EXHIBITC
(INFRINGEMENT OF U.S PATENT NO. 10,727,183)

# Claim Language Accused Instrumentalities
1.1 | 1. Anintegrated circuit To the extent the preamble of Claim 1 is limiting, each of the *183 Patent Accused Products,
structure, comprising: including for example the Snapdragon 835 — 10nm microprocessor, comprises an integrated

circuit structure.
1.2 | adielectric layer having an | Each of the *183 Patent Accused Products comprises a dielectric layer having an upper surface,

upper surface, the the dielectric layer comprising silicon, oxygen and carbon.

dielectric layer comprising

silicon, oxygen and For example, the Snapdragon 835 — Samsung 10nm microprocessor includes a layer, shown as
carbon; ILD 3-1 in the figure below, comprises silicon, oxygen and carbon as SiOC.1"®

ILD 3-1 SiOC

ILD 3-1 AINO
ILD 3-2 Si0

. ¢

179 TechInsights Report ACE-1704-802, p.20.
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Also for example, the Samsung Exynos 990 — 7 nm microprocessor includes layers, each of
which comprises silicon, oxygen, and carbon as SiOC: &

- ' ‘ ‘
S0 : :

180 TechInsights Report ACE-2003-801, p.44.
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Claim Language

Accused Instrumentalities

Also for example, the Snapdragon 888 - 5 nm processor comprises interlayer dielectric layers
over the substrate, comprising silicon, oxygen, and carbon, shown as SiOC in the figure below.

181

1.3

a conductive structure in
the dielectric layer, the
conductive structure
comprising:

Each of the 183 Patent Accused Products comprises a conductive structure in the dielectric
layer.

181 TechInsights Report ACE-2101-801, p.46.
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For example, the Snapdragon 835 — 10nm microprocessor comprises a conductive structure in
the dielectric layer, the conductive structure comprising copper and cobalt, labeled as M4 in the
figure below.!#?

ILD 3-1 SiOC

ILD 3-1 AINO
ILD 3-2 Si0

Also for example, the Samsung Exynos 990 - 7 nm microprocessor comprises a conductive
structure in the dielectric layer, the conductive structure comprising copper and cobalt, labeled

182 TechInsights Report ACE-1704-802, p.20.
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as M4 in the figure below:'#3

m“

AN

Si0C

Also for example, the Snapdragon 888 - 5 nm processor comprises a conductive structure in the
dielectric layer, the conductive structure comprising copper and cobalt,'® as shown for M2 in
the figure below:*®®

183 TechInsights Report ACE-2003-801, p.42.
184 TechlInsights Report ACE-2003-801, p.8.
185 TechInsights Report ACE-2101-801, p.42.
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Iy :J-'

LT b |

G !
-

14

a first conductive material
comprising copper, the
first conductive material
having an upper surface,
with a portion of the upper
surface of the first
conductive material below
a portion of the upper
surface of the dielectric
layer; and

In each of the *183 Patent Accused Products, the conductive structure comprises a first
conductive material comprising copper, the first conductive material having an upper surface,
with a portion of the upper surface of the first conductive material below a portion of the upper
surface of the dielectric layer.

For example, the Snapdragon 835 — 10nm microprocessor comprises a conductive structure in
the dielectric layer, the conductive structure further comprising a first conductive material
comprising copper, the first conductive material having an upper surface, with a portion of the
upper surface of the first conductive material below a portion of the upper surface of the
dielectric layer. On information and belief, a portion of the conductive material comprising
copper forms a divot that falls a distance below the upper surface of the dielectric layer (circled
in red).1®

186 TechInsights Report ACE-1704-802, p.20.

Page 6 of 46

112




Claim Language

Accused Instrumentalities

ILD 3-1 SiOC

ILD 3-1 AINO
ILD 3-2 Si0

=

Also for example, the Samsung Exynos 990 - 7 nm microprocessor comprises a conductive
structure in the dielectric layer, the conductive structure further comprising a first conductive
material comprising copper, the first conductive material having an upper surface, with a
portion of the upper surface of the first conductive material below a portion of the upper surface
of the dielectric layer. On information and belief, a portion of the conductive material

comprising copper forms a divot that falls a distance below the upper surface of the dielectric
layer (circled in red):%

