have reviewed and understand the contents of the above-identified specnﬁcatlon, including
the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of this application in
accordance with Title 37, Code of Federal Regulations, § 1.56.

1 do not know and do not believe the same was ever known or used in the United States of America before my
or our invention thereof, or patented or described in any printed publication in any country before my or our invention
thereof, or more than one year prior to this application, that the same was not in public use or on sale in the United
States of America more than one year prior to this application, that the invention has not been patented or made the
subject of an inventor's certificate issued before the date of this application in any country foreign to the United States
of America on an application filed by me or my legal representatives or assigns more than twelve months prior to this
application, and that no application for patent or inventor's certificate on this invention has been filed in any country
foreign to the United States of America prior to this application by me or my legal representatives or assigns, except
as follows:

1 hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign
application(s) for patent or inventor's certificate listed below and checked at right:

Prior Foreign Application(s) Priority Claimed
(Number) (Country) (Month/Day/ Year Filed) Yes  No

2001-387051 JAPAN 12/20/2001 ' X

All foreign applications, if any, for any Patent or Inventor's Certificate filed more than 12 months prior to the
filing date of this application: N

Country - Application No. Date of Filing (Month/Day/Year)
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I hereby claim the benefit under Title 35, United States Code, § 119(e) or § 120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code, §
112, 1 acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, §
1.56 which occurred between the filing date of the prior application and the national or PCT international filing date
of this application:

Application Serial No. Filing Date Status: patented, pending, abandoned

1 hereby appoint the following attorneys to prosecute this application and/or any international application and
to transact all business in the Patent and Trademark Office connected therewith:

Daniel W. Sixbey, (Reg. No. 20,932) Stuart J. Friedman (Reg. No. 24,312)

Charles M. Leedom, Jr. (Reg. No. 26,477) Gerald J. Ferguson, Jr. (Reg. No. 23,016)

David S. Safran (Reg. No. 27,997) Thomas W. Cole (Reg. No. 28,290)

Donald R. Studebaker (Reg. No. 32,815)Jeffrey L. Costellia (Reg. No. 35,483)

Tim L. Brackett (Reg. No. 36,092) Eric J. Robinson (Reg. No. 38,285)

Robert M. Schulman (Reg. No. 31,196) Thomas M. Blasey (Reg. No. 33,475)
Send Correspondence to: Donald R. Studebaker

Nixon Peabody LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102
Telephone: (703) 790-9110

I hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the knowledge that’
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application
or any patent issued thereon.

The undersigned hereby authorize any U.S. attorney or agent named herein to accept and follow instructions
from _____Maeda Patent Office._ as to any action to be taken in the Patent and Trademark Office regarding this
application without direct communication between the U.S. attorney or agent and the undersigned. In the event of a
change in the persons from whom instructions may be taken, the U.S. attorneys or agents named herein will be so
notified by the undersigned.

FULL NAME OF SOLE OR FIRST INVENTOR ORB SIGNA' DATE
Yoshifumi NAKAMURA / Z; o/ Hov. 15, 2002
[ 4
RESIDENCE (City, State & Country) / / CITIZENSHIP
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37,136; Keith E. George, Reg. No. 34,111; John A. Hankins, Reg. No. 32,029; Eric J. Kraus,
Reg. No. 36,190; Catherine Krupka, Reg. No. 46,227; Jack Q. Lever, Reg. No. 28,149;
Raphael V. Lupo, Reg. No. 28,363; Burman Y. Mathis III, Reg. No. 44,907, Michael A.
Messina, Reg. No. 33,424; Dawn L. Palmer, Reg. No. 41,238; Joseph H. Paquin, Jr., Reg. No.
31,647, Scott D. Paul, Reg. No. 42,984; William D. Pegg, Reg. No. 42,988; Robert L. Price,
Reg. No. 22,685; Gene Z. Rubinson, Reg. No. 33,351; Brian K. Seidleck, Reg. No. 51,321;
Joy Ann G. Serauskas, Reg. No. 27,952; Jini F. Smetana, Reg. No. 52,456; David A. Spenard,
Reg. No. 37,449; Arthur J. Steiner, Reg. No. 26,106, Wesley Strickland, Reg. No. 44,363;
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Michael D. Switzer, Reg. No. 39,552; David M. Tennant, Reg. No. 48,362; Judith L. Toffenetti,
Reg. No. 39,048; Daniel S. Trainor, Reg. No. 43,959; Shival P. Virmani, Reg. No. 45,032; Kelli
N. Watson, Reg. No. 47,170; Cameron K. Weiffenbach, Reg. No. 44,488; Aaron Weisstuch,
Reg. No. 41,557, Edward J. Wise, Reg. No. 34,523; Jeffrey A. Woller, Reg. No. 48,041;
Alexander V. Yampolsky, Reg. No. 36,324; Robert W. Zelnick, Reg. No. 36,976, and Wei-Chen
Chen, admitted under 37 CFR 10.9(b) all of A

McDERMOTT, WILL & EMERY

600 13th Street, N'W.

Washington, DC 20005-3096

~ with full power of substitution and revocation, to prosecute this application and to transact all
_business in the Patent and Trademark Office connected therewith, and all future correspondence

should be addressed to them.

CERTIFICATE UNDER 37 CFR 3.73(b)

MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD, a corporation of 1006, Oaza
Kadoma, Kadoma-shi, Osaka 571-8501, Japan, certifies ‘ihat it is the assignee of the entire right,
title and interest in the patent application identified above by virtue of:

An Assignment from the inventor(s) of the patent application identified above. A copy of
the executed assignment is attached herewith.

The undersigned has reviewed all the documents in the chain of title of the patent
application identified above and, to the best of undersigned's knowledge and belief, title is in the
assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of thé
assignee.

The undersigned further declares that all statements made heréin of its own knowledge are
true and that all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the like so made

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
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Code, and that such willful false statements may jeopardize the validity of the application or any
patent issuing thereon.

Respectfully submitted,

MATSUSHITA ELECTRIC INDUSTRIAL CO.LTD.

Name: Isamu SHIMURA

. Title: Director, IP Development Center
o I Authorized Signing Officer

*
Signature: %‘%M&——\
Date:

04.17.2003"

" WDC99 725640-1.060188.0011
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DECLARATION AND POWER OF ATTORNEY Attorney Docket No.
FOR PATENT APPLICATION

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as
stated next to my name; that I venly believe that 1 am the original, first and sole inventor (if only one name is listed
belowg Joint _inventor (if plural inventors are named below) of the invention * entitled:

{ ;.JNICO"D JGTOR DEVICE ARD MAHUFACTURIHG METHOD THEREO

, the specification of which is attached hereto unless the followmg box is checked:

[ 1 The specification was filed on
and was assigned Serial No.

(if known)
and was amended on

(if applicable)
1 hereby state that I have reviewed and understand the contents of the above-identified specnﬁcatlon, including
the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of this application in
accordance with Title 37, Code of Federal Regulations, § 1.56.

