

























































































































































































































































































[0042]. The input/output unit performs an input and/or output function with respect
to the cell array area 202, e.g., transferring data into and out of the cell array area

202 (e.g., from/to the logic circuit 105 or an off-chip device).
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Tsern, FIG. 3

167. This internal datapath, which extends from the memory array 355,
through sense amplifiers (SSA) 360, and to the 1/O interface, is an electrical
connection between the memory cells and the I/O interface. For example, data read
from memory cells of the memory array 355 is sensed by the secondary sense
amplifiers 360, level-shifted by a data level shifter 370, and provided out through

the internal datapath 390 to the I/O interface 340. EX1005, [0037]-[0048], FIG. 3.
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168. For the Takahashi-Tsern-Schuette device, it would have been obvious
for a POSITA to provide a similar electrical connection between the I/O unit and
the cell array area 202 through the sense amplifier area 103, as shown below, to
permit data readout/writing. This configuration would have been consistent with
the well-understood, standard configuration of DRAM devices, which near-
universally included electrical connections from memory cells, through sense
amplifiers, and to I/O circuitry to permit data writing and readout. See, e.g., the
textbook EX1012’s illustration of I/O circuitry (I/O buffers) electrically connected
to the cell matrix in a “DRAM function diagram;” Dono’s illustration of an
electrical connection between I/O circuit 90 and the memory cell array; and the
illustrated electrical connection to “Input-Output” in the reference diagram
supplied by the applicant during prosecution, as discussed in §VII.A.2(a). EX1012,

FIG. 1.1; EX1008, FIG. 1; EX1002, 73.
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169. To provide a specific example, a POSITA would have found it
obvious to connect the I/O unit to the bitlines D and DB, which are themselves
connected to the memory cell array. EX1004, FIG. 7. Takahashi describes that, in a
data read process, “the amplifie[d] potential difference between the pair of bit lines
D and DB is read out as high-level readout data of the semiconductor memory
circuit 201 by an external circuit, and is used for data processing and the like of the
logic circuit 105.” EX1004, [0086]. That is, data is output on the bitlines, and the
“external circuit” reads out the data. Thus, one obvious configuration of the I/O
unit would have been to electrically connect the I/O unit to the memory cells
through the bitlines D and DB, as shown below, so that the I/O unit would have

access to the data on the bitlines D and DB.
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170. Accordingly, the Takahashi-Tsern-Schuette device, which is a DRAM

device, includes an input/output unit electrically connected to the DRAM core cell

The input/output unit of the Takahashi-Tsern-Schuette device is
electrically connected not only to the memory but also to the peripheral circuitry.
For example, this matches the configuration of Tsern’s I/O interface. As shown in
Tsern FIG. 3 (reproduced above in this section), the I/O interface 340 is electrically

connected to sense amplifiers 360 through the internal datapath 390. EX1005,




[0042]. A POSITA would have understood that this makes logical sense and
matches conventional, widely-used DRAM design: the I/O unit is electrically
connected to the sense amplifier so that the I/O unit can receive data signals read
from the memory cells and amplified by the sense amplifier.

172. A POSITA would have found it obvious to similarly configure the I/O
unit of the Takahashi-Tsern-Schuette device to be electrically connected to the
sense amplifier SA101 in Takahashi’s sense amplifier area 103, such that “sense
amplifiers [] sense the addressed row of memory cells and present a selected
column of the sensed memory-cell contents to datapath 390 [which] conveys the
read data to I/O interface 340,” providing data readout. EX1004, FIG. 7; EX1005,
[0042].

173. Indeed, in the obvious connection configuration discussed above in
this section, the I/O unit of the Takahashi-Tsern-Schuette device is electrically
connected to the sense amplifier area 103 through bitlines D and DB. This
electrical connection would have been obvious for a POSITA to configure, so that
the input/output unit can perform its intended function of “read[ing] out” “the
amplifie[d] potential difference between the pair of bit lines D and DB” to obtain

data through the sense amplifier 103. EX1004, [0086].
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174. Because Takahashi’s sense amplifier is a peripheral circuit (see [1.6]

in §VII.A.2(a)), this is an electrical connection between the input/output unit and

the peripheral circuit of the Takahashi-Tsern-Schuette device, as recited in claim 2.