187 TechInsights Report ACE-2003-801, p.44.
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Claim Language

Accused Instrumentalities

Also for example, the Snapdragon 888 - 5 nm processor comprises a conductive structure in the
dielectric layer, the conductive structure further comprising a first conductive material
comprising copper, the first conductive material having an upper surface, with a portion of the
upper surface of the first conductive material below a portion of the upper surface of the

dielectric layer.!8® On information and belief, a portion of the conductive material comprising

18 Techlnsights Report ACE-2101-801, pp.8, 42.
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Claim Language

Accused Instrumentalities

copper forms a divot that falls a distance below the upper surface of the dielectric layer (circled
in red), as shown for M2 in the figure below:'®

il o
(LTt e

1.5

a second conductive
material on the upper
surface of the first
conductive material, the
second conductive material
comprising cobalt, wherein
the first conductive
material and the second
conductive material have a
same width at a location
where the first conductive
material and the second
conductive material meet,
wherein the second
conductive material has an

In each of the *183 Patent Accused Products, the conductive structure comprises a second
conductive material on the upper surface of the first conductive material, the second conductive
material comprising cobalt, wherein the first conductive material and the second conductive
material have a same width at a location where the first conductive material and the second
conductive material meet, wherein the second conductive material has an upper surface having
a portion substantially co-planar with the portion of the upper surface of the dielectric layer, and
wherein the upper surface of the second conductive material has a curved corner below the
portion of the upper surface of the dielectric layer.

For example, in the Snapdragon 835 — 10nm microprocessor the second conductive material is a
cobalt capping layer on top of the copper conductive material. The divot forms a curved
corner.1%

189 Techlnsights Report ACE-2101-801, p.42.
190 TechInsights Report ACE-1704-802, p.20.
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Accused Instrumentalities

upper surface having a
portion substantially co-
planar with the portion of
the upper surface of the
dielectric layer, and
wherein the upper surface
of the second conductive
material has a curved
corner below the portion of
the upper surface of the
dielectric layer; and

S
[ T

ILD 3-1 SiOC

ILD 3-2 Si0

ILD 3-1 AINO

e S——" T
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Also for example, in the Samsung Exynos 990 - 7 nm microprocessor, the second conductive
material is a cobalt capping layer on top of the copper conductive material. The divot forms a
curved corner: 1%

58 nm | TSENT

Si0

— - b 7 TS
B Y o RS . = il 8
! R T4y i, 38 - oA

Also for example, in the Snapdragon 888 - 5 nm processor, the second conductive material is a
cobalt capping layer on top of the copper conductive material.}®> The divot forms a curved
corner:1%

191 TechInsights Report ACE-2003-801, p.44.
192 Techlnsights Report ACE-2101-801, p.8.
193 TechInsights Report ACE-2101-801, p.42.
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Accused Instrumentalities

[ G G|

1.6

a barrier layer partially
surrounding the conductive
structure, the barrier layer
comprising tantalum.

Each of the *183 Patent Accused Products comprises a barrier layer partially surrounding the
conductive structure, the barrier layer comprising tantalum.

For example, the barrier layer in the Snapdragon 835 — Samsung 10nm microprocessor is
Tantalum-based.

Also for example, the barrier layer in the Samsung Exynos — 7 nm microprocessor is Tantalum-
based.%

Also for example, the barrier layer in the Snapdragon 888 - 5 nm processor is Tantalum-based.'*

2.1

2. The integrated circuit
structure of claim 1,

See Claim 1, above.

2.2

wherein the barrier layer
further comprises nitrogen.

On information and belief, the barrier layer in each of the *183 Patent Accused Products further
comprises nitrogen.