1 do not know and do not believe the same was ever known or used in the United States of America before my
or our invention thereof, or patented or described in any printed publication in any country before my or our invention
thereof, or more than one year prior to this application, that the same was not in public use or on sale in the United
States of America more than one year prior to this application, that the invention has not been patented or made the
subject of an inventor's certificate issued before the date of this application in any country foreign to the United States
of America on an application filed by me or my legal representatives or assigns more than twelve months prior to this
application, and that no application for patent or inventor's certificate on this invention has been filed in any country
foreign to the United States of America prior to this application by me or my legal representatives or assigns, except
as follows:

1 hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign
application(s) for patent or inventor's certificate listed below and checked at right:

Prior Foreign Application(s) Priority Claimed
(Number) (Country) (Month/Day/ Year Filed) Yes  No

2001-387051 JAPAN 12/20/2001 ' X

All foreign applications, if any, for any Patent or Inventor's Certificate filed more than 12 months prior to the
filing date of this application: N

Country - Application No. Date of Filing (Month/Day/Year)
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I hereby claim the benefit under Title 35, United States Code, § 119(e) or § 120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code, §
112, 1 acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, §
1.56 which occurred between the filing date of the prior application and the national or PCT international filing date
of this application:

Application Serial No. Filing Date Status: patented, pending, abandoned

1 hereby appoint the following attorneys to prosecute this application and/or any international application and
to transact all business in the Patent and Trademark Office connected therewith:

Daniel W. Sixbey, (Reg. No. 20,932) Stuart J. Friedman (Reg. No. 24,312)

Charles M. Leedom, Jr. (Reg. No. 26,477) Gerald J. Ferguson, Jr. (Reg. No. 23,016)

David S. Safran (Reg. No. 27,997) Thomas W. Cole (Reg. No. 28,290)

Donald R. Studebaker (Reg. No. 32,815)Jeffrey L. Costellia (Reg. No. 35,483)

Tim L. Brackett (Reg. No. 36,092) Eric J. Robinson (Reg. No. 38,285)

Robert M. Schulman (Reg. No. 31,196) Thomas M. Blasey (Reg. No. 33,475)
Send Correspondence to: Donald R. Studebaker

Nixon Peabody LLP

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102
Telephone: (703) 790-9110

I hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the knowledge that’
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application
or any patent issued thereon.

The undersigned hereby authorize any U.S. attorney or agent named herein to accept and follow instructions
from _____Maeda Patent Office._ as to any action to be taken in the Patent and Trademark Office regarding this
application without direct communication between the U.S. attorney or agent and the undersigned. In the event of a
change in the persons from whom instructions may be taken, the U.S. attorneys or agents named herein will be so
notified by the undersigned.

FULL NAME OF SOLE OR FIRST INVENTOR ORB SIGNA' DATE
Yoshifumi NAKAMURA / Z; o/ Hov. 15, 2002
[ 4
RESIDENCE (City, State & Country) / / CITIZENSHIP

Osaka, Japan Japan

POST OFFICE ADDRESS (Complete Address including City, State & Country)
2-2-34, Machikuzuha, Hirakata-shi, Osaka 573-1106, Japan
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INVENTOR'S SIGNATURE

FULL NAME OF SECOND JOINT INVENTOR (if any) DATE
Ryuichi SAHARA Frsod Zhoned/ Nov. 15, 2002
v =
RESIDENCE (City, State & Country) CITIZENSHIP
Osaka, Japan Japan
POST OFFICE ADDRESS (Complete Address including City, State & Country)
6-10-2-304, Korigaoka, Hirakata-shi, Osaka 573-0084, Japan
FULL NAME OF THIRD JOINT INVENTOR (if any) INVENTOR'S SIGNATURE . DATE.
Nozomi SHIMOISHIZAKA Tloemi ” Nov. 15, 2002
[ [
RESIDENCE (City, State & Country) CITIZENSHIP
Kyoto, Japan Japan
POST OFFICE ADDRESS (Complete Address including City, State & Country) . ’
42-2, Sagadaikakuji-monzenrokudo-cho, Ukyo-ku, Kyoto-shi, Kyoto 616-8417, Japan
FULL NAME OF FOURTH JOINT INVENTOR (if any) INVENTOR'S SIGNATURE DATE ‘
Kazuyuki KAINOU ) , Nov. 15, 2002
RESIDENCE (City, State & Country) CITIZENSHIP
Osaka, Japan Japan
POST OFFICE ADDRESS (Complete Address including City, State & Country)
2-15-20-407, Nasuzukuri, Hirakata-shi, Osaka 573-0071, Japan
FULL NAME OF FIFTH JOINT INVENTOR (if any) INVENTOR'S SIGNATURE DATE .
Keiji MIKI Keeso AL Wov. 15, 2092
<
RESIDENCE (City, State & Country) CITIZENSHIP
Kyoto, Japan Japan
POST OFFICE ADDRESS (Complete Address including City, State & Country)
10-31, Matsugasaki-icchoda-cho, Sakyo-ku, Kyoto-shi, Kyoto 606-0954, Japan
FULL NAME OF SIXTH JOINT INVENTOR (if any) INVENTOR'S SIGNATURE DATE
Kazumi WATASE > Whtaee Hov. 15, 2002
RESIDENCE (City, State & Country) CITIZENSHIP
Kyoto, Japan Japan
POST OFFICE ADDRESS (Complete Address including City, State & Country) )
2-10-13, Oe-kitafukunishi-cho, Nishikyo-ku, Kyoto-shi, Kyoto 610-1112, Japan
FULL NAME OF SEVENTH JOINT INVENTOR (if any) INVENTOR'S SIGNATURE DATE
Yasutake YAGUCHI ol Hov. 15, 2002
RESIDENCE (City, State & Country) v CITIZENSHIP
Osaka, Japan Japan
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PATENT APPLICATION FEE DETERMINATION RECORD

Effective October 1, 2003

/0g

Apphcation or Docket Numbe:

WAL

CLAIMS AS AMENDED - PART Ii

SMALL ENTITY OR SMALLENTITY

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column 2) TYPE [ OR SMALL ENTITY
TOTAL CLAIMS / /) RATE | FEE RATE | FEE
—~=
FOR NUMBER FILED NUMBER EXTRA BASIC FEE] 385.00 |nR[BASIC FEE} 770.00
TOTAL CHARGEABLE CLAMS | ] /) minus 20= |* / XS 9= on| xsi8=
(g 7
INDEPENDENT CLAIMS 4 / minus3 = 2 X43= or| x8e-
MULTIPLE DEPENDENT CLAIM PRESENT r~ 0
+145= OR| +290=
* It the difference in column 1 s less than zero. enter "0 in column 2 TOTAL OR TOTAL Y & @
OTHER THAN

(Column 1) (Column 2) (Column3
CLAIMS HIGHEST
ADDI- ADDI-
- ¢ REMAINING NUMBER NT -
e AFTER PREVIOLSLY | | DEqA RATE |TIONAL RATE | TIONAL]:
o} AMENDMENT _PAID FOR FEE FEE
=
[o] Total » Minus e = = XS1 8=
= X8 9 OR
g independent |« Minus e = x43. XB6=::
= F‘ -
< I'FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 0 0
+145= OR| +290=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2) _ {Column 3)
CLAIMS ~ HIGHEST
o REMAINING NUMBER PRESENT ADDI- .| ADDI-
E AFTER PREVIOUSLY EXTRA RATE JTIONAL RATE | TIONAL
i} AMENDMENT PAID FOR : FEE FEE
= 4
1 i - = - -
g Tota . Minus X$ 9= ORr] X%$18=
Independent Minus e = T
“:- P . e X43= OR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D .
+145= OR| +290=
. — -
i TOTAL OR .. JOAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Coumn2) (Column3) o
N "CLAIMS HIGHEST .
o REMAINING NUMBER PRESENT ADDI- ADDI- |
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
w AMENDMENT PAID FOR FEE FEE
2 N
g Total . Minus . - = xs 9= OR x$1 8=
%’ Independent |« Minus wes =
< — X43= OR| Xe6=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM L
+145= OR | +290=
* Itthe entry in column 1 is less than the entry in column 2, write "0° in column 3, e OTAL
* I the "Highest Number Previously Paid For* IN THIS SPACE is less than 20, enter *20." ADDI;OJEA:E. . OR ADDII’OJEAE
*=If the “Highest Number Previously Paid For* IN THIS SPACE is less than 3, enter °3.°
The *Highest Number Previously Paid For™ (Total or Independent) is the hghest number- found in the appropmle box in column 1.
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Docket No.: 60188-932 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of
NAKAMURA, YOSHIFUM]I, et al. : Customer No.: 20277
Serial No.: Divisional of : Group Art Unit: To be assigned

Application No. 10/307,450
Filed: August 17, 2004 :  Examiner: To be assigned

For: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

PRELIMINARY AMENDMENT

Mail Stop NEW APPLICATIONS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
Prior to examination of the above-referenced application, please amend the application as
follows:
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AMENDMENT TO THE SPECIFICATION

Please amend the paragraph beginning on page 21, line 6 as follows:

--A second characteristic of the second embodiment is that, as [{descried]] described
above, the insulating resin layer 17, which is formed from an epoxy resin having low elasticity or
the like, is formed between the metal wirings 14 each electrically connected to a corresponding
one of the electrodes 12 of the semiconductor element 11 and the passivation film 13 formed

over the surface of the semiconductor element 11.--
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AMENDMENT TO THE CLAIMS

1-13. (Canceled)

14. (New) A semiconductor device, comprising:
a semiconductor element;

a first electrode portion formed on the semiconductor element, said first electrode portion
comprising a first metal component;

a second electrode portion formed on the semiconductor element and electrically
connected to said first electrode portion, said second electrode portion comprising a second metal
component different from said first metal component; and

a diffusion layer formed between said first electrode portion and said second electrode
portion,

wherein said diffusion layer comprises said first metal component and said second metal

component.

