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LISTING OF CLAIMS

Claim 1

2]

[3]

[4]

[Ipre] | Circuit module, comprising

[1a] a first insulator layer having a first surface and a second surface;

[1b] at least one second insulator layer on the first surface;

[1c] at least one component inside the at least one second insulator layer, the
at least one component comprising contact terminals containing a first
metal,

[1d] conductors on the second surface of the first insulator layer, the
conductors comprising at least a first layer and a second layer, in such a
way that at least the second layer contains a second metal, and

[1e] contact elements between the contact terminals and the conductors for
forming electrical contacts, the contact elements comprising an
intermediate layer on the surface of the contact terminal, the
intermediate layer containing a third metal,

[11] a contact surface area (Aconr 1) between the intermediate layer and the

contact terminal being less than a surface area (Apap) of the contact
terminal.

Claim 2

The circuit module of claim 1, wherein the first metal is aluminium, the
second metal is copper, and the third metal is at least one of the metals
zinc and nickel.

Claim 3

The circuit module of claim 1, wherein the first metal is gold, the
second metal is copper, and the third metal is nickel.

Claim 4

The circuit module of claim 1, wherein the intermediate layer comprises
a layer containing zinc.

vii
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Claim 5

[5]

[6]

[7]

The circuit module of claim 1, wherein the intermediate layer comprises
a layer containing copper.

Claim 6

The circuit module of claim 1, wherein the intermediate layer comprises
at least one layer of nickel and/or of nickel and aluminium.

Claim 7

The circuit module of claim 1, wherein the intermediate layer extends
along the side walls of the contact elements between the contact
terminals and the conductors.

Claim 8

[8]

[9]

[10]

The circuit module of claim 1, wherein each contact element comprises
a copper core, which connects continuously to the material of the
second layer of the conductors.

Claim 9

The circuit module of claim 1, wherein the conductors comprise a first
layer of copper on the second surface of the first insulator layer, and a
second layer of copper on the surface of the first copper layer.

Claim 10

The circuit module of claim 1, wherein the conductors comprise a first
layer of copper on the second surface of the first insulator layer, an
intermediate layer on the surface of the first copper layer, and

a second layer of copper on the surface of the intermediate layer.

viil
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Claim 11

[11]

The circuit module of claim 10, wherein the intermediate layer between
the first and second coppers layers comprises copper grown by a

chemical growing method or nickel grown by a chemical growing
method.

Claim 12

[12] The circuit module of claim 1, wherein a width (WCONT) of the

contact surface between the contact element and the contact terminal of

the component is 0-20% less than a greatest width (WMAX) of the
contact element in the same direction.

Claim 13

[13] The circuit module of claim 1, wherein a height (H) of the contact

element is less than, or equal to a greatest width (WMAX) of the
contact element.

Claim 14

[14] The circuit module of claim 1, wherein the at least one second insulator

layer contains at least one layer of fibre material and an opening in the
fibre material for the at least one component.

Claim 15

[15]

The circuit module of claim 1, comprising a polymer layer between the

first insulator layer and the at least one component and contact holes
for the contact elements in the polymer layer.

Claim 16

[16] The circuit module of claim 15, wherein the polymer layer comprises
layer of a hardened adhesive.

Claim 17

[17pre] |Circuit module, comprising
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[17a] a conductor layer comprising conductors, the conductors having a first
surface and a second surface and at least two layers of metal between
the first surface and the second surface;

[17b] |a first insulator layer having a first surface and a second surface, the
second surface of the first insulator layer covering the first surface of
the conductors;

[17c] at least one second insulator layer on the first surface of the first
insulator layer;

[17d] |at least one component inside the at least one second insulator layer, the
at least one component comprising contact terminals containing at least
one layer of metal;

[17e] |contact elements between at least some of the contact terminals and at
least some of the conductors for forming electrical contacts, the contact
elements comprising an intermediate layer on the surface of the contact
terminal, the intermediate layer containing at least one layer of metal,

[171] a contact surface area (ACONT 1) between the intermediate layer and
the contact terminal being less than a surface area (APAD) of the
contact terminal;

[17g] |atleast one layer of metal in the contact terminals containing a first
metal; at least one layer of metal in the conductors containing a second
metal; and the intermediate layer containing a third metal.

Claim 18

[18] The circuit module of claim 17, comprising a layer of hardened
adhesive between the first insulator layer and the at least one
component.

Claim 19

[19pre] | Circuit module, comprising

[19a] a conductor layer comprising conductors, the conductors having a first
surface and a second surface and at least two layers of metal between
the first surface and the second surface;
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[19b]

a first insulator layer having a first surface and a second surface, the
second surface of the first insulator layer entirely covering the first
surface of the conductors;

[19¢]

at least one second insulator layer on the first surface of the first
insulator layer;

[19d]

at least one component inside the at least one second insulator layer, the
at least one component comprising contact terminals containing at least
one layer of metal; and

[19¢]

contact elements between at least some of the contact terminals and at
least some of the conductors for forming electrical contacts, the contact
elements comprising an intermediate layer on the surface of the contact
terminal, the intermediate layer containing at least one layer of metal,

[191]

[20]

Claim 20

a contact surface area (ACONT 1) between the intermediate layer and
the contact terminal being less than a surface area (APAD) of the
contact terminal.

The circuit module of claim 19, comprising a layer of hardened
adhesive between the first insulator layer and the at least one
component.

X1
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I. INTRODUCTION

Apple Inc. (“Apple” or “Petitioner”) petitions for IPR of claims 1-20
(“Challenged Claims™) of U.S. Patent No. 9,107,324 (“the *324 Patent”).

II. REQUIREMENTS FOR IPR UNDER 37 C.F.R. §42.104
A.  Grounds for Standing Under 37 C.F.R. §42.104(a)

Petitioner certifies that IPR is available and Petitioner is not barred/estopped.

B. Challenge Under 37 C.F.R. §42.104(b) and Relief Requested

Petitioner requests IPR based on the following grounds. Additional
explanation is provided in APPLE-1003, the Declaration of Dr. Subramanian.

APPLE-1003, q1-280.

Ground ’324 Patent Claims Basis for Rejection
1A-102, §102, §103 — Sakamoto (US
1A-103 1-2,4-11,13-15, 17, 19 2004/0168825)
§103 — Sakamoto, Eichelberger (US
1B 3,9-11 6.396,143)
9-11 §103 — Sakamoto, Chang (“Integrated
1C Electrochemical Deposition of Copper
Metallization for Ultralarge-Scale
Integrated Circuits”™)
D 12, 13,15 §103 — Sakamoto, Ito (US
2007/0126030)
1E 15-16, 18, 20 §103 — Sakamoto, Tuominen (WO
2006/056643)
2A 1-2,4, 6'82’010'12’ 13- 15103 — Lee (US 2008/0032447)
2B 1-2, 4-12, 14-20 §103 — Lee, Sakamoto




Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

Ground ’324 Patent Claims Basis for Rejection
2C 3 §103 — Lee, Eichelberger
2D 13,15 §103 — Lee, Ito
2E 15-16, 18, 20 §103 — Lee, Tuominen

The °324 Patent claims priority to Finnish Application No. 20085443, filed
on May 12, 2008. APPLE-1001, Cover. Although priority is not conceded, each

reference qualifies as prior art with respect to the earliest claimed priority date of

May 12, 2008:
Reference Date Prior Art Under

Sakamoto 9/2/2004 (published) §102(b)
Eichelberger | 5/28/2002 (published) §102(b)
Chang 01/2004 (published) §102(b)
o 6/7/2007 (published) §102(a)

11/18/2006 (filed) §102(e)
Lo 2/7/2008 (published) §102(a)

8/31/2006 (filed) §102(e)
Tuominen 6/1/2006 (published) §102(b)

Chang was available to the public at least by January 2004. See APPLE-1029.

C. Claim Construction

All claim terms should be construed according to the Phillips standard.
Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005). Petitioner submits that
formal claim constructions are presently unnecessary in view of substantial overlap

between the prior art teachings applied in the grounds below and the preferred
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embodiments of the °324 Patent.! Wellman, Inc. v. Eastman Chem. Co., 642 F.3d
1355, 1361 (Fed. Cir. 2011); APPLE-1003, 921-23.

III. THE ’324 PATENT
A.  Summary

The 324 Patent purports to provide improvements for contacting circuit
modules. APPLE-1001, 3:10-4:41; APPLE-1003, 956. It notes difficulties in
forming contacts between aluminum and copper. APPLE-1001, 2:6-7; APPLE-
1003, 956-59.

As best understood by Petitioner, claim 1 of the *324 Patent is represented
by FIG. 29. See APPLE-1001, 22:5-24:36. In FIG. 29, first, second, and third
intermediate layers 33, 34, and 35 are arranged on an “aluminum” contact area 7.
1d., 20:6-45. Layer 33 is formed “using a chemical growing method to grow a layer
containing zinc,” which “grows only on the base part 36” because the conductor
foil 12 1s composed of copper. 1d., 28-33; APPLE-1003, 960. Intermediate layers
34, 35 are composed of chemically-grown nickel and copper, respectively.

APPLE-1001, 20:33-41; APPLE-1003, 960. As such, the 324 Patent uses a

! Petitioner is not conceding that each claim satisfies all statutory requirements, nor
waiving any arguments concerning claim scope or grounds that can only be raised

in district court.



Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

multilayer structure to make an electrical connection to an aluminum contact.
APPLE-1003, 460-62.

Copper “made using an electrochemical growing method” forms both “a
copper core 29” and a “second layer 32 “manufactured in the same process,” so

that the copper core 29 and the second layer 32 “connect[] continuously” and

“there 1s no interface between them.” APPLE-1001, 23:29-39; APPLE-1003, 961.

324 3¢8
351 22
127 29
37— 30
25 4 ! 25
33~ .
| [
324 Patent FIG. 29

B.  Prosecution History

U.S. 9,107,324 issued on July 17,2012, from U.S. Patent Application No.
12/699,628, which was filed on February 3, 2010. See APPLE-1002. No Office
Actions were issued during prosecution of the *324 Patent. The Examiner’s reasons
for allowance pointed to the claimed “contact elements” limitation, stating that this
limitation “was neither found to be disclosed in nor suggested by the prior art.”

APPLE-1002, 17; APPLE-1003, 463-64.
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C. Level of Ordinary Skill

A person having ordinary skill in the art (“POSITA”) at the time of the
alleged invention would have had a bachelor’s degree in electrical engineering,
material science, applied physics, or a related field, and at least three years of
experience in the research, design, development, or testing of circuit board or
microcircuit components, or the equivalent, with additional education substituting
for experience and vice versa. APPLE-1003, 924-25.

IV.  GROUNDS 1A-102 and 1A-103: Claims 1-2, 4-11, 13-15, 17, and
19 are anticipated by or obvious over Sakamoto

A. Sakamoto

Sakamoto (US 2004/0168825) is directed to “a structure capable of
electrically connecting a multilayer printed circuit board to an IC chip.” APPLE-
1005, [0009]. An example of the contact structure of Sakamoto is shown in FIGS.
2(C) and 7, reproduced below. A “transition layer 38" on the “die pad 24 of an
“IC chip 20” includes “three layers” including a “first thin film layer 33,” a
“second thin film layer 36,” and a “thickening film [or layer] 37.” APPLE-1005,
[0101]. The transition layer 38 contacts the die pad 24 through an opening in a
passivation film 22 (incorrectly given the reference number 24 in the

specification). APPLE-1005, [0101], FIG. 2(C); APPLE-1003, 965-68.
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film layer 33 filmla
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yer 36
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piepad | 33 24 37 35
N\ ( sz / (' 36 ,
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AT e
7 .~ —
—,/_” /4— / ‘}:/ // /' // // \I// // i)// yd
chi PElelV’lthll
. hp20 film 22 20 30
Sakamoto FIG. 2(C)?

33

/

Thicke

1I\

Second thin

)/%ﬁ film layer 36

K. Z 7 yd
; First thin \ o
Die pad 24 film 1 13 Passivation
1lm layer - film 22
Sakamoto FIG. 7(A)

2 Figure annotations added throughout.
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The IC chip 20 is mounted in an “adhesive material 34” provided in a recess
of “an insulating resin substrate (or core substrate) 30.” APPLE-1005, [0106],
[0107], FIG. 1(D). An “interlayer resin insulating layer 50” is on the passivation
film 22 and the transition layer 38. APPLE-1005, [0118], FIG. 4(C). “[C]onductor
circuits 58 each consisting of [a] metallic layer 52 and [an] electroplated film 56
are on layer 50 and contact the transition layer 38. APPLE-1005, [0125], FIG.
4(C); APPLE-1003, 969. FIG. 6 of Sakamoto illustrates a fully-manufactured
“multilayer printed circuit board.” APPLE-1005, [0099], [0105]; APPLE-1003,

q70.
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Sakamoto FIG. 6

Sakamoto is analogous art to the *324 Patent. APPLE-1003, 71. Both are in
the same fields of endeavor of IC manufacture and structure and address the
problem of contacting aluminum pads. The *324 Patent describes that “[t]he object

of the invention is to develop a new contact element structure” that is “bumpless,
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i.e. without growing bumps on top of the contact areas of the component.”
APPLE-1001, 1:48-51, 3:10-13. Similarly, Sakamoto describes that the use of a
“transition layer 38” makes it “possible to electrically connect the IC chip to the
multilayer printed circuit board” “without using a sealing resin, leads or bumps.”

APPLE-1005, Abstract, [0050].

B.  Analysis of Claims
[Ipre]:
Petitioner does not concede this preamble is limiting. Sakamoto’s

“multilayer printed circuit board 10 is a “circuit module.” APPLE-1005, [0099],

FIG. 6; APPLE-1003, 987.

[la]:

Sakamoto’s “interlayer resin insulating layer 50” is a first insulator layer

having a “first surface” (its bottom surface) and a “second surface” (its top

surface). APPLE-1005, [0118], FIG. 6; APPLE-1003, §88.

3 Emphasis unless otherwise noted.
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Sakamoto FIG. 4(C)

[1b]:

(15

Sakamoto’s “insulating resin substrate (or core substrate) 30” is a “second

insulator layer” on the “first surface” (the bottom surface of layer 50). APPLE-

1005, [0106], FIG. 6; APPLE-1003, 989.* The substrate 30 is a layer of a

“multilayer printed circuit board 10” and can itself include multiple prepreg layers

and/or multiple substrate layers. APPLE-1005, [0100], [0106]; APPLE-1003, 990.