19 Techlnsights Report ACE-2003-801, pp.8, 40.
195 Techinsights Report ACE-2101-801, pp.8, 42.
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Accused Instrumentalities

18.1 | 18. A computing device, To the extent the preamble of Claim 18 is limiting, each of the *183 Patent Accused Products,
comprising: including for example the Galaxy S8, Galaxy S20, and Galaxy S21 mobile telephones, is a

computing device.

18.2 | a board, Each of the 183 Patent Accused Products comprises a board that is coupled to a

mMicroprocessor.

18.3 | and a component coupled | Each of the *183 Patent Accused Products comprises a microprocessor component coupled to
to the board, the the board, such as for example the Snapdragon 835 — 10nm microprocessor, and for which the
component including an microprocessor component includes an integrated circuit structure.
integrated circuit structure,
comprising:

18.4 | adielectric layer having an | Each of the *183 Patent Accused Products comprises a dielectric layer having an upper surface,

upper surface, the
dielectric layer comprising
silicon, oxygen and
carbon;

the dielectric layer comprising silicon, oxygen and carbon.

For example, the Snapdragon 835 — Samsung 10nm microprocessor includes a layer, shown as
ILD 3-1 in the figure below, comprises silicon, oxygen and carbon as SiOC.1%

ILD 3-1 SiOC

ILD 3-2 Si0

19 TechInsights Report ACE-1704-802, p.20.
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Also for example, the Samsung Exynos 990 — 7 nm microprocessor includes layers, each of
which comprises silicon, oxygen, and carbon as SiOC: %

S0

197 TechInsights Report ACE-2003-801, p.44.
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Accused Instrumentalities

Also for example, the Snapdragon 888 - 5 nm processor comprises interlayer dielectric layers
over the substrate, comprising silicon, oxygen, and carbon, shown as SiOC in the figure below.

198

18.5

a conductive structure in
the dielectric layer, the
conductive structure
comprising:

Each of the 183 Patent Accused Products comprises a conductive structure in the dielectric
layer.

198 TechInsights Report ACE-2101-801, p.46.
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For example, the Snapdragon 835 — 10nm microprocessor comprises a conductive structure in
the dielectric layer, the conductive structure comprising copper and cobalt, labeled as M4 in the
figure below.'*

ILD 3-1 SiOC

ILD 3-1 AINO
ILD 3-2 Si0

Also for example, the Samsung Exynos 990 - 7 nm microprocessor comprises a conductive
structure in the dielectric layer, the conductive structure comprising copper and cobalt, labeled

199 TechInsights Report ACE-1704-802, p.20.
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as M4 in the figure below:2%

m“

AN

Si0C

Also for example, the Snapdragon 888 - 5 nm processor comprises a conductive structure in the
dielectric layer, the conductive structure comprising copper and cobalt,?°* as shown for M2 in
the figure below:2%

200 TechInsights Report ACE-2003-801, p.42.
201 Techlnsights Report ACE-2003-801, p.8.
202 TechInsights Report ACE-2101-801, p.42.
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Accused Instrumentalities

Iy :J-'

LT b |

G !
-

18.6

a first conductive material
comprising copper, the
first conductive material
having an upper surface,
with a portion of the upper
surface of the first
conductive material below
a portion of the upper
surface of the dielectric
layer; and

In each of the *183 Patent Accused Products, the conductive structure comprises a first
conductive material comprising copper, the first conductive material having an upper surface,
with a portion of the upper surface of the first conductive material below a portion of the upper
surface of the dielectric layer.