15. (New) The semiconductor device of claim 14,
wherein said first electrode portion and said diffusion layer have a combined thickness in

the range of 10pm to 20pm.

16. (New) The semiconductor device of claim 14, wherein said first metal component includes

copper and said second metal component includes tin.
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17. (New) The semiconductor device of claim 14, further comprising a third electrode portion
formed on a surface of the semiconductor element and a metal wiring formed on the
semiconductor element, said metal wiring electrically connecting the first electrode portion to the

third electrode portion.

18. (New) The semiconductor device of claim 17, wherein the first and third electrode portion

are horizontally spaced apart with respect to the semiconductor element.

19. (New) The semiconductor device of claim 17, further comprising an insulating film formed
on said metal wiring,

wherein an opening of said insulating film exposes a surface of the first electrode portion,
and

wherein said surface of the first electrode portion is flush with or higher than a surface of

the insulating film.

20. (New) The semiconductor device of claim 17, wherein the metal wiring includes copper.

21. (New) The semiconductor device of claim 14, further comprising a substrate having a

wiring electrode,

wherein said wiring electrode is electrically connected to said second electrode portion.
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22. (New) The semiconductor device of claim 17, further comprising an insulating resin layer
formed between the surface of the semiconductor element and the metal wiring,

wherein the metal wiring is formed along a surface of the insulating resin layer.

23. The semiconductor device of claim 17, wherein the metal wiring has a thickness in the range

of 0.01pm to 8um.
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REMARKS
This amendment is necessary to incorporate the amendment in the specification made in
parent application Serial No. 10/30’;,450, as well as to cancel claims 1-13 and replace them with
new claims 14- 23.

Entry of this amendment is respectfully requested.

Respectfully submitted,

600 13™ Street, N.W.
Washington, DC 20005-3096
202.756.8000 MEF:BD
Facsimile: 202.756.8087
Date: August 17, 2004

WDC99 964611-1.060188.0932
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Docket No.: 60188-932 PATENT

~N

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
NAKAMURA, YOSHIFUM]I, et al. :  Confirmation Number: To be assigned
Serial No.: Divisional of . Group Art Unit: To be assigned

Application No. 10/307,450
Filed: August 17, 2004 :  Examiner: To be assigned

For: SEMICONDUCTOR DEVICE AND MANUFACT URING METHOD THEREOF

INFORMATION DISCLOSURE STATEMENT

Mai] Stop NEW APPLICATIONS
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the at;ention of the
Patent and Trademark Office is hereby directed to the references listed on the attached form
PTO-1449. Tt is respectfully requested that the references be expressly considered dufing the
prosecution of this application, and that the references be made of record therein and appear
among the "References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed within three months of the U.S.
filing date OR before the mailing date of a first Office Action on the merits. No certification or
fee is required.

The references were cited by or submitted to the U.S. Patent and Trademark Office in

parent application Serial No. 10/307,450 , filed December 2, 2002 , which is relied upon for an

Page 91 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



Serial No.: Divisional of
Application No. 10/307,450

earlier filing date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR
1.98(d).

Please charge any shortage in fees due in connection with the filing of this paper, including
extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit

account.

Respectfully submitted,

MCDERMOTT WILL & EMERY LLP

E. Bbgarty
Jtiph No. 36,139

600 13" Street, N.W.
Washington, DC 20005-3096
202.756.8000 MEF:BD
Facsimile: 202.756.8087
Date: August 17, 2004

WDC99 964597-1.060188.0932
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SHEET 1 OF 1

INFORMATION DISCLOSURE CITATION | ATTY. DOCKET NO. SERIAL NO.
60188-932 Divisional of 10/307,450
IN AN
APPLICATION
APPLICANT
Yoshfumi NAKAMURA, et al.
FILING DATE GROUP
(PTO 1449) August 17, 2004 To be assigned
U.S. PATENT DOCUMENTS
EXAMINER'S Document Number Publication Date Name of Patentes or Applicant of Cited Pages, Colurnns, Lines, Where Relevant
INITIALS CITE | Number-Kind Codez wknown) MM-DD-YYYY Document Passages or Relevant Figures Appear
NO.
us 5,719,439 02/17/1998 lwasaki et al.
us 5,892,273 04/06/1999 lwasaki et al.
US | 2002/0108781A1 8/2002 Mune et al
us 6,587,353 7/2003 Sumikawa et al
us 6,512,298 1/2003 Sahara et al
us 6,475,896 11/2002 Hashimoto
us 6,414,390 7/2002 Nozawa
us 6,396,157 5/2002 Nakanishi et al
uUs 5,604,379 211997 Mori
. FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date | Name of Patentee or Applicant Pages, Translation
INITIALS CITE Cauntry Codes-Number +-Kind MM-DD-YYYY of Cited Document Columns,
NO. Codes (if known) Lines Where
Relevant
Figures
Appear
Yes I No
JP 2001-291733 A 10/19/2001 | CASIO COMPUT CO JAPAN (w/ English
LTD Abstract and Partial
English Translation)
JP 2001-118956 A 04/27/2001 MATSUSHITA JAPAN (w/ English
ELECTRONICS Abstract and Partial
INDUSTRY English Translation)
JP 2001-291721 A 10/19/2001 NEC CORP. JAPAN (w/ English
Abstract and Partial
English Translation)
JP 9- 129772 A 05/16/1997 TOSHIBA CORP. JAPAN (w/ English
Abstract and Partial
English Translation)
JP 2000-299405 A 10/24/2000 ROHM CO LTD. JAPAN (w/ English
Abstract and Partial
English Translation)
JP 10079362 3/11998 Fukazawa et al
JP 3137322 12/2000
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine, journal,
INITIALS CITE serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published.
NO.

EXAMINER

DATE CONSIDERED
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Application No. Applicant(s)
10/919,402 NAKAMURA ET AL.
Office Action Summary Examiner Art Unit
‘ Andy Huynh 2818

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- I NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.5.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 17 August 2004.
2a)[] This action is FINAL. 2b)X] This action is non-final. -
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4 Claim(s) 14-23 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5] Claim(s) _____is/are allowed.

6)] Claim(s) 14-23 is/are rejected.

7)] Claim(s) ______is/are objected to.

8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[J The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 17 Auqust 2004 is/are: a)X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.5.C. § 119

12)IX Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X Al b)[] Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[X Certified copies of the priority documents have been received in Application No. 10/307,450.
3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PT0-892) 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)Mail Date. ____
3) X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 08/17/2004. 6) ] Other:
U.S. Patent and Trademark Office
PTOL-326 - Office Action Summa il 11204
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Application/Control Number: 10/919,402 : Page 2
Art Unit: 2818

DETAILED ACTION

In the Preliminary Amendment filed 08/17/2004, the specification is amended, claims 1-
13 are canceled and new claims 14-23 are added is acknowledged. Accordingly, claims 14-23
are pending in the application, which is a divisional of Application No. 10/307,450 filed

12/02/2002, USP 6,784,557.