4 To the extent “at least one second insulator layer on the first surface” is

interpreted as a product-by-process element, the recited process would have no

patentable weight for purposes of determining unpatentability. See Abbott

Laboratories v. Sandoz, Inc., 566 F.3d 1282 (Fed. Cir. 2009) (“a product in the

prior art made by a different process can anticipate a product-by-process claim”).

10
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See 324 Patent FIGS. 1 and 4, illustrating “insulator layer 1 as an example
of the “second insulator layer.” APPLE-1003, 990. The insulator layer 1 is a

“prepreg” layer or “an FR4 or FR5-type sheet,” which are common PCB substrate

materials. APPLE-1001, 24:23-36; APPLE-1003, 990. The insulator layer 1 is “on

the first surface” of the “insulator layer 13” (an example of the “first insulator

layer”). APPLE-1001, FIGS. 1, 4; APPLE-1003, §90.

First insulator layer
(interlayer resin 5 6 6 O 5 8 &
insulating layer 50) 5 2 6 O a 5 8 5 8 5 O

eeeee

First surface g ﬁ T ————_————
(bottom surface of p————7" % e e o —
layer 50) | 47 7 / /“ - ~| W
38 20
30
Sakamoto FIG. 4(C)
[lc]:

Sakamoto’s “IC [integrated circuit] chip 20” is a “component” that is inside
the “second insulator layer” (substrate 30). APPLE-1005, [0108], FIG. 6; APPLE-
1003, q91. Cf- the *324 Patent’s description that “[t]he component [] can be, e.g.,
an integrated circuit.” APPLE-1001, 24:14-15.

The at least one component (the 1C chip 20) comprises “die pads 24,” “each

11
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constituting an input/output terminal,” which are “contact terminals.” APPLE-

1005, [0101], FIG. 6; APPLE-1003, 991. The die pads 24 are “made of

aluminum,” an example of a “first metal.” APPLE-1005, [0101] see also id.,

[0051] (“the pad of the IC chip is normally formed out of aluminum or the like.”);

APPLE-1003, 992.

First insulator layer
(interlayer resin 5 6 6 O 5 8 X
insulating layer 50) 5 2 6 O x 5 8 5 8 5 O

‘]‘!". R et Y AT i_, 7 7
/s /] >< A A, A A,
r: e Ji / /_ \/ P /If yd ) i /() 7
Compf)nent Contact terminal 3 8 2 O 3 O
(IC chip 20) (die pad 24 -

contains aluminum)

Sakamoto FIG. 4(C)

[1d]:

Sakamoto’s “conductor circuits 58 are conductors.” APPLE-1005, [0125];

APPLE-1003, 993. The conductor circuits 58 are on the “second surface” (top

surface) of the “first insulator layer” (layer 50). APPLE-1005, [0011], [0125],

FIG. 6; APPLE-1003, 994.

The conductor circuits 58 include a “first layer” (electroplated film 56) and a

“second layer” (metallic layer 52). APPLE-1005, [0125], FIG. 6; APPLE-1003,

12
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195. At least layer 52 (an example of the second layer) includes a “second metal.”

For example, Sakamoto describes that layer 52 is an “Ni/Cu” layer. APPLE-1005,

[0123]; APPLE-1003, 995. Thus, layer 52 contains, as the “second metal,” copper

or nickel. APPLE-1003, 995.

Second surface
(top surface of  gecond layer First layer
layer 50) (metallic layer 52 (electroplated film 56)

— contains Cu and

First insulator layer : 6 O 5 8 o

(interlayer resin
insulating layer 50)

Second insulator Compf)nent Contact terminal 3 O
! (IC chip 20) (die pad 24 -
contains aluminum)

Sakamoto FIG. 4(C)

[le]:

Sakamoto’s “transition layer 38 comprises “contact elements” between the

“contact terminals” (die pads 24) and the “conductors” (conductor circuits 58

including metallic layer 52 and electroplated film 56). APPLE-1005, [0101], FIG.

6; APPLE-1003, 996. The transition layer 38 is “for forming electrical contacts.”

APPLE-1003, 996. For example, Sakamoto describes that die pads 24 of separate

IC chips 20, 120 ““are mutually connected through transition layers 38.” APPLE-

13
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1005, [0164]; APPLE-1003, 996.

The transition layer 38 (“contact elements”) comprises first thin film layer
33, an “intermediate layer,” intermediate between the die pad 24 and the second
thin film layer 36. APPLE-1005, [0020], [0109], FIG. 7(A); APPLE-1003, 497.
Layer 33 is “on the surface of the contact terminal” (die pad 24). APPLE-1005,
[0020], FIGS. 6, 7(A); APPLE-1003, 497.

Layer 33 (“intermediate layer”) contains a third metal, e.g., “tin,
chromium, titanium, [] zinc, cobalt, [or] gold.” APPLE-1005, [0109]; APPLE-

1003, 998.
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Second surface
(top surface of  gecond layer First layer

layer 50) (metallic layer 52 (electroplated film 56)
o — contains Cu and
First insulator layer Ni) 6 O 5 8 [94
(interlayer resin
insulating layer 50) 5 6 O x 5 8 5 8 5 O

™~

°°°°°°°°°°¢a°°° e o ° o o © © ©° o ojyH) o © o & © o o L

eeeeee

771 - = |77
Contact elements 4 \ \ S
(transition layer 38) /. P 5

/ ooy NAE et ety ety tientfny .ll‘ % : / // /
r /7 J 1/ X X 7/ 7/ /S A 7 L /7
2L 7 7[/ N\ N /I[ i ) 7 /( i
Second insulator ~Component \ 3 s 20 3 O
layer (ubstratsy. 10 by B0 ' Intermediate layer (first thin
30) Contact terminal  film layer 33 - contains tin,
’ (die pad 24 - chromium, titanium, zinc,
contains aluminum) cobalt, or gold)
Sakamoto FIG. 4(C)

The applied mapping of Sakamoto’s elements to those of claim 1 are shown

in the table below. APPLE-1003, 999.

First
m.etal (of Conductors Second Contact elements Third
die pads metal metal
24)
e Metallic layer 52 e First thin film layer 33
(second layer), Cu or (intermediate layer), Sn, Ti,
Al and Ni Second thin film layer | Zn, Co,
e Electroplated film 36, and or Au
56 (first layer) e Thickening layer 37

[1f]:

According to the mappings of [1c] and [1e], this claim element corresponds

15
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to a contact surface area between the layer 33 (“intermediate layer”) and the die
pad 24 (“contact terminals™) being less than a surface area of the die pad 24. This
configuration is disclosed, e.g., by FIG. 7(A), which illustrates that “die pads 24 []
are provided in the openings of the passivation film [22].” APPLE-1005, [0101];

APPLE-1003, §100.

38

Intermediate layer (First
thin film layer 33)

= 1.
36

Contact surface

T i Z Z
Cont.act termma]/;’ Passivation film 22
(diepad 24) |

1
1
! 1
'\_'_J
Terminal surface
area

Sakamoto FIG. 7(A)

FIGS. 1(D), 2(C), 4(C), 6, and 7(A) show that the passivation layer 22
covers outer portions of the die pad 24, with only a central portion of the die pad
24 exposed. Layer 33 deposited on the exposed portion of the die pad 24 forms a
contact surface area that is less than a surface area of the die pad 24, because the

exposed portion — the only portion in contact with layer 33 — is smaller than the

full surface area of the die pad 24. APPLE-1003, 101-102.

16
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The teachings of Sakamoto’s FIG. 7(A) and the other cited figures can be
relied upon, even in the absence of explicit corresponding description in the
Specification. See In re Mraz, 455 F.2d 1069, 1072 (C.C.P.A. 1972); see also
Cummins-Allison Corp. v. SBM Co., 484 F. App’x 499, 507 (Fed. Cir. 2012). Here,
Sakamoto’s drawings show, with great particularity and intentionality, the presence
of substantial overlap between the passivation layer 22 and the die pads 24.
APPLE-1005, FIGS. 1(D), 2(C), 4(C), 6, and 7(A); APPLE-1003, 9103. For
example, the passivation layer 22 is illustrated with clear bumps due to its overlap
with the die pads 24, and the deposited layers 33, 36, 37 are shown protruding into
a recess formed by the bumps. APPLE-1005, FIGS. 1(D), 2(C), 4(C), 6, and 7(A);
APPLE-1003, 9103. The downward protrusion of layer 33 contacts less than an
entirety of the surface area of the die pad 24, such that the “contact surface area”
element is satisfied. APPLE-1003, 4103.

Indeed, the notion that a contact surface area is less than a total surface area
of the bottom pad has been standard in circuit manufacturing for decades. APPLE-
1003, 9104-105.

Apart from Sakamoto’s express disclosure, it also would have been obvious
to form the contact surface area between layer 33 and the die pad 24 to be less than
a surface area of the die pad 24, based on Sakamoto’s teachings with respect to

hole formation. APPLE-1003, 4106. In the context of forming “via holes” in layer

17
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50, Sakamoto discusses (1) the desirability of forming via holes smaller than the die
pad so that a boring laser does not impinge outside the die pad, and (ii) that the via
holes should be smaller than the die pad because large holes can make alignment
more difficult. APPLE-1005, [0011]-[0013]; APPLE-1003, §107. A POSITA
would have understood that these same considerations would apply to forming the
openings in the passivation layer 22 and, therefore, would have been motivated to
make the openings smaller than the die pads 24, matching the illustrations in
Sakamoto’s figures. APPLE-1003, q108. With this obvious configuration, the
contact surface area between layer 33 and the die pad 24 would be less than the
surface area of the die pad 24. APPLE-1003, 9108.

[2]:

In the mappings applied for claim 1, die pads 24 are “made of aluminum”
(the first metal), the metallic layer 52 corresponding to the “second layer” of the
“conductors” includes “Cu” (the second metal), and the first thin film layer 33
corresponding to the “intermediate layer” can be any of several metals, including
“zinc” (the third metal). APPLE-1005, [0051], [0101], [0109], [0123]; APPLE-
1003, 9109.

[4]:

Sakamoto describes that the “metal used” for layer 33 (corresponding to the

“intermediate layer containing a third metal”) “may be tin, chromium, titanium,

18
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nickel, zinc, cobalt, gold, or copper.” APPLE-1005, [0109]; APPLE-1003, 4110.
See [le].

[5]:

Sakamoto describes that the “metal used” for layer 33 (corresponding to the
“intermediate layer containing a third metal”) “may be tin, chromium, titanium,
nickel, zinc, cobalt, gold, or copper.” APPLE-1005, [0109]. See [1¢e]; APPLE-
1005, [0109]; APPLE-1003, q111.

As explained above, layer 52 (corresponding to the “second layer” of the
“conductors,” which contains a “second metal”) is “Ni/Cu” such that the “second
metal” can be nickel. APPLE-1003, q112.

The “first metal” is the “aluminum” of the die pads 24. APPLE-1005,
[0051]; APPLE-1003, q113.

[6]:

Sakamoto describes that the “metal used” for layer 33 (corresponding to the
“intermediate layer containing a third metal”) “may be tin, chromium, titanium,
nickel, zinc, cobalt, gold, or copper.” APPLE-1005, [0109]; APPLE-1003, 114.

Layer 52 (corresponding to the “second layer” of the “conductors,” which
contains a “second metal”) 1s “Ni/Cu” such that the “second metal” can be copper.
APPLE-1003, q115.

The “first metal” is the “aluminum” of the die pads 24. APPLE-1005,
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[0051]; APPLE-1003, q116.

[7]:

Transition layer 38, which includes layers 33, 36, and 37, is applied as the
“contact elements,” and layer 33 is applied as the “intermediate layer.” APPLE-
1005, [0101], [0109]; APPLE-1003, q117. See [1e]. As shown below, the layer 33
extends along side walls of the transition layer 38. APPLE-1005, FIG. 7(A);

APPLE-1003, 117.

Intermediate layer (first
thin film layer 33)

Contact terminal Passivation film 22

dte pad 24) Intermediate layer (33)
extends along side wall of
contact elements
Sakamoto FIG. 7(A)

As shown below, the extension of layer 33 along the side walls of the
transition layer 38 is between the die pad 24 (“contact terminals™) and layer

52/film 56 (“‘conductors™). APPLE-1005, FIG. 6; APPLE-1003, q118.
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First layer of
conductors Contact elements
(Electroplated 33
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PR el 58 a

\ /52 56 60a( 58/58 50
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o o0 9 o o © o oo

7 7= =7 7 A
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VA4 i e 1/ /7
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Second layer
of conductors
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38 20 _(

o
N

Int diate 1 tend
Eﬂ;;;n:i dl: 'fvaellly (e)lf: zznizcts Contact terminal Intermediate layer (first 3 O
e S —— (die pad 24) thin film layer 33)
terminal and conductors
Sakamoto FIG. 4(C)

[8]:

Thickening layer 37 includes a “copper core” that “connects continuously to

the material of the second layer of the conductors.” APPLE-1003, 119. For claim

1, the entirety of layers 33, 36, and 37 were applied as the “contact elements.”

However, it is equally valid to apply layers 33 and 34 and the core of the

thickening layer 37 as the “contact elements.” APPLE-1003, 4119.

Further, for claim 1, layer 52 and film 56 were applied as the “conductors.”

However, it is equally valid to apply layer 52, film 56, and the thickening layer 37

above the core as the “conductors,” of which layer 52 is applied as the “first layer”

and the thickening layer 37 above the core is applied as the “second layer.”
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APPLE-1003, 9120. Sakamoto discloses that the thickening layer 37 is an
electroplated copper layer, such that this mapping corresponds to the “second
metal” (of the “conductors’) being copper. APPLE-1005, [0025], [0111], [0114];
APPLE-1003, 9120.

These mappings are shown in the table and annotated FIG. 4(C) below.

APPLE-1003, q121.

First
I(;lizt;tlg)sf Conductors Slflc(:;:]d Contact elements
24)
) %ﬁ;‘;ﬂ}f ;g er 32 e First thin film layer 33
o Electroylate’ d film (intermediate layer), Sn, Ti,
Al 56 andp cu Second thin film layer | Ni, Zn,
. . 36, and Co, or
) gl I:éigiléncgolrzyer e Core of thickening Au
(second layer) layer 37 (copper core)
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First layer of
conductors

S dl f
econd layer o (metallic layer 52)

conductors (thickening
layer 37 above core) ’

Copper core (core of
thickening layer 37)

cKening laver 5/)

Portion of Sakamoto FIG. 4(C)

The core of the thickening layer 37 is a “copper core” that “connects
continuously” to the material of the thickening layer 37 above the core (“second
layer of the conductors”), because these elements are formed in a common,
continuous electroplating process. APPLE-1005, [0114]; APPLE-1003, 9122.