For example, the Snapdragon 835 — 10nm microprocessor comprises a conductive structure in
the dielectric layer, the conductive structure further comprising a first conductive material
comprising copper, the first conductive material having an upper surface, with a portion of the
upper surface of the first conductive material below a portion of the upper surface of the
dielectric layer. On information and belief, a portion of the conductive material comprising
copper forms a divot that falls a distance below the upper surface of the dielectric layer (circled
in red).?®

203 TechInsights Report ACE-1704-802, p.20.
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# Claim Language Accused Instrumentalities

ILD 3-1 SiOC

ILD 3-1 AINO
ILD 3-2 Si0

=

Also for example, the Samsung Exynos 990 - 7 nm microprocessor comprises a conductive
structure in the dielectric layer, the conductive structure further comprising a first conductive
material comprising copper, the first conductive material having an upper surface, with a
portion of the upper surface of the first conductive material below a portion of the upper surface
of the dielectric layer. On information and belief, a portion of the conductive material

comprising copper forms a divot that falls a distance below the upper surface of the dielectric
layer (circled in red):2%

204 TechInsights Report ACE-2003-801, p.44.
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# Claim Language Accused Instrumentalities

Also for example, the Snapdragon 888 - 5 nm processor comprises a conductive structure in the
dielectric layer, the conductive structure further comprising a first conductive material
comprising copper, the first conductive material having an upper surface, with a portion of the
upper surface of the first conductive material below a portion of the upper surface of the
dielectric layer.?®® On information and belief, a portion of the conductive material comprising

205 Techlnsights Report ACE-2101-801, pp.8, 42.
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Claim Language

Accused Instrumentalities

copper forms a divot that falls a distance below the upper surface of the dielectric layer (circled
in red), as shown for M2 in the figure below:%

il o
(LTt e

18.7

a second conductive
material on the upper
surface of the first
conductive material, the
second conductive material
comprising cobalt, wherein
the first conductive
material and the second
conductive material have a
same width at a location
where the first conductive
material and the second
conductive material meet,
wherein the second
conductive material has an

In each of the *183 Patent Accused Products, the conductive structure comprises a second
conductive material on the upper surface of the first conductive material, the second conductive
material comprising cobalt, wherein the first conductive material and the second conductive
material have a same width at a location where the first conductive material and the second
conductive material meet, wherein the second conductive material has an upper surface having
a portion substantially co-planar with the portion of the upper surface of the dielectric layer, and
wherein the upper surface of the second conductive material has a curved corner below the
portion of the upper surface of the dielectric layer.

For example, in the Snapdragon 835 — 10nm microprocessor the second conductive material is a
cobalt capping layer on top of the copper conductive material. The divot forms a curved
corner.?%

206 Techlnsights Report ACE-2101-801, p.42.
207 TechInsights Report ACE-1704-802, p.20.
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# Claim Language

Accused Instrumentalities

upper surface having a
portion substantially co-
planar with the portion of
the upper surface of the
dielectric layer, and
wherein the upper surface
of the second conductive
material has a curved
corner below the portion of
the upper surface of the
dielectric layer; and

S
[ T

ILD 3-1 SiOC

ILD 3-2 Si0

ILD 3-1 AINO

e S——" T
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Also for example, in the Samsung Exynos 990 - 7 nm microprocessor, the second conductive
material is a cobalt capping layer on top of the copper conductive material. The divot forms a
curved corner: 208

58 nm | TSENT

Si0

— - b 7 TS
B Y o RS . = il 8
! R T4y i, 38 - oA

Also for example, in the Snapdragon 888 - 5 nm processor, the second conductive material is a
cobalt capping layer on top of the copper conductive material.?®® The divot forms a curved
corner:?10

208 TechInsights Report ACE-2003-801, p.44.
209 TechlInsights Report ACE-2101-801, p.8.
210 TechInsights Report ACE-2101-801, p.42.
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Accused Instrumentalities

0 Can) y
[ CarTtd e

18.8

a barrier layer partially
surrounding the conductive
structure, the barrier layer
comprising tantalum.

Each of the *183 Patent Accused Products comprises a barrier layer partially surrounding the
conductive structure, the barrier layer comprising tantalum.

For example, the barrier layer in the Snapdragon 835 — Samsung 10nm microprocessor is
Tantalum-based.

Also for example, the barrier layer in the Samsung Exynos — 7 nm microprocessor is Tantalum-
based.?!

Also for example, the barrier layer in the Snapdragon 888 - 5 nm processor is Tantalum-
based.??