Priority
Acknowledgment is made of applicants’ claim for foreign priority under 35
U.S.C. 119(a)-(d). The certified copy has been filed in Parent Application No. 10/307,450, filed

12/02/2002.

Information Disclosure Statement
This office acknowledges receipt of the following items from the applicant: Information
Disclosure Statement (IDS) filed 08/17/004. The references cited on the PTOL 1449 form have

been considered.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for the
rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in a patent granted on an application for patent by another filed in the United

States before the invention thereof by the applicant for patent, or on an international application by another who

has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention
thereof by the applicant for patent. .
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Application/Control Number: 10/919,402 Page 3
Art Unit: 2818 ‘

Claims 14 and 16-20 are rejected under 35 U.S.C. 102(e) as being anticipated by Mune et
al. (Pub. No. US 2002/0108781, which is DIV of application No. 09/626,891 filed 07/27/2000,
hereinafter referred to as “Mune”).

Regarding claims 14 and 16, Mune discloses in Fig. 1 and the corresponding texts as set
forth in [0026]-[0059], a semiconductor device, comprises:

a semiconductor element/a semiconductor chip (18);

a first electrode portion/an outer electrode (31) formed on the semiconductor element/the
semiconductor chip, said first electrode portion/the outer electrode comprising a first metal
component (Cu),

a second electrode portion/a solder ball (26) formed on the semiconductor element/the
semiconductor chip and electrically connected to said first electrode portion/the outer electrode,
said second electrode portion/the solder ball comprising a second metal component (Sn) different
from said first metal component; and

a diffusion layer formed between said first electrode portion/the outer electrode and said
second electrode portion/the solder ball,

wherein said diffusion layer comprises said first metal component and said second metal
component.

Regarding claim 17, Mune discloses in Fig. 1 the semiconductor device further comprises
a third electrode portion/an inner electrode (27) formed on a surface of the semiconductor
element/the semiconductor chip and a metal wiring/a conductor layer (21) formed (;n the
semiconductor element, said metal wiring/the conductor layer electrically connecting the first

electrode portion/the outer electrode to the third electrode portion/the inner electrode.
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Application/Control Number: 10/919,402 Page 4
Art Unit: 2818

Regarding claim 18, Mune discloses in Fig. 1 the semiconductor device wherein the
first/the outer and third electrode portion/the inner are horizontally spaced apart with respect to
the semiconductor element/the semiconductor chip.

Regarding claim 19, Mune discloses in Fig. 1 the sénﬁconductor device further comprises
an insulating film (22) formed on said metal wiring/the conductor layer, wherein an opening (24)
of said insulating film exposes a surface of the first electrode portion/the outer electrode, and
wherein said surface of the first electrode portion/the outer electrode is flush with or higher than
a surface of the insulating film.

Regarding claim 20, Mune discloses the semiconductor device wherein the metal

wiring/the conductorAlayer includes copper (see [0045]).

Claim Rejections - 35 USC § 103

/

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

Claims 15 and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mune
et al. (Pub. No. US 2002/0108781, which is DIV of application No. 09/626,891 filed 07/27/2000,
hereinafter referred to as “Mune”).

Mune discloses the claimed limitations except for the semiconductor dévice wherein said

first electrode portion and said diffusion layer have a combined thickness in the range of 10um to
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Application/Control Number: 10/919,402 Page 5
Art Unit: 2818

20pm, and wherein the metal wiring has a thickness in the range of 0.01um to 8um. Mune
discloses the thickness of the outer insulator layer (22) suitably ranges from 5 to 50 pm as set
forth in [0033], and the outer electrode (31) having same thickness as the outer insulator layer,
and the metal wiring/the conductor layer has a thickness in the range of Sum to 15um. It would
have been obvious to one having ordinary skill in the art at the time of the invention was made to
form the first electrode portion and the diffusion layer have a combined thickness in the range of
10pm to 20um, and the metal wiring has a thickness in the range of 0.01um to 8pum, since it has
been held that discovering an optimum value of a result effective variable involves only routine

skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980).

Claims 21 and 22 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mune
et al. (Pub. No. US 2002/0108781, which is DIV of application No. 09/626,891 filed 07/27/2000,
hereinafter refe?red to as “Mune”) in view of Fig. 15C Prior Art, Applicant admitted prior art
(AAPA).

Mune discloses the claimed limitations except for the semiconductor device further
comprises a substrate having a wiring electrode, wherein said wiring electrode is electrically
connected to said second electrode portion; and further comprising an insulating resin layer
formed between the surface of the semiconductor element and the metal wiring, wherein the
metal wiring is formed along a surface of the insulating resin layer. Fig. 15C Priér Art (AAPA)
teaches that the semiconductor device comprises a substrate/a insulating resin layer (7) having a
wiring electrode (4), wherein said wiring electrode is electrically connected to said second

electrode portion (6). It would have been obvious to one of ordinary skill in the art at the time of
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Application/Control Number: 10/919,402 Page 6
Art Unit: 2818

the invention was made to incorporate the teachings of Fig. 15C Prior Art (AAPA) into Mune’s
structure to modify and fofm the semiconductor device further comprising a substrate/a
insulating resin layer having a wiring electrode, wherein said wiring electrode is electrically
connected to said second electrode portion and the metal wiring is formed along a surface of the
insulating resin layer, since it was known in the art and the selection of any of these conventional

semiconductor device would be within the level of ordinary skill in the art.

Conclusion

A shortened statutory périod for response to this action is set to expire 3 (three) months
and 0 (zero) day from the day of this letter. Failure to respond withiﬁ the period for response
will cause the application to become abandoned (see M.P.E.P 710.02(b)).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Andy Huynh, (571) 272-1781. The examiner can normally be
reached on Monday-Friday from 8:30 AM to 5:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
sﬁpervisor, David Nelms can be reached on (571) 272-1787. The Fax number for the
organization where this application or proceeding is assigned is (703) 872-9306.

Any inquiry of a general nature or relating to the -status of this application or proceeding
should be directed to the receptionist whose phone number is (703) 308-0956.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
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Art Unit: 2818

applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

@‘\o@ﬂ(/-«&za

Ah ' Andy Huynh
11/12/04 Patent Examiner
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ES PATENT AND TRADEMARK OFFICE

In re Application of Customer Number: 20277

NAKAMURA, YOSHIFUMI, et al. Confirmation Number: 6102

Application No.: 10/919,402 Group Art Unit: 2818

Filed: August 17,2004 Examiner: Huynh, Andy

For: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Transmitted herewith is an Amendment in the above-identified application.
No additional fee is required. '
Applicant is entitled to small entity status under 37 CFR 1.27
Also attached:

The fee has been calculated as shown below:

TS

NO. OF HIGHEST EXTRA RATE FEE
CLAIMS PREVIOUSLY CLAIMS
PAID FOR
Total Claims 18 20 0 $50.00 = $0.00
Independent Claims 2 3 0 $200.00 = $0.00
Multiple claims newly presented $0.00
Fee for extension of time $0.00
$0.00
Total of Above Calculations $0.00

] Please charge my Deposit Account No. 500417 in the amount of $0.00. An additional copy of this transmittal sheet
is submitted herewith.
X The Commissioner is hereby authorized to charge payment of any fees associated with this communication or credit

any overpayment, to Deposit Account No. 500417, including any filing fees under 37 CFR 1.16 for presentation of

extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully submitted,

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:jrj
Facsimile: 202.756.8087
Date: February 14, 2005

Pleage recogifize our Customer No. 20277 as our
cortlespongénce address.
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Docket No.: 60188-932 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277
NAKAMURA, YOSHIFUMI, et al. Confirmation Number: 6102
Application No.: 10/919,402 Group Art Unit: 2818

Filed: August 17,2004 Examiner: HUYNH, ANDY

For: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

AMENDMENT UNDER 37 C.F.R. §1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
In response to the Office Action dated November 16, 2004, having a shortened statutory

period for response set to expire February 16, 2005, please amend the above-identified

application as follows: VTN
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IN THE CLAIMS

Please amend the claims as follows:

1-13. (Cancelled)

14. (Previously presented) A semiconductor device, comprising:

a semiconductor element;

a first electrode portion formed on the semiconductor element, said first electrode portion
comprising a first metal component;

a second electrode portion formed on the semiconductor element and electrically
connected to said first electrode portion, said second electrode portion comprising a second metal
component different from said first metal component; and

a diffusion layer formed between said first electrode portion and said second electrode
portion,

wherein said diffusion layer comprises said first metal component and said second metal
component.