The foregoing mapping, in which a single material, grown in a single
process, is applied as both the “copper core” and the “second layer” of the
conductors, 1s consistent with the 324 Patent’s description. APPLE-1003, 9123.
The °324 Patent describes that “[a] layer 32 of copper is grown on top of the third
intermediate layer using an electrochemical growing method, which also forms the
conductor core 29 of the contact element” and that “the material of the copper core

29 of the contact element and of the second layer 32 of the conductor 22 is
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manufactured in the same process, so that [] there is no interface between them.”
APPLE-1001, 20:42-45, 23:35-39. The copper core 29 and the second layer 32
“connect[] continuously, i.e., without an interface.” APPLE-1001, 30-35. FIG. 29
of the 324 Patent similarly illustrates a continuous connection between the copper

core 29 and layer 32. APPLE-1003, q123.

“Second layer 32” “Copper core 29”
| /
324 34'8 '
35+ 22
12 29
37— 30
R [ 25
33+ .
) | ' )
9 2) 9
’324 Patent FIG. 29
[9]:

“[M]etallic layer 52,” which is “on the second surface of the first insulator
layer” (layer 50), along with the “electroplated film 56,” are applied as teaching
the conductors. APPLE-1005, [0121]-[0124]; APPLE-1003, 9124. See [1d]. Film
56 1s on the surface of layer 52. APPLE-1005, FIG. 6; APPLE-1003, 9124.

The electroplated film 56 1s an electroplated copper layer, or “second layer

of copper.” APPLE-1005, [0123]; APPLE-1003, q125. Layer 52 is a nickel-copper
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layer that can be deposited by electroless plating, sputtering, or another method.
APPLE-1005, [0121]-[0122]; APPLE-1003, q125. Therefore, to the extent “layer
of copper” is interpreted as “layer containing copper,” layer 52 is a “first layer of

copper.””

Second layer of copper
Second surface of (Electroplated film 56)

first insulator layer /

(top of layer 50)
First insulator layer \ S

(interlayer resin Yy O
insulating layer 50)\ o

Portion of Sakamoto FIG. 4(C)

To the extent “layer of copper” is interpreted as referring to pure copper, it
would have been obvious to form layer 52 out of copper instead of nickel-copper.

APPLE-1003, 9126. A POSITA would have recognized the function of layer 52 as

a “seed layer” that is deposited to serve as a substrate for subsequent deposition of

> Petitioner does not take a position on whether this claim requires a layer
containing copper or a layer of pure copper. Rather, Petitioner provides invalidity
positions under either interpretation. As such, resolution of this claim interpretation

is not required for an invalidity determination here.
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the electroplated film 56. APPLE-1005, [0122]-[0123]; APPLE-1003, 9126. In
view of this purpose of layer 52, it would have been obvious to make layer 52 a
copper layer instead of a nickel-copper layer, because, as Dr. Subramanian
explains, Sakamoto’s disclosures with respect to layers 36, 37 teach that a copper
layer can be an effective seed layer for subsequent electroplating, and it is prima
facie obvious to substitute, for one component, another that the art has recognized
as equivalent for the same purpose. /n re Ruff, 256 F.2d 590, 592, 596 (C.C.P.A.
1958); APPLE-1003, q126-127. It would have been obvious to try substituting a
copper layer for the nickel-copper layer 52, with copper being one of a finite
number of identified, predictable materials for forming a layer by electroless
plating or sputtering. APPLE-1005, [0111],[0121]-[0122]; APPLE-1003, q128-
130.

With layer 52 modified to be a layer of pure copper, claim 9 is satisfied even
when “layer of copper” is interpreted to require pure copper. APPLE-1003, §131.

[10]:

“[M]etallic layer 52,” which is on the second surface of the first insulator
layer (layer 50), along with the “electroplated film 56,” are applied as teaching the
conductors. APPLE-1005, [0121]-[0124]; APPLE-1003, 4132. See [1d].

Sakamoto describes that layer 52 can be formed by “form[ing] a thin layer

by a physical method such as sputtering, deposition or electrode position and then
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[] conduct[ing] electroless plating.” APPLE-1005, [0122]. Therefore, Sakamoto
teaches that layer 52 can include a lower sputtered layer and an upper layer formed
by electroless plating. APPLE-1003, 4133. This arrangement is shown in annotated

FIG. 4(C) below.

Second layer of copper
Second surface of  (electroplated film 56)
first insulator layer
(top of layer 50) /

First insulator
layer (interlayer
resin insulating

layer 50)

First layer of copper (lower
sputtered layer of layer 52)

Portion of Sakamoto FIG. 4(C)

In this configuration, the lower sputtered layer of layer 52 (“first layer of
copper’) is on the second surface of the first insulator layer; the upper electroless
layer of layer 52 ( “intermediate layer”) is on the surface of the first layer of
copper; and the electroplated film 56 (“second layer of copper”) is on the surface
of the intermediate layer. APPLE-1003, q134. The electroplated film 56 is copper.
APPLE-1005, [0123]; APPLE-1003, 4134. Also, layer 52 is a “Ni/Cu” layer, such
that, to the extent “layer of copper” is interpreted as “layer containing copper,” the

lower sputtered layer of layer 52 is a “first layer of copper” satistying claim 10.
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To the extent “layer of copper” is interpreted as referring to pure copper, it
would have been obvious (for the reasons discussed for [9]) to form layer 52 (in
this case, the lower sputtered layer and the upper layer formed by electroless
plating) as a copper layer, thus rendering obvious forming the lower sputtered layer
as a “first layer of copper.” APPLE-1003, q135.

[11]:

The upper layer of layer 52, formed by electroless plating, is an
“intermediate layer” comprising “copper grown by a chemical growing method or
nickel grown by a chemical growing method.” As discussed for [10], in the case
where the metallic layer 52 includes a lower sputtered copper layer and an upper
copper layer formed by electroless plating, the upper layer (intermediate layer)
comprises copper. APPLE-1005, [0122]; APPLE-1003, q136. “Electroless plating”
is described by the 324 Patent as a “chemical growing method.” APPLE-1001,
2:56. As such, Sakamoto’s copper upper layer formed by electroless plating

comprises “copper grown by a chemical growing method.” APPLE-1003, §137.
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Second layer of copper

Second surface of  (electroplated film 56)
first insulator layer Intermediate layer comprising
(top of layer 50) / copper (upper electroless layer

.. of layer 52)
First insulator : :

layer (interlayer, First layer of copper (lower
resin insulating sputtered layer of layer 52)

layer 50)

Portion of Sakamoto FIG. 4(C)

[13]:

Layers 33, 36, and 37, forming the “contact element,” have a total height
less than or equal to their greatest width. Sakamoto describes that layer 33 has a
greatest thickness of 2.0 um, that layer 36 has a greatest thickness of 5 pm, and
that layer 37 has a greatest thickness of 20 um. APPLE-1005, [0109], [0112],
[0116]. Accordingly, the greatest thickness taught by Sakamoto for the “contact
element” 1s 27 um. APPLE-1003, 4139. Sakamoto also describes that the transition
layer 38 (layers 33, 36, and 37 together) has “a diameter of 60 pm or more.”
APPLE-1005, [0119]. Because 60 pm (W ,4y) is greater than 27 pm (H), Sakamoto

satisfies claim 13. APPLE-1003, 4139.
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]— Height <27 um
Z .4

Diameter > 60 um

Portion of Sakamoto FIG. 7(A)

[14]:

Substrate 30 is a “second insulator layer” satistying claim 14. APPLE-1003,
9140. The substrate 30 includes “prepegs each having a core material made of
glass cloths or the like.” APPLE-1005, [0106]. The disclosure of “cloths” teaches
the presence of “at least one layer of fibre material” in the substrate 30. APPLE-
1003, 9140. As shown below, the fibre material of the substrate 30 includes an

opening for IC chip 20 (the “at least one component”). APPLE-1003, q141.
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Sakamoto FIG. 4(C)

[15]:

Sakamoto’s “polyimide layer” is a “polymer layer” satisfying claim 15.
APPLE-1003, 9142. Sakamoto’s Background section assumes the presence of a
“polyimide layer (or protective layer of the IC)” that is damaged by a laser if “the
via diameter is larger than the diameter of the die pad.” APPLE-1005, [0012]. As
shown below, the polyimide layer 22 would be provided with the passivation film
22, in between layer 50 (“first insulator layer”) and the IC chip 20 (“at least one
component”). APPLE-1003, 4142. The passivation film 22 includes contact holes
for the transition layer 38 (“contact elements”). APPLE-1005, [0101], FIG. 6;

APPLE-1003, 9142. As such, Sakamoto discloses the presence of a polyimide
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layer (“polymer layer”) having the arrangement of the passivation film 22 and

satisfying claim 15. APPLE-1003, q142.

Contact ent Polymer layer (polyimide layer) in
Contact hole for (.., qition layer 38) passivation film 22
contact element

First insulator layer  : | 6 O 5 8 (9 4
(interlayer resin / 56 60 a A8
insulating layer 50 52 5 8 5 O

o 0 9 o o © | %6 @ o
b 0 9 o o ©

VAR A s =0 z =
LT 5 e
/ " s yd yd
YAy L { N/ —,

/ / ‘:x;!-'.;]."'.".".'\‘. ARTORTR T AT XU
S L S
VAR AR 4

R N i s Tt v Ly o 4
X A_J/J J [/ A /S L /7
LXeod NfF I /If /Y /S /) 7

Compongnt \ \ 3 8 2 ’0 (

(IC chip 20) Contact terminal Contact holes in 3 O
(die pad 24) polymer layer

Sakamoto FIG. 4(C)

Further, in reference to a “third embodiment,” Sakamoto describes that
“[t]The IC chip 420 is covered with an IC protective film (made of
passivation+polyimide) 422.” APPLE-1005, [0202]. To the extent the polyimide is
not already understood as being present, it would have been obvious to also
include the polyimide (a polymer) in the passivation film 22 of the first
embodiment in order to achieve the “protective” characteristics that Sakamoto
describes are provided by a “polyimide layer,” satisfying claim 15. APPLE-1005,

[0012]; APPLE-1003, 9143.

[17pre]:
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See [1pre].

[17a]:

See [1d]. Sakamoto’s “metallic layer 52” and “electroplated film 56,”
together applied as “a conductor layer” and “conductors,” are “two layers of
metal” between first and second surfaces, as shown below. APPLE-1005, [0121]-

[0123]; APPLE-1003, q145.

Second layer First layer of
of metal of ~ metal of

conductors ~ conductors
(metallic ~ (clectroplated conductors (bottom

layer 52) film 56) of layer 52) 5 8 o

\/ 6 60a( 58/58 RO

First surface of

/ / - L . ra ya ~ lo - ° - = ol ° :o/o o/ v
V. g
7/ / r —
VA 4 el o] 77
/ X [y i3 > 1 -,-x-.;‘l'- '}f‘;"'"'--“l'-‘-"-
pd e yd Z Z .l pd /I( 7 } 7 ¥ i I
| 38 20
Second surface of 3 O
conductors (top of
layer 56)
Sakamoto FIG. 4(C)

[17b]:
See [1a]. Sakamoto’s interlayer resin insulation layer 50 is a “first insulator

layer” having a first (bottom) surface and a second (top) surface covering the first
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(bottom) surface of the conductors. APPLE-1003, 9146.

Second layer First layer of
of metal of metal of
conductors  conductors

(metallic ~ (electroplate

First surface of
d conductors (bottom

of layer 52)
First insulator layer layer 52) fikm 36) 6 O 5 8 x
(interlayer resin insulator 6 6 O x 5 8 5 8 5 O
layer 50)
y.a—a, A8~ Sk —r S A
/ s /
7 f: / o /
VAR (Y [ 7 7
/ // -‘.’-,".'.'\‘L-’.".-.'-.'l.--.-.-'.'.l--.-.--.-,’“.-.-s-.;x-.";}."'.'.--.-j‘-lx-.-x-.- / /
7/ /S X / yd / sl S A S L /
[/ 7 pd \{ Z yd VA4 /If yd ;I i /() 4
/ Second surface of first 3 8 2 O 3 O
First surface of first insulator layer (top of
insulator layer layer 50)
(bottom of layer 50)
Sakamoto FIG. 4(C)

[17¢c]:
See [1b]. Sakamoto’s substrate 30 is a “second insulator layer on the first

surface of the first insulator layer.” APPLE-1005, [0106]; APPLE-1003, q147.
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Second layer First layer of
of metal of metal of
conductors  conductors

(metallic  (electroplated

First insulator layer Tegper. 55) film 56) 5 6 6 O 6 05 85 8 x
(interlayer resin insulator x
layer 50) \ / 5 2 5 8 5 O
/ // r . © o o © p | Ol o 4 nlo O::fgo e/ /
/ /e
; [ L L
..,l.‘.._.‘.i.’_...._..'.;.._._.._.}.._._.._.;..._....‘;‘._..;;.;.'._.._._“.).~..A._. / /
Sewond insnlaior d FAT (R4 b 7/ / VA Pat b/ £ A
‘i*“!‘/’ b *k“l” L 2/ 7Z 7 Z Z. ad pd /'f yd ) 7 )
ayer (substrate

First surface of first
msulator layer
(bottom of layer 50)

Sakamoto FIG. 4(C)

[17d]:

See [1c]. The “IC chip 20 is a “component” that is inside the “second
insulator layer” (substrate 30). APPLE-1005, [0108], FIG. 6; APPLE-1003, 4148.
The IC chip 20 comprises “die pads 24,” which are contact terminals. APPLE-
1005, [0101], FIG. 6; APPLE-1003, 9148. The die pads 24 are composed of
aluminum and therefore contain “at least one layer of metal.” APPLE-1005,

[0051], [0101]; APPLE-1003, 91483.
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Second layer First layer of
of metal of metal of
conductors  conductors

(metallic (electroplated

First insulator layer layer 52) film 56) 6 O 5 8 x

(interlayle;yiersg(l) )insulator \ / 5D 56 60 a 58 58 50

7 7= e el 7
Ay AV ARY 4
. -
/. 4 /
/ " ........ CRTCRTERYY f- g e ._& oh / /
1//“‘/—9( X 77
vl 7 /if Z Y 7/ 7

30) Component dc \ 3 8 2 O (

chip 20) Contact terminal 3 O
(die pad 24)
Sakamoto FIG. 4(C)

[17e]:

See [1e]. Sakamoto’s “transition layer 38,” between the “contact terminals”
(die pads 24) and the “conductors” (conductor circuits 58 including layer 52 and
film 56), constitutes “contact elements.” APPLE-1005, [0101], FIG. 6; APPLE-
1003, 9149. The transition layer 38 includes an “intermediate layer” (layer 33) that
contains at least one layer of metal, e.g., “tin, chromium, titanium, [], zinc, cobalt,

[or] gold.” APPLE-1005, [0109]-[0110]; APPLE-1003, 9149.
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Second layer First layer of
of metal of metal of
conductors  conductors

(metallic (electroplated
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(interlayer resin insulator 5/6 6 O x 5 8
layer 50) \ 5 2\}’f 5 8 5 O

/ /
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. thin film layer 33)
Contact terminal
(die pad 24)
Sakamoto FIG. 4(C)

[17f]:

See [1f]. A contact surface area between layer 33 (“intermediate layer”) and
the die pad 24 (“contact terminal”) is less than a surface area of the die pad 24.
APPLE-1005, FIG. 6; APPLE-1003, q150.