175. A POSITA would also have understood and found obvious that the

I/O unit of the Takahashi-Tsern-Schuette device is included in the “dynamic

random access memory,” i.e., considered part of the DRAM. This comports with

standard terminology and usage in the art, in which “a DRAM” includes not only

the memory cells themselves but also peripheral and I/O circuitry. See, e.g.,
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EX1005, FIG. 5 (showing a “DRAM 310” including “I/O interface 340”);
EX1008, FIG. 1 (showing “a DDR SDRAM” 10 as including a “data 1/O circuit
907); EX1009, FIG. 2; EX1010, FIG. 6; EX1012, FIG. 1.1.

[2.2]: for operating in a third voltage,

176. As discussed in §VII.C.3, the input/output unit of the Takahashi-
Tsern-Schuette device operates in (or at/with) a third voltage Vio. EX1005, [0043],
[0070]. For example, Tsern describes that the I/O interface 340 “rel[ies] upon a
supply voltage Vio.” EX1005, [0043]. The reliance on Vio would have been
understood by a POSITA as operation at Vio, because the I/0O unit would operate

in response or, or based on receiving, Vio, and would be powered by Vio.
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[2.3]: wherein the third voltage is lower than 1.1V.

177. Asdiscussed in §VII.C.3, Vio has a drop of “about 0.2 to about 0.4
volts” compared to the core voltage, which is VPPL or VDD in the Takahashi-
Tsern-Schuette device. EX1006, [0029]. VPPL is 1.0V, and VDD is 0.8V.
EX1004, [0084]. Therefore, Vio is in a range from about 0.6 V to about 0.8 V, or

from about 0.4 Vt0 0.6 V, lower than 1.1 V.
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D. [Ground 1D] Takahashi, Tsern, Schuette, and Endo render
obvious claims 1-2

1. Obviousness of claims 1-2

178. Endo is applied here as discussed for Ground 1B in §VII.B.2. As
discussed in §VII.C.4, Takahashi, Tsern, and Schuette render obvious claims 1-2.
In view of Endo’s explicit disclosure of using a DRAM as the frame buffer in an
eDP 1.3 device, a POSITA would have further found it obvious that the first and
second voltages of the Takahashi-Tsern-Schuette DRAM are capable of making
the DRAM be applied to an eDP, would have been further motivated to apply that
DRAM to an eDP to obtain the benefits discussed above, and would have
reasonably expected success in doing so. EX1007, [0034]-[0035].

E. [GROUNDS 2A and 2A.1] Dono and Goto render obvious claims
1-2; and Dono, Goto, and Youn render obvious claims 1-2

1. Dono

179. Dono is directed to “SDRAM?” (synchronous dynamic random-access
memory), a type of DRAM. EX1008, [0024]. The common double data rate (DDR)
DRAM type referred to by the 017 Patent is an example of an SDRAM, which
incorporates a synchronous interface that syncs operations to master clock signal.
EX1012, 29-30. The DRAM of FIG. 1 includes conventional elements such as a
memory cell array 70, a sense circuit 64 including sense amplifiers, a data I/O
circuit 90, an address controller 50, a delay-locked loop (DLL) circuit 80, and a

control logic 35. EX1008, [0027], [0030], [0032], [0035], [0040], FIG. 1. These
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elements perform DRAM operations. For example, the address controller 50
includes buffers 51, 52 that latch rows and columns for cell addressing. EX1008,
[0033], FIG. 1. Delay-locked loops are commonly used in DDR SDRAMs; the
DLL circuit 80 “generates a phase-controlled internal clock LCLK” that is supplied
to the I/0O circuit 90. EX1012, 149; EX1008, [0027]. The control logic 35 includes
a mode register and a refresh controller. EX1008, [0030].