15. (Currently amended) A [[The]] semiconductor device [[of claim 14,]] comprising:

a semiconductor element;

a first electrode portion formed on the semiconductor element, said first electrode portion

comprising a first metal component;

a second electrode portion formed on the semiconductor element and electrically

connected to said first electrode portion, said second electrode portion comprising a second metal

component different from said first metal component; and

a diffusion laver formed between said first electrode portion and said second electrode

portion,

WDC99 1037937-1.060188.0932
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wherein said diffusion layer comprises said first metal component and said second metal

component, and

said first electrode portion and said diffusion layer have a combined thickness in the
range of 10 ym to 20 um.

16. (Previously presented) The semiconductor device of claim 14, wherein said first
metal component includes copper and said second metal component includes tin.

17. (Previoﬁsly presented) The semiconductor device of claim 14, further comprising a
third electrode portion formed on a surface of the semiconductor elemént and a metal wiring
formed on the semiconductor element, said metal wiring electrically connecting the first
electrode portion to the third electrode portion.

18. (Previously presented) The semiconductor device of claim 17, wherein the first and
third electrode portion are horizontally spaced apart with respect to the semiconductor element.

19. (Previously presented) The semiconductor device of claim 17, further comprising an
insulating film formed on said metal wiring,

wherein an opening of said insulating film exposes a surface of the first electrode portion,
and

wherein said surface of the first electrode portion is flush with or higher than a surface of
the insulating film.

20. (Previously presented) The semiconductor device of claim 17, wherein the metal
wiring includes copper.

21. (Previously presented) The semiconductor device of claim 14, further comprising a
substrate having a wiring electrode,

wherein said wiring electrode is electrically connected to said second electrode portion.

WDC99 1037937-1.060188.0932
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22. (Previously presented) The semiconductor device of claim 17, further comprising an
insulating resin layer formed between the surface of the semiconductor element and the metal
wiring,

wherein the metal wiring is formed along a surface of the insulating resin layer.

23. (Previously presented) The semiconductor device of claim 17, wherein the metal
wiring has a thickness in the range 0f 0.01 pm to 8 um.

24. (New) The semiconductor device of claim 15, wherein said first metal component
includes copper and said second metal component includes tin.

25. (New) The semiconductor device of claim 15, further comprising a third electrode
portion formed on a surface of the semiconductor element and a metal wiring formed on the
semiconductor element, said metal wiring electrically connecting the first electrode portion to the
third electrode portion.

26. (New) The semiconductor device of claim 25, wherein the first electrode portion and
the third electrode portion are horizontally spaced apart with respect to the semiconductor
element.

27. (New) The semicondﬁctor device of claim 25, further comprising an insulating film
formed on said metal wiring,

wherein an opening of said insulating film exposes a surface of the first electrode portion,
and

wherein said surface of the first electrode portion is flush with or higher than a surface of
the insulating film.

28. (New) The semiconductor device of claim 25, wherein the metal wiring includes

copper.
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29. (New) The semiconductor device of claim 15, further comprising a substrate having
a wiring elecfrode, |

wherein said wiring electrode is electrically connected to said second electrode portion.

30. (New) The semiconductor device of claim 25, further comprising an insulating resin
layer formed between the surface of the semiconductor element and the metal wiring,

wherein the metal wiring is formed along a surface of the insulating resin layer.

31. (New) The semiconductor device of claim 25, wherein the metal wiring has a

thickness in the range of 0.01 um to 8 ym.
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REMARKS
L Introduction

In response to the Office Action dated November 16, 2004, Applicants have rewritten
claim 15 into independent format. Also, Applicants have added new claims 24-31. Support for
these amendments can be found, for example, in Figs. 1 and 2, and their corresponding sections
of the specifications. No new matter has been added.

Furthermore, it is noted that prior art reference, JP 3137322, which was submitted in the
Information Disclosure Statement “IDS” filed on August 17, 2004, has not yet been indicated to
have been considered by the Examiner. It is respectfully requested that the Examiner initial this
reference on the PTO-1449 form that' was submitted with the IDS and return the form to the
Applicants so that they can confirm that the reference has been considered. Although a copy of
the foregoing reference was previously submitted with the IDS, an additional copy is enclosed
herewith for the Examiner’s convenience.

For the reasons set forth below, Applicants respectfully submit that all pending claims are

patentable over the cited prior art references.

1I. The Rejection Of Claims 14 and 16-20 Under 35 U.S.C. § 102

Claims 14 and 16-20 are rejected under 35 U.S.C. § 102(e) as being anticipated by US
Pub No. 2002/0108781 to Mune. Applicants respectfully traverse this rejection for at least the
following reasons.

Claim 14 recites in-part a semiconductor device, comprising a first electrode portion and
a diffusion layer, wherein the diffusion layer comprises the first metal component and the second

metal component.
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In accordance with one embodiment of the present invention, a diffusion layer (e.g. Sn-
Cu alloy layer) is formed between the first electrode portion (e.g. external electrode portion 14a)
comprising the first metal component (e.g. Cu) and the second electrode portion (e.g. ball
electrode 16) comprising the second metal component (e.g. Sn) different from the first metal
component, and the diffusion layer is an alloy layer comprising both the first metal component
and the second metal component. In this manner, an alloy including the first metal component
and the second metal component is not entirely formed in the thickness direction of the first
electrode portion. As a result, the present invention advantageously provides a semiconductor
device having high reliability in which the strength of the metal of the first electrode portion can
be maintained (see, e.g., page 15, lines 8-19 of the speciﬁéation).

In the pending rejection, the Examiner asserts that the outer electrodes 31 of Mune
correspond to the claimed first electrode portion, and the solder ball 26 of Mune corresponds to
the claimed second electrode portion.

However, at a minimum, Mune is completely silent as to the materials of the outer
electrodes 31 and the solder ball 26, let alone suggest a diffusion layer comprising their
respective metal component so as to allow it to be positioned between the outer electrodes 31 and
the solder ball 26. Indeed, the Examiner has not identified which element of Muno corresponds
to the claimed diffusion layer and the materials therein. As such, if the Examiner continues to
maintain the pending rejection in the next Office Action, it is respectfully requested that the
Examiner specifically identify the corresponding diffusion layer and the metal components of the
outer electrodes 31 and the solder ball 26 in Muno so that the Applicants rﬁay further address the

Examiner’s arguments.
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Accordingly, as anticipation under 35 U.S.C. § 102 requires that each and every element
of the claim be disclosed, either expressly in ipherently (noting that "inherency may not be
established by probabilities or possibilities", Scaltech Inc. v. Retec/Tetra, 178 F.3d 1378 (Fed.
Cir. 1999)), in a single prior art reference, Akzo N.V. v. U.S. Int’l Trade Commission, 808 F.2d
1471 (Fed. Cir. 1986), based.on the forgoing, it is submitted that Mune does not anticipate claims

14 and 15, nor any claim dependent thereon.

I11. The Rejection Of Claims 15 and 23 Under 35 U.S.C. § 103

Claims 15 and 23 are rejected under 35 U.S.C. § 103 as being unpatentable over Mune.
Applicants respectfully traverse this rejection for at least the following reasons.

Claim 15 recites a semiconductor device, wherein the first electrode portion and the
diffusion layer have a combined thickness in the range of 10 ym to 20 um.