[17g]:

See [1c], [1d], and [1e]. Sakamoto’s die pads 24 (“contact terminals™) are
composed of aluminum, a first metal; layer 52 (included in the “conductors”) is
composed of copper and nickel, either of which is a second metal; and layer 33
(“intermediate layer”) can be composed of “tin, chromium, titanium, [] zinc,

cobalt, [or] gold.” APPLE-1005, [0051], [0101], [0109]-[0110], [0123]; APPLE-

37



Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

1003, 9151.

[19]:

See claims 1 and 17 above. Claim 19 is identical to claim 17 except for (1)
omitting recitation of the first, second, and third metals and (2) reciting “the second
surface of the first insulator layer entirely covering the first surface of the
conductors.” The latter element is satisfied by the top surface of layer 50 (“first
insulator layer”) entirely covering the bottom horizontal surface of layer 52, the
bottom horizontal surface being the “first surface of the conductors.” APPLE-

1005, FIG. 6; APPLE-1003, q152.

Second layer Horizontal
of metal of bottom surface
conductors 9f layer 52
(metallic entirely covered
by layer 50
First insulator layer layer 52) 6 O 5 8 o
(interlayer resin insulator 5 6 6 O o 6 8 5 8 5 O
layer 50) 5 2
//?,‘l ° R A,
/ ’ Z—
o /
o ) - -
g2 A ACHTEIL, TR0 SRS — e
Z 7 Z\ /7 7/ A A /| } = /( I
Second surface ) 3 8 2 O 3 O
of First Srenlater First surface of conductors
layer (top of (horizontal bottom surface
layer 50) of layer 52)
Sakamoto FIG. 4(C)

38



Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

V. GROUND 1B: Claims 3 and 9-11 are obvious over Sakamoto and
Eichelberger

A.  Eichelberger
Eichelberger (US 6,396,148) is discussed in the Background of the *324

Patent. APPLE-1001, 2:51-65. Eichelberger describes “first packaging structures
and methods of fabrication” that employ “electroless metallizations.” APPLE-
1006, Abstract; APPLE-1003, 972. For example, Eichelberger describes that an
“electroless metal coating” (a “barrier”) can be plated on aluminum contact pads to
improve connection reliability and protect against “chemical attack™ and corrosion.
APPLE-1006, 4:44-61; APPLE-1003, 472. Eichelberger discusses that “[c]ertain
GaAs IC chips have gold pads” and that “the process described herein will also
work with these types of bond pads.” APPLE-1006, 9:40-58.

Eichelberger’s FIG. 3G, reproduced below, shows a similar configuration to
that of Sakamoto, including an IC chip 102, a bond pad 107 on the IC chip 102,
and multiple metal layers 120, 109 on the bond pad 107. APPLE-1006, 4:9-22,

8:10-13; APPLE-1003, 73.
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109
120
N | 106 107
Metallization / -
109 M 10s fod - ‘
Barrier metal /% ’ j’ (
o / 101 103 (
I
Integrated circuit f 'Lg 3G
Bond pad 107 chip 102

Eichelberger FIG. 3G

Eichelberger is analogous art to the *324 Patent. APPLE-1003, 974. Both
address the challenges of contacting aluminum bond pads. See APPLE-1001, 1:64-
2:65, 3:47-63; APPLE-1006, 1:22-26, 2:24-29. Indeed, Eichelberger was
recognized as relevant in the Background of the 324 Patent. APPLE-1001, 2:51-
65.

B.  Analysis of Claims

[3]:

Given Eichelberger, it would have been obvious to have the die pad 24
include gold (instead of or in addition to aluminum), such that the “first metal” is
gold. APPLE-1003, 9154. Eichelberger describes that “[c]ertain GaAs IC chips
have gold pads.” APPLE-1006, 9:42-43. In at least the case where the IC chip 20

of Sakamoto is a GaAs IC chip, it would have been obvious to form the die pad 24
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as a gold pad, based on Eichelberger’s description that GaAs IC chips have gold
pads. APPLE-1006, 9:42-43; APPLE-1005, 9155-156.

Causing the die pad 24 to contain gold would simply be a selection of one of
a finite number of identified, predictable materials for die pads. APPLE-1005,
[0051], [0101]; APPLE-1006, 9:38-59; APPLE-1003, 4156. Indeed, Sakamoto
describes that gold may be integrated elsewhere in Sakamoto’s circuit board (e.g.,
as layer 33 or 36), such that the use of gold for the die pad 24 would not constitute
the introduction of an entirely new material. APPLE-1005, [0109]-[0111]; APPLE-
1003, 9157.

Further, a POSITA would have been motivated by specific advantages
provided by gold. APPLE-1003, 4158. For example, Sakamoto describes that the
oxidation of aluminum pads “causes an increase in the connection resistance of the
pad,” and a POSITA, based on the common knowledge that gold is resistant to
oxidation, would have found it obvious to try using gold to achieve lower
connection resistance. APPLE-1005, [0051]; APPLE-1003, 9158. Indeed, gold was
widely known as an effective material to include as, or as part of, contact
terminals, providing corrosion resistance and high electrical and thermal
conductivity. APPLE-1007, 1; APPLE-1003, q158. It would have been obvious for
a POSITA to try to realize these well-known advantages by having the die pad 24

contain gold, e.g., as an entirety of the die pad 24 or as a deposited layer of the die
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pad 24. APPLE-1003, q157-159.

Accordingly, having the die pad 24 contain gold as the “first metal,” layer
52 contain copper as the “second metal” (APPLE-1005, [0121]-[0122]), and layer
33 contain nickel as the “third metal” (APPLE-1005, [0109]) would have been
obvious. APPLE-1003, 4160.

[9]:

Claim 9, besides being taught by Sakamoto, is also obvious over Sakamoto
and Eichelberger. APPLE-1003, q161. The “Cu/Ni” layer 52 serves as a seed layer
for subsequent electroplating of the copper film 56, and the arguments for Ground
1A describe why, in the case where “layer of copper” is interpreted as requiring
pure copper, it would have been obvious to modify the copper-nickel layer 52 to be
pure copper. APPLE-1003, q[161.

Eichelberger reinforces the obviousness of this modification by directly

99 ¢

disclosing the use of an “electroless” “copper seed layer 109 deposited over
polymer surface 106.” APPLE-1006, 8:10-11, 8:22; APPLE-1003, 4162. This is
similar to Sakamoto’s layer 52, which is deposited by electroless plating over the
surface of the interlayer resin insulating layer 50. APPLE-1005, [0121]; APPLE-
1003, 9162. Layer 109 is then “plated up” on the seed layer 109°, matching

Sakamoto’s description that an electroplated copper film 56 is formed on layer 52.

APPLE-1006, 8:16-25; APPLE-1005, [0123]; APPLE-1003, §162.
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Given Eichelberger’s corroborating description, it would have been obvious
to make the metallic layer 52 and the electroplated film 56 first and second layers
of copper, respectively. APPLE-1003, 4163.

[10]:

See [9] and [10] for Ground 1A and [9] for Ground 1B. For the reasons
provided for [9] for Ground 1B, Eichelberger reinforces the obviousness of
forming a lower sputtered layer of the metallic layer 52 as a copper layer to be the
“first layer of copper” and forming an upper layer of the metallic layer 52 as a
copper layer to be the “intermediate layer,” in the case where “layer of copper” is
interpreted as requiring pure copper. APPLE-1005, [0122], FIG. 6; APPLE-1003,
164. The electroplated film 56 is a “second layer of copper on the surface of the
intermediate layer.” APPLE-1005, [0123], FIG. 6; APPLE-1003, q164.

[11]:

See [9]-[10] for Grounds 1A and 1B. The upper layer of layer 52, formed by
“electroless plating,” is an “intermediate layer” “grown by a chemical growing
method” and arranged as recited in claim 11. APPLE-1005, [0122], FIG. 6;
APPLE-1003, q165. For the reasons provided for [9] for Ground 1B, Eichelberger
reinforces the obviousness of having this upper layer be pure copper, in the case

where “layer of copper” is interpreted as requiring pure copper. APPLE-1003,

165-166.
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VI. GROUND 1C: Claims 9-11 are obvious over Sakamoto and
Chang

A. Chang

Chang is a journal article relating to a “low-temperature integrated
electrochemical deposition process for next-generation Cu metallization.” APPLE-
1008, 1; APPLE-1003, q75. Chang describes a process by which “thin, smooth,
conformal Cu seed layers”™ are used as seed layers for “subsequent electroplating
[of copper] to accomplish Cu metallization with good quality.” APPLE-1008, 1-2;
APPLE-1003, 475-76.

Chang is analogous art to the *324 Patent. APPLE-1003, §77. Many
embodiments in the *324 Patent, along with claim 11, relate to forming copper
layers by electroless plating, and Chang provides experimental methods for the
“electroless plating of thin, smooth, conformal Cu seed layers.” APPLE-1001,
17:40-18:7, 19:41-61; APPLE-1008, 1; APPLE-1003, 477.

B. Sakamoto-Chang Combination

Chang provides further evidence that, as discussed for [9]-[11] for Grounds
1A-1B, it would have been obvious to make Sakamoto’s layer 52 a copper layer
rather than a copper-nickel layer, in the case where “layer of copper” is interpreted
as requiring pure copper. APPLE-1003, q168. As discussed for [9] for Ground 1A,
the copper-nickel layer 52 functions as a seed layer to permit the subsequent

electroplating of film 56. APPLE-1003, 4168. However, Chang demonstrates that
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the use of copper seed layers results in “smooth surfaces of [subsequently]
electrodeposited [electroplated] Cu films” analogous to electroplated film 56
deposited on layer 52. APPLE-1005, [0121]; APPLE-1008, 5; APPLE-1003, 9168.
These electrodeposited Cu films exhibited “high purity, small roughness, low
electrical resistivity, low residual stresses, good adhesion to substrates, and
excellent superfilling.” APPLE-1008, 7.

As explained further by Dr. Subramanian, it would have been obvious for a
POSITA to substitute a pure copper layer for the copper-nickel layer 52, given
copper’s recognized suitability for the function of seed layer and the advantages
described by Chang. APPLE-1003, §169-171.

C.  Analysis of Claims
[9], [10], [11]: See corresponding discussion of claims 9-11 for Ground 1B.

For the reasons provided there and in Section VI.B, Chang further evidences the
obviousness of making the metallic layer 52 a “first layer of [pure] copper,”
including, in the case of claim 11, making the lower sputtered layer and upper
electroless layer of layer 52 layers of copper. APPLE-1003, 4172. The reasoning is
otherwise identical to that provided for claims 9-11 for Grounds 1A and 1B.
APPLE-1003, 4172.

VII. GROUND 1D: Claims 12, 13, and 15 are obvious over Sakamoto
and Ito
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A. Ito

Ito describes the manufacture of a “stacked multilayer” contact in which a
“metal layer is self-alignedly formed relative to the terminal electrode. This does
not need any patterning step thereby forming the contact portion simply and
reliably.” APPLE-1012, [0062]; APPLE-1003, §78. FIG. 2L of Ito illustrates a
structure including an aluminum terminal electrode 2; a zinc layer 4 formed by
zincating on the aluminum terminal electrode 2; an electroless-plated nickel layer 5
on the zinc layer 4; and a copper rewiring layer 13 on the nickel layer 5. APPLE-

1012, [0082], [0089], [0091], [0094]-[0096]. APPLE-1003, 978.

[STEP 12]
16 16 10
Copper rewiring 15 13 15 13 15 /
layer 13\ '
7 !
3‘“‘/\ -7
> 3
Electroless /..]_
nickel 5 T 1 1 /)]
/24587 245
Aluminum terminal Zinc layer 4
electrode 2

Ito FIG. 2L

Ito is analogous art to the 324 Patent. APPLE-1003, 479. Both are directed
to contact structures used in conjunction with copper foil-attached insulating resin

sheets and disclose that zincation of aluminum contacts, after which electroless
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nickel is deposited, represents a solution to challenging in contact aluminum.
APPLE-1001,3:55-4:5, 5:6-46, 17:40-51; APPLE-1012, [0063], [0065], [0073],
[0093]; APPLE-1003, 979.

B. Zincating

Dr. Subramanian provides an overview of zincating. APPLE-1003, 954-55.
He describes that “zincating (or zincation) is a ‘widely used process’ for aluminum
contact pads. [] ‘Aluminum [] is the dominant material for IC bond pad
metallization. [] However, as aluminum instantaneously oxidizes during rinsing or
exposure to air, the oxide films will completely suppress metallization or prevent
the formation of intermetallic bonds between the EN [electroless nickel] and
substrate, resulting in adhesion failure. Zincating of the aluminum pads is a widely
used process step that activates the pads for subsequent EN deposition.’ []
‘Zincation rel[ies] on the electrochemical exchange reaction between zinc ion in
solution and aluminum metal to deposit zinc metal at the expense of aluminum
dissolution []. Zincation is currently one of the most suitable processes to activate
the aluminum surface for electroless technique []. Once this process is performed,
aluminum coated with zinc then can be electroless plated by nickel.’ [] This is an
‘essential step to make aluminum pads actives [sic] for subsequent electroless
nickel plating.’ [] As a result, a zincated aluminum terminal electrode includes a

‘contact portion’ composed of a ‘zinc layer’ ‘about 0.3 um’ thick at the top of the
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aluminum electrode.” APPLE-1003, 54.
C.  Analysis of Claims

[12]:

It would have been obvious to replace Sakamoto’s first thin film layer 33
with Ito’s zincated zinc layer 4, on Sakamoto’s die pad 24, such that a width of the
contact surface between the zinc layer 4 (the “contact element”) and the die pad 24
(“contact terminal”) is 0-20% less than a greatest width of the zinc layer 4.
APPLE-1003, 4174.