180. To power internal components, Dono’s DRAM receives an externally-
supplied voltage VDD at a power supply circuit 16, which “generates internal
power source potentials VPP, VOD, VPERI, and VARY. These potentials have a
size relationship of VPP>VDD>VOD>VPERI=VARY>VSS.” EX1008, [0042].
The outlines of circuit blocks of FIG. 1 (“thick line,” “normal line,” “double line,”
and “broken line”) indicate which voltage is used (“handle[d]”) by each
component. EX1008, [0043], FIG. 1. Some blocks (e.g., the first level shifters 23,
33, 43, 93) are drawn with multiple outlines to indicate that they receive multiple
power supply voltages. EX1008, [0043]. For example, the level shifter 93 is
illustrated with half-thick and half-normal lines, indicating that it receives both
VDD and VPERI power supply voltages. EX1008, [0043], FIG. 1.
Correspondingly, FIG. 6 illustrates a level shifter that “is preferably used for the
level shifters...93” and which receives each of VDD and VPERI at different power

supply terminals. EX1008, [0076]-[0077], FIG. 6.
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2. Goto

181. Goto is a filing by the same applicant (“Elpida Memory, Inc.”) as
Dono and, like Dono, relates to DRAM circuits. EX1009, [0022]. Goto’s FIG. 2
DRAM has a structure similar to Dono’s FIG. 1 DRAM shown above, including a
memory cell array 11, a data input/output circuit 16, a DLL circuit 200, and an
address control circuit 20. EX1009, [0022], FIG. 2. Both Dono and Goto illustrate
an amplifier circuit, that receives VPERI, connected between the 1/O circuit and
the memory cell array. EX1008, FIG. 1; EX1009, FIG. 2.

182. Also similar to Dono’s circuit, Goto’s DRAM includes a power

supply circuit 100 that “generates internal voltages VPP, VPERI, [and] VARY.”
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EX1009, [0026]. These voltages have the same relative relationship as in Dono:

“VPP>VDD>VPERI=VARY.” EX1009, [0026].
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3. Youn

183. Youn is directed to “[m]ulti-bank semiconductor memory
devices...having optimized memory block layouts and data line routing to enable
chip size reduction and increase operating memory access speed.” EX1010,
Abstract. In addition to diagrammatic representations of memory devices, Youn
provides illustrations of physical memory chip layouts. EX1010, FIGS. 1A, 6. For
example, FIG. 1A illustrates “a semiconductor memory device having a

conventional hierarchical memory bank architecture” in the form of “a
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semiconductor integrated circuit memory chip.” EX1010, 1:48-52. The memory
device can be a DRAM. EX1010, 2:26-27, 2:40-44; 5:51-59. A POSITA would
have understood and found obvious that this and other “semiconductor integrated
circuit memory chip[s]” disclosed in Young are formed on a single chip, e.g., due
to their use of the term “integrated,” the use of the singular “chip,” and the physical
memory chip layouts showing specific locations of different components in each
chip.

184. FIG. 6 “depicts an exemplary embodiment of the memory device of
FIG. 1,” with a “more uniform layout” and a “shorten[ed] data path.” EX1010,
6:22-27. The reference to the shortened data path ties into well-understood
advantages of integration that I note herein and that would have been understood
by a POSITA as of the critical date: integration of different circuits on the same
chip was generally desirable and advantageous because the on-chip data paths of
such circuits were shorter and more efficient than inter-chip data paths, e.g.,
exhibiting shorter signal transmission delays, lower resistance, etc. As shown in
annotated FIG. 6 below, “a semiconductor integrated circuit memory chip (200)”
includes a “memory cell array...divided into a plurality of memory banks, Bank A,
B, C and D.” EX1010, 5:59-62. The integrated circuit memory chip 200 also
includes column decoders 211 and row decoders 212, along with “peripheral