In accordance with one exemplary embodiment of the present invention, an electrode
portion has a thickness in the range of 10um to 20um. It is respectfully submitted that the
foregoing claimed range provides new and unexpected resultsvover the relied on range of Sum to
50um of Mune. In particular, it is respectfully submitted that “the claims are directed to a
narrow range, [and] the reference [Mune] teaches a broad range, and there is evidence of
unexpected results within the claimed narrow range” so that Mune does not disclose or suggest
the claimed narrow range with “sufficient specificity.” The Examiner is directed to MPEP §
2131.03 under the heading “Prior Art ... With Sufficient Specificity” for the applicable standard.

In the instant case, it is respectfully submitted that such a range has criticality and

provides new and unexpected results at both the upper and lower limit thereof. As discussed in

detail on page 16, line 10 — page 17, line 15 of Applicants’ specification, Applicants have
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discovered that an electrode thickness less than 10um is susceptible to being disconnected while
a thickness more than 20um can lead to greater pattern deformation. Applicants have further
discovered that if the thickness of the external electrode portion exceeds 20um, it is difficult to
form the resist mask 23 having a sufficient thickness (see FIG. 11D) near the openings (i.e.,
stepped portions) of the insulating film 15 (see page 41, line 24 — page 42, line 2 of Applicants’
specification). Even further, Applicants have discovered that a thickness over 20um can cause
wafer bending which may decrease a yield rate of the semiconductor devices.

Only Applicants’ have discovered the dual benefits set at both range limits for the
electrode thickness. It should be noted that the “disconnection occurrence at thicknesses less
than 10 um” and “pattern deformations/decreased yield rate at thicknesses greater than 20 um”
exemplify results that are independent of each other, thereby emphasizing the new and
unexpected characteristic thereof. The cited prior art is completely silent as to suggesting a
thickness range where the upper and lower limits are determined based on independent factors,
let alone the specific factors of “disconnections” and “pattern deformation/yield rate” as
disclosed in the present invention.

It should also be recognized that the fact that the prior art could be modified so as to
result in the combination defined by the claims at bar would not have made the modification
obvious unless the prior art suggests the desirability of the modification. In re Deminski, 796
F.2d 436, 230 USPQ 313 (Fed. Cir. 1986).

Moreover, recognizing after the fact that such a modification would provide an
improvement or advantage, without suggestion thereof by the prior art, rather than dictating a

conclusion of obviousness, is an indication of improper application of hindsight considerations.
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Simplicity and hindsight are not proper criteria for resolving obviousness. In re Warner, 379
F.2d 1011, 154 USPQ 173 (CCPA 1967). :

It is only Applicants’ disclosure that discloses the foregoing claimed range. Thus, the
only motivation of record for the proposed modification of the range of Mune to arrive at the
claimed invention is found in Applicants’ disclosure which, of course, may not properly be relied
upon to support the ultimate legal conclusion of obviousness under 35 U.S.C. § 103. Panduit
Corp. v. Dennison Mfg. Co., 810 F.2d 1561, 2271 USPQ2d 1593 (Fed. Cir. 1987).

For all of the foregoing reasons, it is respectfully submitted that claim 15 is patentable

over the cited prior art.

IV. Conclusion
Accordingly, it is urged that the application is in condition for allowance, an indication of
which is respectfully solicited.
If there are any outstanding issues that might be resolved by an interview or an
Examiner’s amendment, the Examiner is requested to call Applicants’ attorney at the telephone

number shown below.

10

WDC99 1037937-1.060188.0932

Page 122 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



| A‘pplication No.: 10/919,402

To the extent necessary, a petition for an extension of time under 37 C.F.R. § 1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF/AHC
Facsimile: 202.756.8087

Date: February 14, 2005
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LL & EMERY LLP

Please ree6gnize our Customer No. 20277
as our correspondence address.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

20277 7590 04/08/2005 ' l EXAMINER ]
MCDERMOTT WILL & EMERY LLP HUYNH, ANDY
600 13TH STREET, N.W.
WASHINGTON, DC 20005-3096 I ART UNIT |  paperNUMBER |

2818
DATE MAILED: 04/08/2005

APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

10/919,402 08/17/2004 Yoshifumi Nakamura 60188-932 6102
TITLE OF INVENTION: SEMICONDUCTOR DEVICE INCLUDING A DIFFUSION LAYER '

| APPLN. TYPE | SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional NO $1400 $300 $1700 07/08/2005

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box Sa on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax  (703) 746-4000
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Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individual Corporation or other private group-entity (J Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
(1 tssue Fee [J A check in the amount of the fee(s) is enclosed.
(] Publication Fee (No small entity discount permitted) ] Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (J The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this fomrS.

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. (b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to a;f)ply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311, The information is re(ilqired to obtain or retain a benefit bg the public which is to file (and by the USPTO to process)

an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and

submitting the completed application form to the USPTO. Time will va d(c:ﬂgndin§ upon the individual case. Any comments on the amount of time you require to complete

this form and/or stﬁ‘gcstipns_ for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.

%)x 1422, A\l/c:xap 1 3,2\3/;3@;1‘;2 022313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev.ll)fr)(g)eAJp%yeﬂg |ls?lgough 04/3012007. OMB 0651-0033  U.S. Patent and ra¥bmrt DHde. 1o X BEPRRIT1ENY O commerce

Samsung v. Tessera




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW,Usplo.gov
I APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO.—[— CONFIRMATION NO. I
10/919,402 08/17/2004 Yoshifumi Nakamura 60188-932 6102
20277 7590 04/08/2005 I EXAMINER I
MCDERMOTT WILL & EMERY LLP HUYNH, ANDY
600 13TH STREET, N.W.
WASHINGTON, DC 20005-3096 | ART UNIT | PaperNUMBER |
2818

DATE MAILED: 04/08/2005

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571) 272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
. . 10/919,402 NAKAMURA ET AL.
Notice of Allowability Examiner Art Unit
Andy Huynh 2818

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to the Amendment dated 02/14/05.

2. [X] The allowed claim(s) is/are 14-31.
3. Xl The drawings filed on 17 August 2004 are accepted by the Examiner.

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)d Al b)[J Some* .c)[]None ofthe: '
1. [J Certified copies of the priority documents have been received.
2. [{ Certified copies of the priority documents have been received in Application No. 10/307,450 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [] hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application (PTO-152)
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. & Examiner's Amendment/Comment
Paper No./Mail Date 08/17/2004
4. [7] Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance
of Biological Material 9. [7] Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 032405
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Application/Control Number: 10/919,402 Page 2
Art Unit: 2818

DETAILED ACTION

In the Amendment dated February 14, 2005, claims 1-13 are canceled, claim 15 is
amended and new claims 24-31 are added are acknowledged. Accordingly, claims 14-31 are

pending in this application.

Examiner’s Amendment
An examiner's amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
The application has been amended as follows:
The title of the invention has been changed as follows:

-SEMICONDUCTOR DEVICE INCLUDING A DIFFUSION LAYER--.

Allowable Subject Matter
Claims 14-31 are allowed.
The following is an examiner’s statement of reason for allowance:
Claims 14 and 16-23 are allowable over the prior art of record because the prior art of
record does not teach or render obvious a semiconductor device comprises the diffusion layer
comprising the first metal component and the second metal component, and in combination with

all other features as recited in independent claim 14.
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Application/Control Number: 10/919,402 Page 3
Art Unit: 2818

Claims 15 and 24-31 are allowable over the prior art of record because the prior art of
record does not teach or render obvious a semiconductor device comprises the diffusion layer
comprising the first metal component and the second metal component and the first electrode
portion and the diffusion layer have a combined thickness in the range of 10 pm to 20 um, and in

combination with all other features as recited in independent claim 15.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance”.