19.1

19. The computing device
of claim 18, further
comprising:

See claim 18, above.

211 TechlInsights Report ACE-2003-801, pp.8, 40.
212 TechlInsights Report ACE-2101-801, pp.8, 42.
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# Claim Language Accused Instrumentalities
19.2 | a memory coupled to the Each of the *183 Patent Accused Products comprises a memory, such as RAM, ROM, and/or
board. flash memory, coupled to the board.
For example, the Samsung Galaxy S21 has 8 GB of LPDDR5 memory and 128 or 256 GB of
storage memory.?
20.1 | 20. The computing device | See claim 18, above.
of claim 18, further
comprising:
20.2 | a communication chip Each of the *183 Patent Accused Products comprises a communication chip, such as a chip to
coupled to the board. enable Wi-Fi, bluetooth, and/or cellular radio communications, coupled to the board.
For example, the Snapdragon 888 processor in the Samsung Galaxy S21 has an integrated 5G
modem, and the Samsung Galaxy S21 also has chips that enable Wi-Fi and Bluetooth
communications.?4
21.1 | 21. The computing device | See claim 18, above.
of claim 18, further
comprising:
21.2 | a camera coupled to the Each of the *183 Patent Accused Products (except for the Samsung Galaxy Watch4, Samsung
board. Galaxy Watch4 Classic, Samsung Galaxy Watch3, Samsung Galaxy Watch Active2, and
Samsung Galaxy Watch Active) comprises a camera, such as a lens and photosensor, coupled to
the board.

213 https://www.ifixit.com/Device/Samsung Galaxy S21#Section Background and Identification .
214 hitps://www.ifixit.com/Device/Samsung Galaxy S21#Section Background and ldentification .

131
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Accused Instrumentalities

For example, the Samsung Galaxy S21 has main and selfie cameras coupled to the board.?*®

22.1

22. The computing device
of claim 18, further
comprising:

See claim 18, above.

22.2

a battery coupled to the
board.

Each of the *183 Patent Accused Products comprises a battery, such as a lithium-ion battery,
coupled to the board.

For example, the Samsung Galaxy S21 has a Li-lon 4000 mAh, non-removable battery coupled
to the board.?

23.1

23. The computing device
of claim 18, further
comprising:

See claim 18, above.

23.2

an antenna coupled to the
board.

Each of the *183 Patent Accused Products comprises an antenna, such as Wi-Fi, Bluetooth, and/or
cellular radio antenna, coupled to the board.

For example, the Samsung Galaxy S21 has a 5G antenna coupled to the board.?’

24.1

24. The computing device
of claim 18,

See claim 18, above.

215 https://www.ifixit.com/Device/Samsung Galaxy S21#Section Background and Identification .

216 https://www.ifixit.com/Device/Samsung Galaxy S21#Section Background and Identification .

217 https://www.ifixit.com/Guide/Samsung+Galaxy+S21+5G+Antenna+Replacement/148692
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Accused Instrumentalities

24.2 | wherein the component is
a packaged integrated
circuit die.

The semiconductor processor in each of the 183 Patent Accused Products is a packaged
integrated circuit die.

For example, the Snapdragon 888 in the Samsung Galaxy S21 is a packed integrated circuit die.?*8

25.1 | 25. The computing device
of claim 18,

See claim 18, above.

25.2 | wherein the component is
selected from the group
consisting of a processor, a
communications chip, and
a digital signal processor.

The semiconductor processor in each of the *183 Patent Accused Products is a processor.

For example, the Snapdragon 888 in the Samsung Galaxy S21 is a processor.?*?

218 Techlnsights Report ACE-2101-801, pp. 5, 9-14.
219 TechlInsights Report ACE-2101-801.

Page 27 of 46

133




EXHIBITD
(INFRINGEMENT OF U.S PATENT NO. 9,672,321)

# | Claim Language Accused Instrumentalities
1.1 | 1. An apparatus, To the extent the preamble of Claim 1 is limiting, each of the *321 Patent Accused Products
comprising: comprises an apparatus.