This modification would have been obvious for several reasons. Zincating
was a widely-used, conventional first step for forming contact stacks on aluminum
pads. APPLE-1003, q175. See §VIL.B. As a POSITA would have recognized, the
zinc layer would prevent oxidation of the aluminum die pad 24 and provide a
surface for subsequent electroless deposition of the second thin film layer 36.
APPLE-1003, q175. Indeed, Sakamoto recognizes that oxidation of the aluminum
die pad 24 may be problematic. APPLE-1005, [0200], [0206]; APPLE-1003, q175.
Given Ito’s disclosure that “oxide on the aluminium surface is removed by
zincating to form the zinc layer 4,” it would have been obvious for a POSITA to
form the zinc layer to remove the oxide film and obtain lower resistances. APPLE-
1012, [0093]; APPLE-1003, 9175.

Further, the zinc layer 4 would be a close structural and functional substitute
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for the first thin film layer 33. APPLE-1003, 176. The two layers have similar
thicknesses (0.3 pm for the zinc layer 4, within the “0.01 to 1.0 um” range of layer
33), can both be composed of zinc, are both described as providing improved
adhesion to the underlying pad, and are both subsequently covered by a layer that
can be electroless nickel. APPLE-1005, [0109]-[0111]; APPLE-1012, [0082],
[0091], [0095]; APPLE-1003, 4176. As such, the simple substitution of the zinc
layer 4 for layer 33 would have been obvious. APPLE-1003, q17177.

In this modified Sakamoto-Ito circuit board, the zinc layer constitutes the
“contact elements” and the “intermediate layer.” APPLE-1003, 4178. Mappings of
the modified Sakamoto-Ito circuit board to the elements of claims 1 and 12, shown
in annotated figure and table below, are otherwise identical to those discussed for

claim 1 in Ground 1A.

First
m.etal (of Conductors 2SO Contact elements
die pads metal
24)
e Metallic layer 52
(second layer), Cuor @ Zinc layer 4
Al and Ni (intermediate layer) Zn
e Electroplated film mtermedt ver
56 (first layer)
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layer 50) 5 2
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contains . . .
: . intermediate layer — contains
aluminum (die zinc (zincated zinc layer)
pad 24) Y

Sakamoto-Ito circuit board based on Sakamoto FIG. 4(C)

Because of the “self-aligned” nature of the zinc growth directly on the
aluminum die pad 24 “so that no patterning step is needed,” a width of the contact
surface between the zinc layer (contact elements) and the die pad 24 (contact
terminal) 1s 0-20% less than a greatest width of the zinc layer in the same
direction, satisfying claim 11. APPLE-1012, [0096], APPLE-1003, 9179. That is,
the width of the contact surface is substantially equal to (or 0% less than) the

greatest width of the zinc layer. APPLE-1003, 179.
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33
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Contact terminal
(die pad 24)

\ Zinc layer grown
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(replacing first thin
film layer 33)

[13]:

Sakamoto FIG. 7(A)

The zinc layer of the Sakamoto-Ito device — applied as the “contact element”

as for [12] — has a height H = “0.3 um.” APPLE- 1012, [0091]. This height is

significantly less than the contact element (width of the zinc layer), which is

approximately 30 um based on Ito’s opening diameter. APPLE-1012, [0106];

APPLE-1003, §180.

[15]:

It would have been obvious to use Ito’s “first passivation layer 101 as, or

in, Sakamoto’s “passivation film 22,” such that the first passivation layer 101 is a

“polymer layer” between the “first insulator layer” (layer 50) and the “component

99

(IC chip 20) and includes contact holes for the “contact elements” (die pads 24).
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APPLE-1005, FIG. 6; APPLE-1003, 4181. Ito discloses that a “first passivation
layer 101 includes a benzocyclobutene (BCB) resin or a polyimide resin,” both
polymers. APPLE-1012, [0010]; APPLE-1003, q181. Given Ito’s disclosure that
these materials can be used for a “passivation layer,” it would have been obvious to
use a layer of one of these polymer materials as, or in, Sakamoto’s “passivation
film,” thereby satisfying claim 15. APPLE-1003, 4182. The obviousness is
reinforced by Sakamoto’s explicit disclosure that the passivation film 422 of
another embodiment includes “polyimide.” APPLE-1005, [0202]; APPLE-1003,
9182. It 1s well-established that selection of a known material based on its
suitability for its intended use is prima facie obvious. See, e.g., In re Leshin, 277
F.2d 197, 125 U.S.P.Q. 416 (C.C.P.A. 1960); Sinclair Co. v. Interchemical Corp.,

325 U.S. 327, 335 (1945).

VIII. GROUND 1E: Claims 15-16, 18, and 20 are obvious over
Sakamoto and Tuominen

A. Tuominen

Tuominen, which shares two inventors with the *324 Patent, is directed to
“components [] embedded in an installation base and connection to a conductor-
pattern structure.” APPLE-1014, 1:5-7; APPLE-1003, 480. FIG. 4 illustrates a
configuration in which “an adhesive layer 5 is spread on the attachment surface of

the insulating layer 10” to attach a component 6 to the insulator layer 10. APPLE-
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1014, 6:20-25; APPLE-1003, §80.

Component 6
l Adhesive

— ul 10 3 /layerS

1717717

Fig. 4

Tuominen FIG. 4

Tuominen is analogous art to the 324 Patent. APPLE-1003, 481. Besides
sharing inventors, both relate to similar modules in which a copper foil-based
membrane is attached to components that are contacted through contact openings.
APPLE-1003, 481.

B.  Analysis of Claims

[15], [16]:

It would have been obvious to introduce Tuominen’s “adhesive 5” in-
between Sakamoto’s layer 50 and IC chip 20 to attach the layer 50 (which is
“vacuum-compression laminated onto the substrate”) to the IC chip 20. It would
have been obvious to have the adhesive 5 be hardened to better secure the layer to

the IC chip 20. APPLE-1003, §184. See [15]-[16] in Ground 2E.

[18]:
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In view of Tuominen, it would have been obvious to harden Sakamoto’s
“adhesive material 34,” thereby satisfying claim 18. As shown below, Sakamoto’s
“adhesive material 34” is between layer 50 (“first insulator layer”) and IC chip 20

(“component”). APPLE-1005, [0106], FIG. 6; APPLE-1003, 185.

First insulator
layer (interlayer

resin insulating [} g, 6
layer 50) /

A
|/ A S
7 SR o0
AR AR 24
L/~ 7 1/

Adhesive  Component
material 34 (IC chip 20)

Sakamoto FIG. 6

Tuominen defines that “[t]he term adhesive refers to a material, by means of
which the components are attached to the insulator layer 10. [] Another property of
the adhesive is that after spreading the adhesive hardens or can be hardened at
least partly, in such a way that the adhesive can hold the component in place.”
APPLE-1014, 7:18-24. Given this disclosure, it would have been obvious to have

the adhesive material 34 be “hardened,” in order to securely “hold” the IC chip 20
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to the substrate 30 as taught by Tuominen. APPLE-1003, q186.

[20]: See [18].

IX. GROUNDS 2A, 2B: Claims 1-2, 4, 6-8, 10-12, and 15-20 are
obvious over Lee or Lee and Sakamoto

A. Lee

Lee 1s directed to microelectronic devices and manufacturing methods that
offer improved yield and throughput. APPLE-1015, [0035]; APPLE-1003, 982.
Like the *324 Patent’s, Lee’s devices are formed based on a copper foil “first
conductive layer 114.” APPLE-1015, [0026]; APPLE-1003, 982. A contact
structure, including a second conductive layer 140, a third conductive layer 142,
and contacts 146, is fabricated on terminals 136 of a die 130 exposed in holes in
layer 114 and an attached dielectric layer 112. APPLE-1015, [0029]-[0032], FIGS.
1B-1E; APPLE-1003, 482. In cases in which “the terminals 136 do not have a
surface compatible with electroless plating, additional processes such as zincation,
sputtering, and/or plating may be necessary to deposit a compatible conductive
protective layer (e.g., a nickel layer) on the terminals 136 before depositing the
second conductive layer 140.” APPLE-1015, [0030]. As a result, a zinc layer
(“zincation”) or a “nickel layer” can be provided between the terminals 136 and the
second conductive layer 140. APPLE-1003, q83.

The resulting structure, with dies 130 encased in an encapsulant 160 and a
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second dielectric layer 150 provided on the first dielectric layer 112, is annotated

below. APPLE-1015, [0033], FIG. 1E; APPLE-1003, 984.

Second
Contacts conductive layer 100
Third conductive 146 298 140 / -
a
Second dielectric lager AR 157 57 159 /‘ 152
layer 150 A A A
144 % 144
!
\45 | 146 | =140
First dielectric
layer 112 D N~ ///////\ e 18

4 LS e

R T o

T4 '
v N\
/ 1}5 J 3 L] // 1_45 ”0) L’ﬂkua 1}5 I\

160 5 144 0 135 160 |, 5 160
Die 130 an . Terminal
integrated circuit ~ Zinc or 36
nickel layer
Lee FIG. 1E

Lee is analogous art to the *324 Patent. APPLE-1003, 985. Both are in the
same field of endeavor of IC manufacture and structure and address the problem of
how to contact an IC chip attached to a copper foil by an insulating layer. APPLE-
1003, 985. Further, both the *324 Patent and Lee address how contact holes can be
dimensioned to improve alignment between contact pads and subsequent layers,
arriving at the same solution of making the contact area less than the total pad area.

APPLE-1003, €85.
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B. Lee-Sakamoto Combination

In this section, Sakamoto is applied to corroborate the metals of several
layers for which Lee does not explicitly disclose a composition. Lee lacks explicit
disclosure that the terminals 136 are aluminum, that the second conductive layer
140 1s nickel (for claims 7 and 11), or that the third conductive layer 142 is copper
(for claims 8 and 10-11), although these compositions are implicitly disclosed or
obvious. APPLE-1003, 9189. Sakamoto provides explicit teaching and motivation
for the use of aluminum, nickel, and copper, respectively, for those elements.

Sakamoto is applied in combination with Lee for several other teachings in
Section X.

C.  Analysis of Claims

[Ipre]:

Petitioner does not concede this preamble is limiting. Lee’s “microelectronic
device assembly 100” is a “circuit module.” APPLE-1015, [0033]; APPLE-1003,
q191.

[la]:

Lee’s “first dielectric layer 112,” which “can be a resin coated copper (RCC)
or pre-preg material with woven fiber cloth embedded in a B-stage resin,” is a
“first insulator layer” and has first and second surfaces, as shown below. APPLE-

1015, [0026]; APPLE-1003, §192.
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Second surface 100
(top surface of /,
layer 112) /—-1020 /——v‘OZb
152 152 152
I 46 144
146
First insulator hyer 146 /Q“\ | |
(first dielectric S — \|\
layer 112) \ I T 7T L 118
T SR 3
n 136 ! 1 13
Ry \ j 1

| ( \1 i
/ 135 j ( 133 1135 ) L k;5,3 135 |\
160 4 134 130 ’35 160 , 130 134 5 160

First surface
(bottom surface of
layer 112)

Lee FIG. 1E

[1b]:
Lee’s “encapsulant 160,” which is on the bottom (“‘firs¢”) surface of layer
112 (“first insulator layer™) 1s a “second insulator layer.” APPLE-1015, [0033],

FIG. 1E; APPLE-1003, q193.
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First insulator layer”s
(first dielectric

LLLLLILIT L

layer 112) \(/ / /=
I N | )
—Ti i1 136 N \> C1 136 :
f \ | ya Ml
i o
/ 1}5 J ( K155’ / / ‘135 ) L k13,5; 135 \
160 5 134 130 135160 \ 130 134 ) 160

First surface
(bottom surface of
layer 112)

Lee FIG. 1E

[lc]:
Lee’s dies 130, which are inside the encapsulant 160 (“second insulator
layer”) and have terminals 136 that are “contact terminals,” are “at least one

component.” APPLE-1015, [0029], [0033], FIG. 1E; APPLE-1003, 9194.
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* rrrssi

layer 112)\ | T |
¢ e

AN I DN
HETIR W EAAL:

160 154

—

Component ~ Contact terminal
(die 130) (terminal 136)

Lee FIG. 1E

Lee does not explicitly disclose the material(s) of the terminals 136.
However, Lee’s disclosure that “zincation” can be performed on the terminals 136
amounts to an implicit disclosure that the terminals 136 are composed of
aluminum. Dr. Subramanian notes that “for circuit modules in the 2000s,
aluminum was the standard material for use in contact terminals, and zincation was
a standard process for use on aluminum contact terminals. In the absence of
disclosure to the contrary, a POSITA would have generally assumed that, if a
terminal were being processed by ‘zincation’ to prepare the terminal for further
layer deposition, the terminal would likely be an aluminum terminal.” APPLE-

1003, 9q195. See Section VIIL.B.
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It would have been obvious to use aluminum for the terminals 136, based on
the disclosure of “zincation” and the knowledge that aluminum contacts were
common in the field. APPLE-1003, 196. Indeed, the *324 Patent admits in its
Technical Field and Background sections that “circuit modules comprise
conductors [] through which a component can be connected to become part of a
circuit []. The most common conductor material is aluminium.” APPLE-1001,
1:9-10, 1:65-66. Accordingly, the use of aluminum for the terminals 136 (as the
“first metal”’) would have been nothing more than the selection of the most
common material used for that purpose. APPLE-1003, 4196.

Ground 2B: Lee and Sakamoto render obvious that
the terminals 136 are composed of aluminum

The use of aluminum for the terminals 136 is also obvious given Sakamoto.
APPLE-1003, 9197. Sakamoto notes that “the pad of the IC chip is normally
formed out of aluminum or the like”” and describes die pads 24 that are “made of
aluminum.” APPLE-1005, [0051], [0101]. It would have been obvious to try
aluminum based on Sakamoto’s disclosure that aluminum is suitable (and, indeed,
“normal”) for this purpose. APPLE-1005, [0051]; APPLE-1003, 9197. A POSITA
would have had a reasonable expectation of success in using aluminum, given that
Lee also describes the use of “zincation,” a process known to provide favorable

results when applied to aluminum contacts. APPLE-1015, [0029]; APPLE-1003,
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q1197.

[1d]:

Lee’s first conductive layer 114, third conductive layer 142, and contacts
146 are together “conductors,” of which layers 142 and 114 are examples of the
“first layer” and the “second layer,” respectively. APPLE-1015, [0030]-[0033],
FIG. 1E; APPLE-1003, 9198. Layer 114 is on the top surface (second surface) of
layer 112 (first insulator layer). APPLE-1015, FIG. 1E; APPLE-1003, 9198. Note
that the contacts 146 can equally be excluded from the “conductors” without

departing from claim 1.