Conclusion

Any inquiry concerning this communication or earlier communications froni the
examiner should be directed to Andy Huynh whose telephone number is (571) 272-1781. The
examiner can normally be reached on Monday-Friday 8:30am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, David Nelms can be reached on (571) 272-1787. The fax phone numbers for the
organization where this application or proceeding is assigned are (703) 872-9306 for regular
communications and (703) 872-9306 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 308-0956.
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Application/Control Number: 10/919,402 Page 4
Art Unit: 2818

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about t.he PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Actihecs2

Ah | Andy Huynh
03/24/05 | Patent Examiner
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SHEET 1 OF 1
INFORMATION DISCLOSURE CITATION | ATTY. DOCKET NO. SERIAL NO.
60188-932 Divisional of 10/307,450
IN AN
APPLICATION
APPLICANT
Yoshfumi NAKAMURA, et al.
FILING DATE GROUP
(PTO-1449) August 17, 2004 To be assigned
~Us. PATENT DOCUMENTS
EXAMINER'S Document Numbar Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where Relevant
INITIALS CITE | Number-Kind Codas ¢ umen MM-DD-YYYY Document Passages or Relevant Figures Appear
NO.
( A us 5,719,439 02/17/1998 lwasaki et al. immorem——
us 5,892,273 04/06/1999 Iwasaki et al, —_——
US | 2002/0108781A1 8/2002 Mune et al —
us 6,587,353 7/2003 Sumikawa et al —
us 6,512,298 1/2003 Sahara et al —
us 6,475,896 11/2002 Hashimoto —_——
us 6,414,390 712002 Nozawa ——
n Us 6,386,157 5/2002 Nakanishi-et al o
M us 5,604,379 2/1997 Mori ——
B , LT —FOREIGN PATENT DOCUMENTS . .~ .~ .. _ NER
EXAMINER'S Forelgn Patant Document Pubiication Date | Name of Pateres or Applicant Pages, Translation
INITIALS CITE Country Codes-Numbsr 4 -Kind MM-DD-YYYY of Cited Document Columns,
NO. Codes (if known) Lines Where
Ralevant
Flgures
Appear
Yos [ No
JP 2001-291733 A 10/19/2001 | CASIO COMPUT CO JAPAN (w/ English
&J& LTD ——— | Abstract and Partial
English Translation)
JP 2001-118956 A 04/27/2001 MATSUSHITA JAPAN (w/ English
ELECTRONICS Abstract and Partial
INDUSTRY English Translation)
JP 2001-291721 A 10/19/2001 NEC CORP. .| JAPAN (w/ English
Abstract and Partial
English Translation)
JP 9- 129772 A 05/16/1997 TOSHIBA CORP. JAPAN (w/ English
~—— | Abstract and Panrtial
English Translation)
JP 2000-299405 A 10]2475000 ROHM CO LTD. JAPAN (w/ English
| Abstract and Partial
English Translation)
I JP 10079362 3/11988 Fukazawa et al — Se——
[Z31/ JP 3137322 12/2000 —_ —
‘ “"GTHER ART (including Auhor, Tille, Date, Pedinent Pages, EIc.) T .
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriata), title of the item (book, magazine, journal,
INITIALS CITE | senial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city an/or country where published,
NO.

AN N

EXAMINER

DATE CONSIDERED

0324/ 05—
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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

P,Lzﬂa—« a2t —3 /F(v:a fwﬁ«‘% o o DIV o} 10 [347, 450 4-‘/.».04 ({6 2/ 10T
BACKGROUND OF THEINVENTION | ¢ €% s
The present invention generally relates to a semiconductor device in which a metal
5 wiring is formed so as to be electrically connected to an electrode of a semiconductor
element and a part of the metal wiring is used as an external electrode, and a
manufacturing method of the same. More particularly, the present invention relates to a
semiconductor device having excellent junction reliability between a metal wiring and a
ball electrode mounted to an external electrode portion of the metal wiring, and a

10  manufacturing niethod of the same.

With recent reduction in size and improvement in functions of electronic
equipments, an increasing number of input/output (I/O) pins is fom)ed in a semiconductor
element, and therefore the pitch of electrodes is reduced.

Especially in a CSP (Chip Size Package) type semiconductor device, electrodes of

15 a semiconductor element are formed by a dry etching method in a diffusion process,
whereas wiring electrodes of a substrate on which the semiconductor element is mounted
are formed by a wet etching method in an assembling process. Accordingly, the pitch of
the wiring electrodes of the substrate on which the semiconductor element is mounted is
necessarily greater than that of the electrodes of the semiconductor element. In view of

20 this, a semiconductor device is increasingly developed which deals with the difference
t;ehNeen the electrode pitch of the semiconductor element and the wiring-electrode pitch of
the substrate. In such a semiconductor device, metal wirings are formed so as to be
electrically connected to the respective electrodes of the semiconductor element and a part
of each metal wiring is used as an external electrode in order to increase the distance

25  between the external electrodes.
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- 3, N >
’ MAY 0 4 2095 é?
Docket No.: 060188-0932 &
& TRapes
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT

In re Application of : Customer Number: 20277
Yoshifumi NAKAMURA, et al. . Confirmation Number: 6102
Application No.: 10/919,402 Group Art Unit: 2818

Filed: August 17,2004 ; Examiner: Huynh, Andy

For: SEMICONDUCTOR DEVICE INCLUDfNG A DIFFUSION LAYER (As Amended)

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
This Information Disclosur‘ejStatement is being filed more than three months after the

U.S. filing date and after the mailing date of a Final Rejection or Notice of Allowance, but before

payment of the Issue Fee.

REQUEST TO CONSIDER REFERENCES AFTER CLOSE OF PROSECUTION AND

BEFORE PAYMENT OF ISSUE FEE
The undersigned hereby requests consideration and entry of this Information Disclosure
Statement and accompanying references under 37 CFR 1.97(d).

Please charge the processing fee under 1.17(p) of $180.00 to Deposit Account 500417,

05/05/2005 SZEWDIEL 00000089 500417 10919402
01 FC:1806 180.00 DA

Page 139 of 199 SAMSUNG EXHIBIT 1004
Samsung v. Tessera



10/919,402
/
CERTIFICATION PARAGRAPH

The undersigned certifies that each item of information contained in this Information

Disclosure Statement was first ciFed-in a communication from a foreign patent office in a
counterpart foreign application not more than three months prior to the filing of this Information
Disclosure Statement as described in 37 CFR 1.97(e)(1).

Each non-English language reference was cited in a corresponding foreign application
office action and its relevance discussed therein. . A copy of the foreign office action, together
with an English language version thereof, is attached for the Examiner's information.

Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

600 13™ Street, N.W. Pleaserecognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:gav

Facsimile: 202.756.8087

Date: May 4, 2005
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INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
CITATION IN AN 060188-0932 10/919,402
APPLICATION
APPLICANT
Yoshifumi NAKAMURA, et al.
(PTO- 1 449) FILING DATE GROUP
August 17, 2004 2818
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codex i known MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us 6,207,473 B1 03/2712001 Hirai et al. Corresponds with CN 1234908 A
us
us
us
us
us
us
us
us
us
us
us
us
us .
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Translation
INITIALS CITE Country Codea-Number «-Kind MM-DD-YYYY Applicant of Cited Lines Where . A
NO. Codes (if known) Document Relevant Figures Yes No
Appear
CN 1234908 A 11/10/1999 - Corresponds with X
- USP 6,207,473 B1
JP 2001-135742 A 05/18/2001 TOPPAN PRINTING JAPAN (w/English
COLTD. Abstract)
JP 2000-188305 07/04/2000 SANYO ELECTRIC JAPAN (W/English
COLTD. Abstract)
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS CITE joull)'lr;:tl;esderial. symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. pu N

EXAMINER DATE CONSIDERED

*EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

DATE MAILED:

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION ’
EXAMINER
ART UNIT PAPER
062005

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

The Information Disclosure Statement (IDS) filed May 04, 2005 has been entered and considered.
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SHEET 1 OF 1
e =S T
INFORMATION DISCLOSURE ATTY, DOCKET NO. SERIAL NO.
CITATION IN AN 060188-0932 10/919,402
APPLICANT
Yoshifumi NAKAMURA, et al.
(PTO- 1 449) FILING DATE GROUP
August 17, 2004 2818
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez i kmown MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
//\‘M‘ us 6,207,473 B1 0372712001 Hirai et al, Corresponds with CN 1234808 A
us A
us L
Us /
us /
us //
us /
US /
us B /
Us el
us /
Us //
Us /
us - ] .
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date | Name of Patentee or Pages, Columns, Translation
INITIALS CITE Country Codes-Number «Kind | MM-DD-YYYY Applicant of Cited Lines Where
NO. Codes (if knawn) Document Relevant Figures Yes No
Appear
CN 1234908 A 11/10/1999 . Correspo:rds with X
M . USP 6,207,473 B
%l JP 2001135742 A 0571812001 TOPPAN PRINTING JAPAN (WIEnglish
COLTD. Abstract)
JP 2660-188305 0710412000 SANYO ELECTRIC JAPAN (w/English
QA _ coLo. Abstract)
—-’—'——},
l__—-—"‘
]
/
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS ce |Journal, seral, sympasium, catalog, etc.), date, page(s), volume-issue number(s), publishes, city and/or country where
NO. | published. /
//
/
/
-

EXAMINER

Men S22

(

DATE CONSIDERED

06({20[05 -

"EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and nol considered,

Include copy of this form with next communication to applicant.