For example, the Snapdragon 888 - 5 nm processor comprises an apparatus.

1.2 | a substrate comprising Each of the *321 Patent Accused Products comprises a substrate comprising silicon.
silicon;
For example, the Snapdragon 888 - 5 nm processor comprises a substrate comprising silicon.
1.3 | an interlayer dielectric Each of the 321 Patent Accused Products comprises an interlayer dielectric layer over the
layer over the substrate, substrate, the interlayer dielectric layer comprising silicon, oxygen, and carbon, the interlayer
the interlayer dielectric dielectric layer having a top boundary.
layer comprising silicon,
oxygen, and carbon, the For example, the Snapdragon 888 - 5 nm processor comprises interlayer dielectric layers over
interlayer dielectric layer | the substrate, comprising silicon, oxygen, and carbon, shown as SiOC in the figure below. 22
having a top boundary; Each interlayer dielectric layer has a top boundary:

220 Techinsights Report ACE-2101-801, p.46.

134

Page 28 of 46



# | Claim Language

Accused Instrumentalities

1.4 | atrench in the interlayer
dielectric layer, the trench
having internal sidewalls;

Each of the *321 Patent Accused Products comprises a trench in the interlayer dielectric layer,
the trench having internal sidewalls.

For example, the Snapdragon 888 - 5 nm processor comprises M0-M4 copper metal layers, each

comprising at least one trench in a corresponding SiOC interlayer dielectric layer, %! as shown

for M0-M2 in the figure below: 222
Si0

by | 100 nm
v il e
Cx (Co) CofTai H et

Tech
nsights

1.5 | a barrier layer comprising
tantalum and nitrogen on
the internal sidewalls of
the trench;

Each of the ’321 Patent Accused Products comprises a barrier layer comprising tantalum and
nitrogen on the internal sidewalls of the trench.

221 Techlnsights Report ACE-2101-801, p.8.
222 Techinsights Report ACE-2101-801, p.46.
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For example, the Snapdragon 888 - 5 nm processor comprises M0-M4 copper metal layers
further comprising liners on the internal sidewalls of the trenches comprising cobalt, tantalum
and nitrogen ,?%% as shown for M0-M2 in the figure below: 22

B W LR
L) — .
Cx (Co) CorTan ;

=

Tech
Insights

1.6 | a conductive material in Each of the *321 Patent Accused Products comprises a conductive material in the trench, the
the trench, the barrier layer | barrier layer between the conductive material and the interlayer dielectric layer.

between the conductive
material and the interlayer | For example, the Snapdragon 888 - 5 nm processor comprises M0-M4 copper metal layers
dielectric layer; and comprising conductive copper and cobalt in the trenches,??® as shown for M0-M2 in the figure
below:?2

223 TechlInsights Report ACE-2101-801, p.8.
224 TechInsights Report ACE-2101-801, p.46.
225 TechlInsights Report ACE-2101-801, p.8.
226 TechInsights Report ACE-2101-801, p.46.

136
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S0

() = ‘ H‘
-~ 1 1 = |
Cx(Co) CafTaN EJl e

Tech
Iinsights

1.7

a capping region
comprising cobalt directly
on the top of the
conductive material
comprising copper and
cobalt, a top of the capping
region near the interlayer
dielectric layer being no
higher than the top
boundary of the interlayer

Each of the 321 Patent Accused Products comprises a capping region comprising cobalt
directly on the top of the conductive material comprising copper and cobalt, a top of the
capping region near the interlayer dielectric layer being no higher than the top boundary of the
interlayer dielectric layer that is near the capping region.

For example, the Snapdragon 888 - 5 nm processor comprises M0-M4 copper metal layers
comprising a cobalt cap directly on top of the conductive material comprising copper and
cobalt??” as shown for M0-M2 in the figure below:??

227 TechlInsights Report ACE-2101-801, p.8.
228 TechInsights Report ACE-2101-801, p.46.
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Accused Instrumentalities

dielectric layer that is near
the capping region.