First layer of  Contacts 146 (included
conductors (third in conductors)
conductive layer

First insulator layer”
(first dielectric
layer 112)

5| W o

Component Contact terminal
(die 130) (terminal 136)

Lee FIG. 1E

Layer 114 (second layer of the conductors) can be a “copper foil,” such that

the “second metal” is copper. APPLE-1015, [0026]; APPLE-1003, 9199.
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[le]:

Lee’s zinc or nickel layer and “second conductive layer 140 together are
“contact elements” that are between the terminals 136 (“contact terminals’) and
layer 142 (“conductors”). APPLE-1015, [0030], FIG. 1E; APPLE-1003, 9200. Of
these layers, the zinc or nickel layer is an “intermediate layer” on the surface of the

contact terminals and containing a “third metal,” zinc or nickel. APPLE-1015,

[0030], FIG. 6; APPLE-1003, 9200.

First layer of 100
conductors (third -

ductive 1 Contact Second conductive layer __ 1025
con u(fi;e ayer clements 140 (included in contact
SN 152 75 elements)

144 46 144
First insulator layerMG' 148 ! f ,/ \
(first dielectric \i\ = AN
layer 112) \ 777777 TZ7777
= |
?; i T+| [[ic 7}5 \\>
3 Ty NN

/‘7}5 j ( kl.fé? // l)‘\;.‘)' ) L k]jg
160 » 154 7{70 160 130 134
Component Intermediate layer Contact terminal
(die 130) (zinc or nickel (terminal 136)
layer) (included in
contact elements)

Lee FIG. 1E
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First
meta.l i Conductors SIEEDIE Contact elements LLieg]
terminals metal metal
136)
e First conductive
layer 114 (second e Zinc or nickel layer
layer), (intermediate layer), 71 or
Al e Third conductive Cu and Ni
layer 142 (first e Second conductive
layer), and layer 140
e Contacts 146

[1f]:

The contact surface area between Lee’s zinc or nickel layer (“intermediate
layer”) and terminal 136 (“contact terminal”) is less than a surface area of the
terminal 136. APPLE-1003, 9201. Lee describes that “[t]he individual terminals
136 may have a dimension Dj; greater than the second dimension D, (FIG. 1A) of
the holes 120 to facilitate proper alignment.” APPLE-1015, [0029], FIG. 1B. The
zinc or nickel layer is formed in the holes 120 “on the terminals 136,” e.g., in the
case of zincation, would exhibit self-aligned growth on an exposed portion of the
terminals 136, as discussed in §§VII.A-VIL.C. APPLE-1015, [0030]; APPLE-1003,
9201. Because the exposed terminal area corresponding to dimension D; is less
than the total terminal area corresponding to dimension D3, a contact surface area
between the zinc or nickel layer (“intermediate layer”) and the terminal 136
(“contact terminals™) is less than a surface area of the terminal 136, satisfying

element [1f]. APPLE-1015, FIG. 1B; APPLE-1003, 9202.
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Contact surface
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Intermediate :‘“I‘
layer (zinc or Lo Contact
D2 terminal

nickel layer

e VoYY
/ ’Zk ¥ N ogﬁﬁ RN / 52\’ ’

135 J ( N ) - \is k 135
130 130 I - 134
L

Terminal surface
area

Lee FIG. 1B

[2]:

Lee or Lee-Sakamoto render obvious that the “first metal” of the “contact
terminals” (terminals 136) is aluminum, the “second metal” of the “second layer”
(first conductive layer 114) is copper, and the “third metal” of the zinc or nickel
layer is zinc or nickel. APPLE-1003, 9203. See [1c]-[1e]. APPLE-1003, 9203.

[4]:
Lee’s zinc or nickel layer (e.g., formed by “zincation”) is applied as the
“intermediate layer.” APPLE-1015, [0030]; APPLE-1003, 9204. See [1¢].

/6]

Lee’s zinc or nickel layer (e.g., “a nickel layer”) is applied as the
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“intermediate layer.” APPLE-1015, [0030]; APPLE-1003, 9205. See [1¢].

[7]:

Lee’s zinc or nickel layer and second conductive layer are applied as the
“contact elements,” and the zinc or nickel layer is applied as the “intermediate
layer.” APPLE-1015, [0030]; APPLE-1003, 4206. See [1¢]. The zinc or nickel
layer defines a portion of side walls of the contact elements, such that the zinc or
nickel layer (“intermediate layer”) “extends along” the side walls. APPLE-1003,
9206. As shown below, the zinc or nickel layer is between the terminal 136
(“contact terminal”) and layer 142 (“first layer of the conductors™). APPLE-1015,

[0030]-[0031], FIG. 1E; APPLE-1003, 9207.

[ First layer of
conductors (third

Second conductive — > conductive layer 142)

layer 140 (included

in contact /) / /
elements) ! .
/

Zinc or nickel /r \ \ Intermediate
layer extends layer (zinc or
along portion of T 1 lC ’ 5 6 > nickel layer)
sidewall of + \ \ (included in
contact elements f 8 k / contact
elements’
8 irr )
Contact
terminal

(terminal 136)

Portion of Lee FIG. 1E

As an alternative teaching of claim 7, in the case where the zinc or nickel
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layer is omitted (as Lee teaches is a possibility), the second conductive layer 140
can be applied as the “intermediate layer.” APPLE-1015, [0030]; APPLE-1003,
9208. Layer 140 is on the surface of the terminal 136 (contact terminal) as the
“intermediate layer,” and also forms the “contact elements.” APPLE-1003, 9209.
This mapping is summarized in the table below. As discussed below for [11], it
would have been obvious to use nickel for the “third metal” of layer 140, e.g.,
given Lee’s disclosure that it can be formed by “electroless plating,” and/or given

Sakamoto. APPLE-1015, [0030]; APPLE-1003, 4209.

First
metal (of Second Third

. Conductors Contact elements
terminals metal metal

136)

e First conductive
layer 114 (second
layer),

Al e Third conductive
layer 142 (first
layer), and

e Contacts 146

e Second conductive
Cu layer 140 Ni
(intermediate layer)

Layer 140 extends along (and defines) side walls of the “contact elements.”
APPLE-1015, FIG. 1E; APPLE-1003, 9210. Further, layer 140 is between the
terminal 136 (“contact terminal’”) and layer 142 (“first layer” of the “conductors”).
APPLE-1015, [0030]-[0031], FIG. 1E; APPLE-1003, 4210. Therefore, this

alternative mapping also satisfies claim 7.
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/ / ,/ / First layer of
% ~ Kconductors (third
Second conductive Z \ conductive layer 142)
layer 140 (is the AL
intermediate layer S : ird \>\ — ita
and the contact \77_‘/2‘\ / - (
elements) 17777 y,
Second conductive /{ \ 3
layer 142 extends ]’1 |C
along sidewall of f 3 6 ™
contact elements \ N
0 N
Contact
terminal
(terminal 136)

Portion of Lee FIG. 1E

[8]:

Lee’s third conductive layer 142 includes a “copper core” that connects
continuously to the material of the “second layer of the conductors” (third
conductive layer 142 above the core). APPLE-1003, 4211. For claim 1, the first
conductive layer 114, contacts 146, and the entirety of layer 142 were together
applied as the “conductors.” However, it is equally valid to apply layer 114, the
contacts 146, and the third conductive layer 142 above the core, as the
“conductors,” of which layer 114 is applied as the “first layer” and layer 142 above
the core is applied as the “second layer.” APPLE-1003, 4211.

It would have been obvious to use copper for the third conductive layer 142,

as copper was the most common material for “electroplating” of a conductive
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layer, and Lee describes that layer 142 is formed by “electroplating.” APPLE-
1015, [0031]; APPLE-1003, 9212. Therefore, in this mapping, the “second metal”
of the “second layer of the conductors” (the third conductive layer 142 above the
core) is copper. APPLE-1003, 9213.

For claim 1, the zinc or nickel layer and layer 140 were together applied as
the “contact elements.” However, it is equally valid to include each of the zinc or
nickel layer, layer 140, and the core of layer 142 as the “contact elements.”
APPLE-1003, 9214.

The core of the third conductive layer 142 is a “copper core” that “connects
continuously” to the material of the third conductive layer 142 above the core,
because these elements are formed in a common, continuous “electroplating”
process that, as discussed above, deposits copper. APPLE-1015, [0031]; APPLE-
1003, 9215. This mapping is consistent with the 324 Patent’s description of
corresponding elements for the reasons discussed for [8] in §IV.B.

These alternative mappings are shown in the table and annotated FIG. 1E

below. APPLE-1003, 9126.
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layer), : .
e Third conductive (intermediate la?/ er),
e Second conductive Zn or
Al layer 142 above Cu )
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e Core of third

layer), and

o Contacts 146 conductive layer 142

Copper core = core of third
conductive layer 142
(included in contact elements)
Second layer of conductors
ReRsegms  (third conductive layer 142

=3 ~.—  above core)
Second conductive 2@ Y (LLELL Ll First layer of conductors
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i "’\} f <~— Contact
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1. Intermediate
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11 \ |C\ 136 : nickel layer)

f 8 k1.38 y n-/

Portion of Lee FIG. 1E

Ground 2B: Lee and Sakamoto render obvious that
layer 142 is composed of copper

The use of copper for the third conductive layer 142 is also obvious given

Sakamoto. APPLE-1003, 4217. In selecting a metal to use for layer 142, it would
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have been obvious for a POSITA to look to Sakamoto’s thickening layer 37, which
is similar in several ways to layer 142. APPLE-1003, 4217. First, both layers are
deposited by “electroplating.” APPLE-1005, [0114]; APPLE-1015, [0031].
Second, both layers are deposited onto an underlying conductive layer (the “second
conductive layer 140” for Lee, and the “metal” layer 36 for Sakamoto). APPLE-
1005, [0111],[0114]; APPLE-1015, [0031]. Third, both layers have a similar
morphology, including a plug portion and an overlying planar portion, as shown
below. APPLE-1005, FIG. 6(A); APPLE-1015, FIG. 1E; APPLE-1003, 4217.
Given the common deposition method, underlying substrate, and layer
morphology, it would have been obvious for a POSITA to try using copper for

layer 142 with a reasonable expectation of success. APPLE-1003, §217-218.

Third conductive
layer 142

...........

Thickening layer 37 B

Each includes a lower
3 7 ‘ 3 8 plug portion and an
3 6 f upper planar portion
v/ %4

33

I I ssnrssi
//,;\\.\
i

Left: Sakamoto FIG. 6(A); Right: portion of Lee FIG. 1E
[10]:

Lee’s conductive layers 114, 140, 142 are respectively a “first layer of

99 ¢

copper,” “intermediate layer,” and “second layer of copper” satisfying claim 10.
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APPLE-1003, 9219. The “conductors” include Lee’s layer 114, which is “copper

foil.” APPLE-1015, [0026]; APPLE-1003, 9219. See claim 1. Further, layer 114 is

on the “second surface” (top surface) of the “first insulator layer” (layer 112).

APPLE-1015, [0026], FIG. 1E; APPLE-1003, 4219. Therefore, layer 114 is a “first

layer of copper” on the second surface of the first insulator layer. APPLE-1003,

219.

Second surface (top
surface of 112)

[/ =\

N

2

First layer of copper (first
“— conductive layer 114)

!

¥
T

e

IC

IR

3

< f

136 p
i

K

L1.35\’ ) ,/

r~

Portion of Lee FIG. 1E

For claim 1, Lee’s second conductive layer 140 was applied as part of the

“contact elements.” However, it is equally valid to layer 140 in the “conductors.”

APPLE-1003, 9220. As shown below, layer 140 is an “intermediate layer” on the

surface of the “first copper layer” (layer 114), as recited in claim 10.
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surface of 112)

Intermediate layer (second

/ conductive layer 140)
F

irst layer of copper (first
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I cl 136 |
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Portion of Lee FIG. 1E

AN

iy

Lee’s third conductive layer 142 is on the surface of the “intermediate layer”
(second conductive layer 140). APPLE-1015, FIG. 1E; APPLE-1003, 9221. As
discussed for [8], it would have been obvious to make layer 142 a copper layer.
APPLE-1015, [0031]; APPLE-1003, 221. As such, layer 142 is a “second layer of
copper” on the surface of the “intermediate layer” (layer 140) as recited in claim
10.

These mappings are summarized in the table below. APPLE-1003, §222.
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First
metal (of Second Contact Third

terminals Conductors metal elements metal

136)

e First conductive layer 114
(first layer of copper; ‘‘first

layer” of claim 1), o Zinc or
e Second conductive layer 140 nickel
(intermediate layer), layer 71 or
Al e Third conductive layer 142 Cu (“intermed |\
(second layer of copper, iate layer”
“second layer” of claim 1), of claim 1)
and

e Contacts 146

[11]:

The “intermediate layer” is Lee’s second conductive layer 140, which “can
be formed on the substrate 110 by electroless plating [].” APPLE-1015, [0030];
APPLE-1003, 9223. See [10]. It would have been obvious to have the intermediate
layer be nickel grown by electroless plating. APPLE-1003, 9223. See Section
VIL.B, which establishes that zincation of aluminum pads is a common preliminary
step to electroless nickel plating. APPLE-1003, 4223-224.

The electroless nickel layer 140 includes “nickel grown by a chemical
growing method” and satisfies claim 11. APPLE-1003, 9225.

Ground 2B: Lee and Sakamoto render obvious that

the second conductive layer 140 is electroless copper
or electroless nickel
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The use of electroless copper or electroless nickel for the second conductive
layer 140 is also obvious given Sakamoto. APPLE-1003, 4226. In selecting a metal
to use for layer 140, it would have been obvious to look to Sakamoto’s second thin
film layer 36, which is similar to layer 140. First, both layers can be deposited by
“electroless plating.” APPLE-1005, [0021]; APPLE-1015, [0030]. Second, both
layers are deposited on an underlying metal layer that can be zinc or nickel (the
zinc or nickel layer for Lee, and layer 33 for Sakamoto). APPLE-1005, [0109];
APPLE-1015, [0030]. Third, both layers have similarly morphology, being
deposited in a recess, on sidewalls of the recess, and in a planar layer outside the
recess, as shown below. APPLE-1005, FIG. 7(A); APPLE-1015, FIG. 1E; APPLE-
1003, 9226. Given the common deposition method, underlying substrate, and layer
morphology, it would have been obvious for a POSITA to try using electroless
copper or electroless nickel for layer 140, with a reasonable expectation of success.