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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TA148-0017-US-02 PATENT
10/919,402

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Nakamura, et al. Docket No.: TA148-0017-US-02
Applicant(s): Tessera Advanced Art Unit: 2818

Technologies, Inc. ConfNo 6102
Application No.: 10/919,402 Examiner: HUYNH, ANDY
Date Filed: 08-17-2004
Title: SEMICONDUCTOR DEVICE INCLUDING A DIFFUSION LAYER

COMMISSIONER FOR PATENTS
PO Box 1450
Alexandria, VA 22313-1450

REQUEST FOR CERTIFICATE OF CORRECTION
PTO’S ERROR

Dear Sir:

The Patentee submits herewith PTO Form PTO/SB/44 Certificate of Correction. This
submission corrects an error by the U.S. Patent and Trademark Office (USPTO). Applicant’s
claim amendments filed on February 14, 2005 show the correct text on page 3, line 4. More
particularly, the claim presented by the applicant recited “10 um to 20 um.” Upon printing, the
USPTO printer incorrectly omitted the second instance of “u.” Accordingly, the
Applicant/Assignee requests a Certificate of Correction at the expense of the USPTO to correct
this error. We believe that no fee is due. However, if a fee is required, please charge deposit

account no. 50-4701.
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TA148-0017-US-02 PATENT
10/919,402

If any questions remain or anything additional is required to correct this patent copy,

please contact the undersigned at (408) 321-6069.

Date: _ March 22, 2016 Respectfully submitted,
Customer Number 79220
By /Christopher Lattin/
Christopher Lattin

Attorney, Reg. No. 56,064

Attorney for Applicant

Tessera Advanced Technologies, Inc.
Attorney phone: (408) 321-6069
3025 Orchard Parkway

San Jose, California 95134
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PTO/SB/44 (09-07)
Approved for use through 08/31/2013. OMB 0651-0033
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page _ 1 of_ 1
PATENT NO. 6,054 001

APPLICATION NO.: 1(/818,402

ISSUE DATE © QOctober 11, 2005

INVENTOR(®S) ' vashifumi NAKAMURA, et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

in the Claims, In Claim 10, Line 18,

Add --u-- immediately before "m.” such that the claim recites "20 ym."

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Tessera Advanced Technologies, Inc.
3025 Orchard Parkway
San Jose, CA 85134

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,

VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 25257843
Application Number: 10919402
International Application Number:
Confirmation Number: 6102

Title of Invention:

SEMICONDUCTOR DEVICE INCLUDING A DIFFUSION LAYER

First Named Inventor/Applicant Name:

Yoshifumi Nakamura

Customer Number:

20277

Filer:

Christopher W. Lattin/Jennifer Kostic

Filer Authorized By:

Christopher W. Lattin

Attorney Docket Number: 60188-932
Receipt Date: 22-MAR-2016
Filing Date: 17-AUG-2004
Time Stamp: 12:58:38

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
60273
1 Power of Attorney PoA.pdf no 1
c436ea05e40e7feabf5e266bd0ed 14780a63)]

7143

Warnings:
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64740
) Assignee showing of ownership per 37 TA148-0017-US-02_373- no )
CFR3.73 Statement.pdf
1cde4fe651949490193¢7311abB83f230a0c5|
abff
Warnings:
Information:
58891
3 Request for Certificate of Correction TA148-0017-US-02_CoC.pdf no 2
5048a3ccaee080d7594eb1ed 188fa1f65b99)
Warnings:
Information:
TA148-0017 91838
4 Request for Certificate of Correction US-02_CoCRequest.pdf no 1
bB0085f511bf9a8b0cdfofad69f65bd8fa678)
33
Warnings:
Information:
Total Files Size (in bytes): 275742

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/80 (11-08)

Approved for use through 11/30/2011. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).

| hereby appoint:

Practitioners associated with the Customer Number: 79220

OR
|:| Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration
Number

Name Registration
Number

as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

The address associated with Customer Number: 79220

OR
Firm or
Individual Name
Address

City State Zip

Country

Telephone Email

Assignee Name and Address:

Tessera Advanced Technologies, Inc.
3025 Orchard Parkway
San Jose, CA 95134

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTQ/SB/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the application in which this Power of Attorney is to be filed.

SIGNATURE of Assignee of Record

Signature > Date
Name Paul Davis Telephone
Title Senior Vice President and General Counsel

This coiiection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to compiete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to compiete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: ! &8sera Advanced Technologies, Inc.

Application No./Patent No.: Fatent No. 6854001 Filed/Issue Date:
Titleg: SEMICONDUCTOR DEVICE INCLUDING A DIFFUSION LAYER

Tessera Advanced Technologies, Inc. a Corporation

issue Date 10/11/2005

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: nventors: NAKAMURA, et al. To: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD,

The document was recorded in the United States Patent and Trademark Office at

Reel 013540 , Frame 0756 , or for which a copy thereof is attached.

5 From: MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD. To. PANASONIC CORPORATION

The document was recorded in the United States Patent and Trademark Office at
Reel 033777 , Frame 0873 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

PANASONIC CORPORATION To: PANNOVA SEMIC, LLC

4. From:

The document was recorded in the United States Patent and Trademark Office at

5. From:

6. From:

Reel 036065 , Frame 0273 , or for which a copy thereof is attached.
PANNOVA SEMIC, LLC To: TESSERA ADVANCED TECHNOLOGIES, INC.
The document was recorded in the United States Patent and Trademark Office at
Reel 37581 , Frame 0468 , or for which a copy thereof is attached.
To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Christopher Lattin/ March 21, 2016
Signature Date

Christopher Lattin 56,064

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/919,402 08/17/2004 Yoshifumi Nakamura
CONFIRMATION NO. 6102
79220 POA ACCEPTANCE LETTER

Tessera Intellectual Properties Corp.
c/o Christopher Lattin IR RO TR

3025 Orchard Parkway 0000816550

San Jose, CA 95134
Date Mailed: 03/24/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/22/2016.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmturner myles/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

| APPLICATION NUMBER |

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

FILING OR 371(C) DATE |

FIRST NAMED APPLICANT I

10/919,402 08/17/2004
20277

MCDERMOTT WILL & EMERY LLP

The McDermott Building

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

ATTY. DOCKET NO./TITLE |
Yoshifumi Nakamura

CONFIRMATION NO. 6102
POWER OF ATTORNEY NOTICE

IR DR AR AT

00008165505

Date Mailed: 03/24/2016

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/22/2016.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmturner myles/
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 16,954,001 B2 Page 1of1
APPLICATION NO. : 10/919402

DATED : October 11, 2005

INVENTORC(S) : Yoshifumi Nakamura et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims, In Claim 10, Line 16,

Add --p-- immediately before “m.” such that the claim recites “20 um.”

Signed and Sealed this
Third Day of May, 2016

Debatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office
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