For example, in at least the Snapdragon 888 - 5 nm processor M0O-M2 copper metal layers, the
cobalt cap near the interlayer dielectric layer is no higher than the top boundary of the interlayer
dielectric layer near the cobalt cap as shown in the figure below:?%°

229 TechInsights Report ACE-2101-801, p.46.
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Accused Instrumentalities

S0 Niﬂl

2.1 | 2. The apparatus of
claim 1,

See claim 1, above.

2.2 | wherein the interlayer
dielectric layer comprises
a low-k material.

Each of the *321 Patent Accused Products comprises an interlayer dielectric layer that
comprises a low-k dielectric material.

For example, SiOC is a low-k dielectric material.

7.1 | 7. An apparatus,
comprising:

Each of the ’321 Patent Accused Products comprises an apparatus.

For example, the Samsung Galaxy S21 phone which includes the Snapdragon 888 - 5 nm
processor, the Samsung Galaxy S20 phone which includes the Samsung Exynos 990 - 7 nm
processor and the Samsung Galaxy S8 phone which includes the Snapdragon 835 — 10 nm
processor each comprise an apparatus.

Page 33 of 46
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Accused Instrumentalities

7.2 | a substrate comprising a
semiconductor material,

Each of the *321 Patent Accused Products comprises a substrate comprising a semiconductor
material.

For example, the Snapdragon 835 - Samsung 10nm microprocessor comprises a silicon

substrate as shown in the figure below:%*°
ILD 0-3 SiOC m

ILDO0-2SI0  |Lpo-1 AIND SiCNO

PMD 2 Si0

_PMD 1,

Tech

Insights

230 TechInsights Report ACE-1704-802, p.21.
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Accused Instrumentalities

Also for example, the Samsung Exynos 990 — 7 nm processor comprises a silicon substrate as
shown in the figure below: %!

; W W vioco B B0
i o) MBS Cu 1 —a 1

7.3 | a dielectric layer over the
substrate, the dielectric
layer having a top
boundary;

Each of the 321 Patent Accused Products comprises a dielectric layer over the substrate, the
dielectric layer having a top boundary.

231 TechInsights Report ACE-2003-801, p.41.
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For example, the Snapdragon 835 — Samsung 10nm microprocessor includes a dielectric layer
over the substrate having a top boundary, shown as ILD 0-3 SiOC in the figure below: 232

ILD 0-3 SioC

LD 0-25I0 1 po-1 AINO
PMD 2 Si0

For example, the Samsung Exynos 990 — 7 nm microprocessor includes an SiOC dielectric
layer over the substrate having a top boundary: 2

232 TechlInsights Report ACE-1704-802, p.21.
233 TechInsights Report ACE-2003-801, p.44.
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sioc S54nm| -

Sio .

RN AN 3 ‘T.I..:' _
0 58 nm | (o aPL

G g0 v

7.4 | a plurality of trenches in
the dielectric layer, the
plurality of trenches
having sidewalls;

Each of the *321 Patent Accused Products comprises a plurality of trenches in the dielectric
layer, the plurality of trenches having sidewalls.

Page 37 of 46
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For example, the Snapdragon 835 — Samsung 10nm microprocessor includes an M1 metal layer
that comprises a plurality of trenches in the ILD 0-3 dielectric layer as shown in the figure
below: 234

Si substrate

sOhts

The M1 trenches have sidewalls as shown in the figure below: #°

234 TechlInsights Report ACE-1704-802, p.26.
235 TechInsights Report ACE-1704-802, p.22.
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Also for example, the Samsung Exynos 990 - 7 nm microprocessor includes an M2 metal layer
that comprises a plurality of trenches in the SIOC dielectric layer as shown in the figure
below:?%®

238 TechInsights Report ACE-2003-801, p.44.

145
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SiOo

SioC

Sio

7.5

a barrier layer on the
sidewalls of at least some
of the plurality of trenches;

Each of the *321 Patent Accused Products comprises a barrier layer on the sidewalls of at least
some of the plurality of trenches.