APPLE-1003, 9226-227.
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at the bottom of a layer 140
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33 24 IJ 136

\ \
[0 Sm

Left: Sakamoto FIG. 6(A); Right: portion of Lee FIG. 1E

[12]:

For claim 1, the “contact elements” were mapped to Lee’s zinc or nickel

layer and second conductive layer 140. However, it is equally valid to apply only
the zinc or nickel layer as the “contact elements,” as shown in the chart and figure
below, where the zinc or nickel layer is specifically a zinc layer formed by

zincation. APPLE-1003, 4228.

First
metal (of Second Third

. Conductors Contact elements
terminals metal metal

136)

e First conductive
layer 114 (second

layer), e Zinc layer

Al ® Third conductive Cu (intermediate layer) Zn
layer 142 (first
layer), and

e Contacts 146
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Based on this mapping, claim 12 requires that a width of the contact surface
between Lee’s zinc layer and Lee’s terminal 136 is 0-20% less than a greatest
width of the zinc layer in the same direction. APPLE-1003, 9229. As discussed for
[12] at Ground 1D, a zinc layer grown by “zincation” on the terminal 136 (as
disclosed by Lee) has a greatest width that essentially matches the width of the
contact surface. APPLE-1003, 9229. Therefore, this arrangement satisfies claim
12.

[15]:

Lee’s disclosure of an “adhesive layer” teaches claim 15. APPLE-1015,
[037]; APPLE-1003, 9230. While the embodiment of FIG. 1E is “without an

adhesive,” “in other embodiments, such as the embodiments [of] FIGS. 2A-3B, the
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microelectronic device assembly may include an adhesive for attaching the dies
130 to the substrate 110.” APPLE-1015, [0029]. As shown in the comparative
figures below, the dies 130 in FIG. 1E are attached directly to the first dielectric
layer 112, while the dies 130 in FIG. 2B are attached to a first dielectric layer 212

by an “adhesive layer 224.” APPLE-1015, [0029], [0037]; APPLE-1003, 9230.

) f
T, e ] 1
160 , 154 130 160
C { Direct attachment
(gg’?‘;ggl of dies 130 to first
dielectric layer 112
Lee FIG. 1E
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In an embodiment that “include[s] an adhesive [layer 224] for attaching the
dies 130 to the substrate 110 as disclosed by Lee, the adhesive layer 224 would be
a “polymer layer” between the “first insulator layer” (layer 112) and the “at least
one component” (dies 130). APPLE-1015, [0029]; APPLE-1003, 4231. For
example, Lee describes that the “adhesive layer 224 may be a pre-preg material,”
which Lee describes as “woven fiber cloth embedded in a B-stage resin.” APPLE-
1015, [0026], [0040]; APPLE-1003, 4231. A “B-stage resin” is a polymer. APPLE-
1003, 923 1. Further, “contact holes” for the “contact elements” (terminals 136)
would be present in the adhesive layer 224, based on Lee’s description that “the
adhesive layer 224 includes a plurality of second holes 220b aligned with
corresponding first holes 220a in the substrate 210.” APPLE-1015, [0038];

APPLE-1003, 9232.

79



Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

To the extent Lee’s foregoing description is not interpreted as a direct
disclosure of the B-stage resin in the adhesive layer 224 applied to the structure of
FIG. 1E, it would have been obvious for a POSITA to include the B-stage resin as
a known example of the “pre-preg material” of the adhesive layer 224. APPLE-
1015, [0026], [0040]; APPLE-1003, 9233. For example, in a case where layer 112
may not include an adhesive, the POSITA would have known that the pre-preg
material, including the B-stage resin, would be a suitable adhesive to include in the
adhesive layer 224. APPLE-1003, 9233.

[16]:

It would have been obvious to cure the B-stage resin included in the
adhesive layer 224 (“polymer layer”) discussed with respect to [15], so that the B-
stage resin would become “fully cure[d]” and hardened. APPLE-1015, [0030];
APPLE-1003, 9234. Although Lee does not explicitly describe that the adhesive
layer 224 becomes fully cured, Lee describes curing another adhesive material,
the “partially cured material in the first dielectric layer 112,” so that the material
becomes “fully cure[d].” APPLE-1015, [0029]-[0030]; APPLE-1003, 9234. It
would have been obvious to apply this known technique to the B-stage (partially
cured) resin of the adhesive layer 224 to predictable obtain a “hardened” resin.

APPLE-1003, 9234.
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[17pre]:

See [1pre].

[17a]:

See [1d]. Lee’s “first conductive layer 114 and “third conductive layer
142,” together applied as “a conductor layer” and “conductors,” are “two layers of
metal” between first and second surfaces, as shown below. APPLE-1015, [0026]-
[0031], FIG. 1E; APPLE-1003, 9236. E.g., layer 114 is copper foil (a metal), and
layer 142, being deposited by “electroplating,” is also a metal. APPLE-1015,
[0026], [0031]; APPLE-1003, 9236. See [8] for Grounds 2A/2B above as to why
layer 142 is, or obviously is, copper, a metal. APPLE-1003, 9236. The contacts 146

can optionally be included in the conductor layer.
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[17b]:

Lee FIG. 1E

See [1a]. Lee’s first dielectric layer 112 is a “first insulator layer” having a

first (bottom) surface and a second (top) surface covering the first (bottom) surface

of the conductors. APPLE-1015, [0026]; APPLE-1003, 9237.
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[17c]:
See [1b]. Lee’s “encapsulant 160” is a “second insulator layer on the first

surface of the first insulator layer.” APPLE-1015, [0033]; APPLE-1003, 9238.
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[17d]:

See [1c]. The “dies 130 are components that are inside the second insulator
layer (encapsulant 160). APPLE-1015, [0029], [0033], FIG. 1E; APPLE-1003,
9239. The dies 130 comprise “terminals 136 which are “contact terminals.”
APPLE-1005, [0101], FIG. 6; APPLE-1003, 9239. The terminals 136 are, or
obviously are, composed of aluminum and therefore contain “at least one layer of

metal.” APPLE-1015, [0030]; APPLE-1003, §239. See [1c].
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[17e]:

See [1¢]. Lee’s zinc or nickel layer and second conductor layer 140 are
between the “contact terminals” (terminals 136) and the conductors (e.g., layer
142) and constitute “contact elements.” APPLE-1015, [0030], FIG. 3; APPLE-
1003, 9240. The zinc or nickel layer is an “intermediate layer” that contains “at
least one layer of metal,” e.g., the zinc or nickel. APPLE-1015, [0030]; APPLE-

1003, 9240.
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[17f]:

See [1f]. A contact surface area between the zinc or nickel layer
(“intermediate layer”) and the terminal 136 (“contact terminal”) is less than a
surface area of the terminal 136. APPLE-1015, [0027], FIG. 1B; APPLE-1003,
241.

[17g]:

See [1c], [1d], and [1e]. Lee’s terminals 136 (“contact terminals™) are
composed of aluminum, a first metal; the first conductive layer 114 of the

“conductors” is composed of copper, a second metal; and the zinc or nickel layer
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is composed of zinc or nickel, a third metal. APPLE-1015, [0026], [0030];
APPLE-1003, 9242.

[18]:

Lee discloses an “adhesive layer 224" between layer 112 (first insulator
layer) and the dies 130 (at least one component). APPLE-1015, [0029], [0038],
FIG. 2B; APPLE-1003, 9243. See [15]. It would have been obvious to make this
“adhesive layer 224” a “hardened adhesive” based on Lee’s disclosure of “fully
cur[ing] the partially cured material in the dielectric layer 112” APPLE-1015,
[0030]; APPLE-1003, 9243. See [16].

[19]:

See discussion for claims 1 and 17. Claim 19 is identical to claim 17 except
for (1) omitting recitation of the first, second, and third metals and (2) reciting “the
second surface of the first insulator layer entirely covering the first surface of the
conductors.” The latter element is satisfied by the top surface of Lee’s first
dielectric layer 112 (first insulator layer) entirely covering the bottom horizontal
surface of the first conductive layer 114, the bottom horizontal surface being the
“first surface of the conductors” applied for claim 19. APPLE-1015, FIG. 1E;

APPLE-1003, 9244.

87



Attorney Docket No. 50095-01971P1
IPR of U.S. Patent No. 9,107,324

Second surface of first

insulator layer (top surface)/’ 00

First insulator layer

first dielectric layer 112) . ,Q N
(7T

' )

T9 5\& Ty IC | 1385

‘ L2 /

135 j ( !38 ) \
150 A 134 130 ’35 150 A 130

First surface of conductors
(bottom surface) —
entirely covered by 112

Lee FIG. 1E

[20]: See [18] above.

X. GROUND 2B: Claims 5,9, and 14 are obvious over Lee and
Sakamoto

A.  Analysis of Claims
[3]:
It would have been obvious to use copper in Lee’s “compatible conductive
protective layer” (“intermediate layer”). APPLE-1003, 9247. In the mapping
discussed for Ground 2A, the “compatible conductive protective layer” was taken

as zinc or nickel. APPLE-1015, [0030]. However, Lee does not restrict this layer to

zinc or nickel, and, given Sakamoto, it would have been obvious to use copper for
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this layer, satisfying claim 5. APPLE-1003, 9247. In selecting a metal to use for
the “compatible conductive protective layer,” it would have been obvious for a
POSITA to look to Sakamoto’s layer 33, which can be composed of copper and is
similar in several ways to the compatible conductive protective layer. APPLE-
1005, [0109]; APPLE-1003, 9247. First, both layers can be deposited by
“sputtering.” APPLE-1005, [0109]; APPLE-1015, [0030]. Second, both layers are
deposited on an underlying aluminum contact pad. APPLE-1005, [0110]; APPLE-
1015, [0030]; APPLE-1003, 9247. Third, both layers are used as a substrate for
subsequent electroless plating or sputtering of another metal layer (layer 140 for
Lee, or layer 36 for Sakamoto). APPLE-1005, [0021]; APPLE-1015, [0030];
APPLE-1003, 9247. Given the common deposition methods and layer
arrangements, it would have been obvious for a POSITA to try using, for the
compatible conductive protective layer, the metals disclosed by Sakamoto for layer
33, including copper, with a reasonable expectation of success, arriving at a

copper “third metal” of the “intermediate layer”. APPLE-1003, 9247-248.
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Although, for claim 1, the first conductive layer 114 was applied as the
“second layer” of the “conductors” having the “second metal,” it is equally valid
to apply the contacts 146 as the “second layer” of the “conductors.” APPLE-1003,
9250. Given Sakamoto, it would have been obvious to have the contacts 146 be
“gold plated” as described for Sakamoto’s analogous “solder pads 75,” which, like
the contacts 146, form an uppermost contact surface on which solder is applied.
APPLE-1005, [0130], FIG. 6; APPLE-1015, [0034], FIG. 1E; APPLE-1003, 4250.

Accordingly, the “second metal” of the conductors can be gold.
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The mapping applied for claim 5 is summarized in the following table.

APPLE-1003, 9251.

First

el (i Conductors SR Contact elements it

terminals metal metal
136)

e First conductive

layer 114 (first * Compafuble .
conductive protective
layer),

Al e Third conductive Au layer” (intermediate

layer), and
layer 142, and e Second conductive
e Contacts 146

(second layer) layer 140

Cu

[9]:
See [11] for Ground 2A for why it would have been obvious for layer 140 to
be a layer of electroless copper. APPLE-1003, 4252. Further, although, for claim 1,

layer 140 was applied as part of the “contact elements,” it is equally valid to apply
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layer 140 as a “second layer of copper” of the “conductors.” APPLE-1003, 252.
The “copper foil” “first conductive layer 114 is a “first layer of copper on
the second surface of the first insulator layer.” Claim 9 is satisfied by the

foregoing mappings summarized below. APPLE-1003, 9253-254.

Second surface of first insulator
layer (top surface of 112) Conductors

[/ A —
Second layer of copper

/ (second conductive layer 140)
First layer of copper (first

>\ = “— conductive layer 114)
e / ¢
Flrsj[ msulgtor layer + \ B \\ Intermediate layer
(first dielectric layer 112) -l- 1 IC and contact
’ 3 6 [ elements (zinc or
+ \ nickel layer)

[T G 7

Portion of Lee FIG. 1E

First
metal (of Second Contact Third

terminals Conductors metal elements metal

136)

e First conductive layer 114
(first layer of copper, first

layer), . '
e Second conductive layer ° il}l;cror nickel .
Al 149 tsecond layer of Cu (intermediate Ni

copper, second layer),

e Third conductive layer
142, and
e Contacts 146

layer)
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[14]:

It would have been obvious to encapsulate Lee’s dies 130 in the substrate 30
of Sakamoto, such that the “second insulator” (substrate 30) would contain at least
one layer of fibre material and openings in the fibre material for the dies 130.
APPLE-1003, 9255. Lee discloses that an encapsulant 160 “encases” the dies 130.
APPLE-1015, [0033]; APPLE-1003, 4255. See claim 1. The encapsulant 160 can
encase not only the lateral ends 135 of the dies 130 but also the “back sides 134 of
the dies.” APPLE-1015, [0033]; APPLE-1003, 9255.

Sakamoto’s substrate 30 has a similar configuration, encasing lateral ends
and a back side of the IC chip 20 in conjunction with an adhesive material 34, as

shown below. APPLE-1005, [0106]-[0108], FIG. 6; APPLE-1003, 9256.

T2 N Ty

N 7 a
i ' - 7
T C i C T /— R Ey e e R e e
‘ 35 J ( 138 / 135 j L 138 155‘ e = - > 5 X
;5&}\ 134 130 135 g9 X 130 134 s 60 = *'7/v—' — 7 7 // T\’/ ’,}r( //(\ 7 /’}( //

Adhesive material 34

Left: Lee FIG. 1E; Right: Sakamoto FIG. 6

It would have been obvious, as a matter of design choice, to apply
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Sakamoto’s configuration to Lee’s assembly, for example, by encasing Lee’s dies
130 in Sakamoto’s substrate 30 and adhesive material 34. APPLE-1003, 4257. The
encapsulant 160 and the substrate 30 serve the same function of encasement (or
“contain[ment]”) and insulation. APPLE-1005, [0108]; APPLE-1015, [0033];
APPLE-1003, 9257. Replacing encapsulant 160 with substrate 30 and adhesive
material 34 would have been well within the skill of a POSITA with a reasonable
expectation of success, especially given Sakamoto’s disclosure of the associated
materials/manufacturing process. APPLE-1005, [0106]-[0108]; APPLE-1003,
91257.

As discussed for [14] at Ground 1A, substrate 30 includes “glass cloths”
“contain[ing] at least one layer of fibre material.” APPLE-1005, [0106]; APPLE-
1003, 9258. Substrate 30, replacing encapsulant 160, would include “an opening”
in the fibre material for the “at least one component” (dies 130), matching the
configuration in both Sakamoto’s and Lee’s structures. APPLE-1005, FIG. 6;
APPLE-1015, FIG. 1E; APPLE-1003, 9258.

XI. GROUND 2C: Claim 3 is obvious over Lee and Eichelberger

To the extent Sakamoto is found necessary to render obvious the aluminum
terminals 136 for claim 1, Sakamoto is included in this ground.

A.  Analysis of claim 3
[3]:
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It would have been obvious to use gold for Lee’s terminals 136, as taught by
Eichelberger, such that the terminals contain gold as the ““first metal.” APPLE-
1003, 9260-261. Lee does not explicitly disclose a material for the terminals 136
(also referred to as “bond-pads”). APPLE-1015, [0029]; APPLE-1003, 9260.
However, Eichelberger discloses the use of “gold” “bond pads.” APPLE-1006,
9:38-58. In selecting a metal for the terminals 136, it would have been obvious for
a POSITA to look to Eichelberger’s bond pads and to try using the “gold” bond
pads disclosed by Eichelberger, for reasons discussed for [3] of Ground 1B.
APPLE-1003, 9260. Having the terminal 136 contain gold would simply be a
selection of one of a finite number of identified, predictable materials for bond-
pads, and this selection would also provide the advantages discussed for [3] for
Ground 1B. APPLE-1006, 9:38-58 APPLE-1003, 9260.

The copper of Lee’s first conductive layer 114 (corresponding to the “second
layer” of the “conductors™) is a “second metal.” See claim 1. Therefore, claim 3 is
satisfied based on the first metal of the terminals 136 being gold, the second metal
of the “copper foil” first conductive layer 114 being copper, and the third metal of

the “nickel layer” being nickel. APPLE-1003, 4262.
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XII. GROUND 2D: Claims 13 and 15 are obvious over Lee and Ito

To the extent Sakamoto 1s found necessary to render obvious the aluminum

terminals 136 for claim 1, Sakamoto is included in this ground.
A.  Analysis of Claims

[13]:

It would have been obvious to apply Ito’s element dimensions to Lee’s
structure, thereby obtaining dimensions satisfying claim 13. APPLE-1003, 9264.
Lee does not disclose dimensions for holes 120, terminals 136, or several layers. It
would have been obvious to a POSITA, in selecting these dimensions, to apply

Ito’s teachings. APPLE-1003, 9264. First, based on Ito’s teaching that “zincating”
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29 €6

on an “aluminum” “terminal electrode” results in “a zinc layer 4 having a thickness
of about 0.3 um,” it would have been obvious to use the same or a similar
thickness for Lee’s “zincation”-formed zinc layer on the “terminals 136.” APPLE-
1015, [0030]; APPLE-1012, [0091]; APPLE-1003, 4265. With the zinc layer
applied as the “contact elements,” the “contact elements” have a height H of about
0.3 um. APPLE-1003, 9265.

With respect to width, as discussed in Section VII.C, the “self-aligned”
zincation process means that the zinc layer grown by zincation on Lee’s terminal
136 would have a greatest width matching, or effectively matching, the width D,
(which can be equal to D)) of the holes 120 in the layers 112/114 that expose the
terminals 136. APPLE-1012, [0096]; APPLE-[1015], [0026], [0029]; APPLE-
1003, 9266.

Ito discusses “openings 217 in a combination of an “insulating resin layer 7”
and a “copper foil layer 8,” the openings 21 having a “size [] of about 30 um in
diameter.” APPLE-1012, [0138]; APPLE-1003, 4267. It would have been obvious
to apply this or a similar opening size as Lee’s D; and D,. APPLE-1003, 9267.
Ito’s openings 21 are formed through the same combination of materials as Lee’s
holes 120: the openings 21 are through a “resin-coated copper (RCC)” layer 7 and

a “copper foil layer 8,” while Lee’s holes 120 are through a “resin coated copper

(RCC)” layer 112 and a “copper foil” layer 112. APPLE-1012, [0099], [0107],
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[0138]; APPLE-1015, [0026]; APPLE-1003, 4267. Further, the openings 21 and
the holes 120 are both formed using a laser and are used for the same purpose of
making contact to underlying terminals. APPLE-1012, [0138]; APPLE-1015,

[0028]; APPLE-1003, 9267-268. This correspondence is illustrated below.

Hole diameter in
foil/resin = 30 pm D, Copper foil (first
Copper foil rl_] ﬁ / conductive layer 114)

1 : |
8 “L[ 8 X
N I:///)('//, @ \/ \ \7!
Tt 136
1 71 1] + \ i
37| 245 37245 T T Cu

Left: portion of Ito FIG. 4A; Right: portion of Lee FIG. 1E

Therefore, it would have been obvious, as the application of a known
technique from Ito to a similar device structure in Lee, to apply Ito’s hole size of
“about 30 um” as Lee’s diameter D, and/or D,. APPLE-1012, [0138]; APPLE-
1003, 9269. Based on this dimension, Lee’s zinc layer (contact element) has a
height of 0.3 um and a maximum width of about 30 um, satisfying claim 13.

APPLE-1003, 9269.
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[15]:

It would have been obvious to provide Ito’s “first passivation layer 101 on
the top surface of Lee’s dies 130, with contact holes for the terminals 136, in order
to passivate the surface. APPLE-1003, 270.

XIII. GROUND 2E: Claims 15-16, 18, and 20 are obvious over Lee and
Tuominen

To the extent Sakamoto is found necessary to render obvious the aluminum
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terminals 136 for claim 1, Sakamoto is included in this ground.
A.  Analysis of Claims
[15]:
It would have been obvious to use Tuominen’s “adhesive 5 (shown in FIG.
9) to attach Lee’s dies 130 to Lee’s first dielectric layer 112, such that the adhesive
(a “polymer layer”) is between the “first insulator layer” (first dielectric layer 112)

and the “at least one component” (dies 130) and includes “contact holes.” APPLE-

1003, 9272.
Component
6 S~
6 Adhesive 5
_ — /
Insulator layer /
10 \

RN

17717

Contact areas 7

Portion of Tuominen FIG. 9

The structures being attached are essentially the same: Lee attaches dies 130
to a combination of a first dielectric layer 112 and a copper foil 114, whereas

Tuominen attaches components 6 to a combination of an insulator layer 10 and a
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copper foil layer 4. APPLE-1015, [0026]; APPLE-1014, 5:3-11; APPLE-1003,
9273. And Lee describes that, although the first dielectric 112 may have adhesive
properties that allow attachment “without an adhesive,” “in other embodiments []
the microelectronic device assembly may include an adhesive for attaching the dies
130 to the substrate 110.” APPLE-1015, [0029]; APPLE-1003, 94273. It would have
been obvious, in these “other embodiments,” to apply Tuominen’s known method,

including the use of the adhesive 5, to obtain the predictable result of the dies 130

attached to the first dielectric layer 112 by the adhesive 5. APPLE-1003, 4273.
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(terminal 136)

Obvious to place Tuominen’s
adhesive 5 between dies 130
and first dielectric layer 112

Component
(dies 130)

Lee FIG. 1E

Tuominen’s adhesive 5 is “a thermally hardening epoxy,” a polymer.

APPLE-1014, 8:8; APPLE-1003, 9274. As a result, when the adhesive 5 is used to
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attach Lee’s dies 130 to Lee’s first dielectric layer 112, the resulting structure
would include “a polymer layer” (adhesive 5) between the “first insulator layer”
(dielectric layer 112) and “the at least one component” (dies 130). APPLE-1003,
274. “Contact holes for the contact elements” (terminals 136) would be present in
the adhesive to permit electrical connection to the dies 130, matching the

configuration of contact holes in Tuominen’s adhesive 5 and Lee’s first dielectric
layer 112. APPLE-1014, FIG. 9; APPLE-1015, FIG. 1E; APPLE-1003, 4274.

[16]:

It would have been obvious to have Tuominen’s adhesive 5, integrated into
Lee’s structure as discussed with respect to [15], be a “hardened adhesive.”
APPLE-1003, 9275. Tuominen describes that the adhesive 5 is a “thermally
hardening epoxy” that can undergo a “final hardening.” APPLE-1014, 8:8-21.
Tuominen also discusses that “after spreading the adhesive hardens or can be
hardened at least partly, in such a way that the adhesive can hold the component in
place.” APPLE-1014, 7:18-26. It would have been obvious for a POSITA to
harden the adhesive to obtain the predictable, desirable result of securing Lee’s
first dielectric layer 112 to Lee’s dies 130, as taught by Tuominen. APPLE-1003,
91275.

[18], [20]: See [15] for Ground 2E.

XIV. DISCRETIONARY CONSIDERATIONS
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Discretionary denial under Advanced Bionics is not warranted. Neither
Sakamoto nor Lee was applied/addressed during prosecution, or even listed on the
face of the ’324 Patent. See APPLE-1002.

EP1259103, in the same family as Sakamoto, was cited by the applicant
during prosecution of Application No. 12/990,785, the parent application to the
’324 Patent. APPLE-1018, 407. However, this reference was not applied in any
rejection, or otherwise meaningfully addressed, during prosecution of that
application. APPLE-1018, 17-59. Further, the claims considered in the parent
application differ substantially from at least the independent claims of the 324
Patent. See APPLE-1018, 32-38. As such, part one of the Advanced Bionics
framework 1s not satisfied.

Moreover, the examiner’s failure to apply EP1259103 during prosecution
was erroneous, such that part 2 of the Advanced Bionics framework is not satisfied.
For example, the examiner failed to appreciate that Sakamoto discloses first,
second, and third metals arranged as recited in claim 1, or that Sakamoto FIG. 7(A)
directly illustrates the “surface area” elements of claim 1. The omission of
EP1259103 or Sakamoto from any applied rejection and failure to consider its
teachings constitutes material error.

XV. Fintiv Factors Weigh in Favor of Institution

The Fintiv factors weigh against exercising discretionary denial.
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Factor 1 is neutral or favors institution. Motion to Transfer to the Northern
District of California is pending. While a motion to stay has not been filed, and the
PTAB does not infer how the district court would rule, the pending motion at least
increases the likelihood of a stay. Hulu LLC v. SITO Mobile R&D IP, LLC,
IPR2021-00298, Paper 11, 10-11 (May 19, 2021).

Factor 2 favors institution. The Board will likely issue its Final Written
Decision by about August 2026, several months before the median time-to-trial in
WDTX (November 2026, based on median time of 33.1 months). The trial date is
uncertain and subject to change due to a number of factors, including the pending
transfer motion. APPLE-1036.

Factor 3 favors institution because Petitioner has diligently filed this
Petition while the litigation remains in its early stages.

Factors 4 and 5 are neutral or favor institution. Resolution is expected well
before a decision in the District Court, which mitigates against duplication of effort
and serves efficiency/integrity goals. Same parties are in the co-pending litigation.

Factor 6 favors institution because this Petition’s merits are compelling for
the reasons described herein, demonstrating unpatentability based on multiple
independent grounds.

XVI. PAYMENT OF FEES - 37 C.F.R. §42.103

Petitioner authorizes the Patent and Trademark Office to charge any fees to
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Deposit Account No. 06-1050.

XVII. CONCLUSION
The Challenged Claims should be canceled.

XVIIL. MANDATORY NOTICES UNDER 37 C.F.R §42.8(a)(1)
A. Real Party-In-Interest Under 37 C.F.R. §42.8(b)(1)

Apple is the petitioner and the real party-in-interest.

B. Related Matters Under 37 C.F.R. §42.8(b)(2)

Petitioner is not aware of any disclaimers, reexamination certificates or
pending petitions for inter partes review for the 324 Patent. The *324 Patent is the
subject of: ImberaTek LLC v. Apple Inc., 1-24-cv-00129 (WDTX), filed February
5, 2024; Samsung Electronics Co., Ltd. et al v. ImberaTek LLC, IPR2023-00055
(PTAB), filed October 17, 2022; and ImberaTek LLC v. Samsung Electronics Co.,
Ltd. et al., 2-22-cv-00233 (EDTX), filed June 24, 2022.

C. Lead And Back-Up Counsel Under 37 C.F.R. §42.8(b)(3)

Petitioner provides the following designation of counsel.

Lead Counsel Backup counsel

W. Karl Renner, Reg. No. 41,265 Hyun Jin In, Reg. No. 70,014
Fish & Richardson P.C. Alexander Berg, Reg. No. 79,866
60 South Sixth Street, Suite 3200 Fish & Richardson P.C.
Minneapolis, MN 55402 60 South Sixth Street, Suite 3200
Tel: 202-783-5070 Minneapolis, MN 55402
Fax: 877-769-7945 Tel: 202-783-5070
Email: IPR50095-01971P1 @fr.com Fax: 877-769-7945

Email: IPR50095-01971P1 (@fr.com
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D. Service Information

Please address all correspondence and service to the address listed above.

Petitioner consents to electronic service by email at [IPR50095-01971P1@ftr.com.

Dated: February 6., 2025

(Control No. IPR2025-00582)

Respectfully submitted,

/W. Karl Renner/

W. Karl Renner, Reg. No. 41,265
Hyun Jin In, Reg. No. 70,014
Alexander Berg, Reg. No. 79,866
Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

T: 202-783-5070

F: 877-769-7945

Attorneys for Petitioner
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CERTIFICATION UNDER 37 CFR §42.24
Under the provisions of 37 CFR §42.24(d), the undersigned hereby certifies
that the word count for the foregoing Petition for Inter Partes Review totals 13,917

words, which is less than the 14,000 allowed under 37 CFR §42.24.

Dated: February 6, 2025 /W. Karl Renner/
W. Karl Renner, Reg. No. 41,265
Hyun Jin In, Reg. No. 70,014
Alexander Berg, Reg. No. 79,866
Fish & Richardson P.C.
60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
T: 202-783-5070
F: 877-769-7945

(Control No. IPR2025-00582) Attorneys for Petitioner
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CERTIFICATE OF SERVICE
Pursuant to 37 CFR §§42.6(e)(4)(1) et seq. and 42.105(b), the undersigned
certifies that on February 6, 2025, a complete and entire copy of this Petition for
Inter Partes Review and all supporting exhibits were provided via USPS Priority
Express, to the Patent Owner by serving the correspondence address of record as

follows:

LAINE IP OY
PO Box 339
Helsinki, - FI-00181
FINLAND
(571) 281-1426

/Crena Pacheco/

Crena Pacheco

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
pacheco@fr.com