For example, in the Snapdragon 835 — Samsung 10nm microprocessor at least some of the
copper M1-M4 metal layer trenches have a tantalum barrier layer on the sidewalls, 23" as shown
in the figure for M1 below: ##

237 TechlInsights Report ACE-1704-802, p.5.
238 TechInsights Report ACE-1704-802, p.22.
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Also example, in the Samsung Exynos 990 — 7 nm microprocessor at least some of the copper

MO-M4 metal layer trenches have a tantalum barrier layer on the sidewalls,

figure for M2 below: 4

239 35 shown in the

239 Techlnsights Report ACE-2003-801, p.8.
240 TechInsights Report ACE-2003-801, p.44.
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7.6

conductive material in the
at least some of the
plurality of trenches, the
barrier layer being
between the conductive
material and the sidewalls,
the conductive material
being no higher than the
top boundary of the
dielectric layer at a
location near to the
conductive material; and

Each of the 321 Patent Accused Products comprises conductive material in the at least some of
the plurality of trenches, the barrier layer being between the conductive material and the
sidewalls, the conductive material being no higher than the top boundary of the dielectric layer
at a location near to the conductive material.

For example, the Snapdragon 835 — Samsung 10nm microprocessor comprises conductive
copper and cobalt in the M1 metal layer trenches, with a tantalum barrier between the copper
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and the sidewalls and the conductive copper and cobalt being no higher than the top boundary
of the ILD 0-3 dielectric layer at a location near to the copper, as shown in the figure below: 24

Also for example, the Samsung Exynos 990 — 7 nm microprocessor comprises conductive
copper and cobalt in the M2 metal layer trenches, with a tantalum barrier between the copper
and the sidewalls and the conductive copper and cobalt being no higher than the top boundary
of the dielectric layer at a location near to the copper, as shown in the figure below: 242
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T.aN.I'C: liner

7.7 | a capping region
comprising cobalt directly
on the conductive material
comprising copper and
cobalt, the capping region
being no higher than the

Each of the *321 Patent Accused Products comprises a capping region comprising cobalt
directly on the conductive material comprising copper and cobalt, the capping region being no
higher than the top boundary of the dielectric layer that is near to the capping region.

For example, the Snapdragon 835 — Samsung 10nm microprocessor comprises copper metal
layers 1-4 having a cobalt capping layer.?*® As shown for M1 in the figure below, the coSbalt

241 TechInsights Report ACE-1704-802, p.22.
242 TechlInsights Report ACE-2003-801, pp.8, 40.
243 Techlnsights Report ACE-1704-802, p.5.
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top boundary of the
dielectric layer that is near
to the capping region.

cap is directly on the conductive material comprising copper and cobalt and is no higher than
the top boundary of the dielectric layer that is near to the capping region: 24
Metal 1 & Anaisis - e

Also for example, the Samsung Exynos 990 — 7nm microprocessor comprises copper metal
layers 0-4 having anor cobalt capping layer.?*> As shown for M2 in the figure below, the cobalt
cap is directly on the conductive material comprising copper and cobalt and is no higher than
the top boundary of the dielectric layer that is near to the capping region: 248

24 TechInsights Report ACE-1704-802, p.22.
24 TechlInsights Report ACE-2003-801, p.8.
246 TechInsights Report ACE-2003-801, p.44.
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8.1 | 8. The apparatus of See claim 7, above.
claim 7,

8.2 | wherein the dielectric layer | Each of the *321 Patent Accused Products comprises a dielectric layer that comprises a silicon,
comprises a silicon, oxygen, and carbon.

oxygen, and carbon.
For example, SiOC is a silicon, oxygen, and carbon.

9.1 | 9. The apparatus of See claim 8, above.
claim 8,

9.2 | wherein the dielectric layer | Each of the *321 Patent Accused Products comprises a dielectric layer that comprises a silicon,
comprises carbon doped oxygen, and carbon.
silicon oxide.

For example, SIOC comprises carbon doped silicon oxide.
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