circuit blocks 214, and peripheral pads including I/O pads (213a, 213b) [and]
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control/address signal pads 215.” EX1010, 63-67. The row/column decoders are
included in the peripheral circuits (note Youn’s disclosure that memory banks are
“operated with associated peripheral circuits including column decoders [] and row
decoders™), and the peripheral circuits can also include “other I/O circuitry for

outputting/inputting data via peripheral data I/O pads.” EX1010, 1:55-59.
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185. FIG. 8 “illustrates an exemplary layout of the I/O circuitry and bus
lines of the semiconductor device” 200 of FIG. 6. EX1010, 6:43-44. The I/O
circuitry includes an “I/O pad” 213a and “DOUT [data output] buffer” 234.
EX1010, 3:20, 7:1-2, FIG. 8. FIG. 8 also illustrates the memory cell array and a

“peripheral region.” EX1010, 6:48-51, FIG. 8.
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186. Further illustration of I/O circuitry is provided in FIGS. 3 and 4.
EX1010, 2:38-46. FIG. 3, for example, shows the DQ pad connected to I/O

circuitry including a data output buffer 34 and a data input buffer 35, matching the

configuration of Dono’s I/O circuit 90. EX1008, FIG. 1; EX1010, FIG. 3.
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4. Analysis of claims
(@) Claim 1

[1.1]: A dynamic random access memory (DRAM), comprising:

187. Dono’s “semiconductor device 10 shown in FIG. 1 “is a DDR
SDRAM,” i.e., a DRAM. EX1008, [0024], FIG. 1.

[1.2]: a DRAM core cell,

188. Dono’s DRAM includes a “memory cell array 70 [that] includes
dynamic memory cells MC arranged in a matrix.” EX1008, [0037], FIG. 1. These
DRAM memory cells are each a DRAM core cell. See [1.2] in §VII.A.2(a) for

discussion of why a POSITA would have understood and found obvious that a

DRAM memory cell is a “core” cell.
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[1.3]: wherein the DRAM core cell is supplied with a first voltage within a
first voltage range to make the DRAM core cell operate at the first voltage, and

189. Dono’s memory cells are supplied with, and operate at, a first voltage
VARY. Dono describes VARY as an “array-system circuit voltage,” in reference
to the “array” of memory cells MC, to denote that this is the voltage at which the
cells of the array operate. EX1008, [0005]. Further, Dono associates selection of
VARY with “physical constants of memory cells, such as a memory cell
capacitance,” making clear that the memory cells themselves receive and operate at
VARY. EX1008, [0005]. The “broken line” around the memory cell array 70 in

FIG. 1 also illustrates that the memory cell array is powered by VARY: “a broken
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line block indicates a circuit that handles the voltage VARY.” EX1008, [0043],

“A broken line block indicates a circuit
that handles the voltage VARY”
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190. FIGS. 2 and 7 illustrate operation of a memory cell at VARY in the
context of “read/writing timings.” EX1008, [0078]. FIG. 2 is a detailed circuit
diagram illustrating a memory cell “MC1” and closely associated circuitry, and
FIG. 7 illustrates voltages of various circuit lines and elements as a function of
time. Based on a “write command WRIT,” a “bit line [] BLT” is driven to VARY
as shown in FIG. 7, and “the data is written into the cell capacitor C1 of the
memory cell MC.” EX1008, [0083]-[0084], FIG. 7. This corresponds to a “WRIT”
timing illustrated in FIG. 7. FIG. 2 illustrates the direct connection of the bit line

BLT to a memory cell MC1; when the bit line BLT is set to VARY as shown in
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FIG. 7, VARY is set across a capacitor C1 of the memory cell MCI1 (transmitted
through an activated transistor T1) to write data to the memory cell MC1. EX1008,
FIG. 2. Thus, the memory cell operates at VARY. For example, a memory cell

MCI1 storing a “1” would have a voltage VARY across its capacitor C1.
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191. For the reasons discussed for [1.3] in §VII.A.2(a), a POSITA would
have understood and found obvious that the first voltage VARY is “within a first
voltage range” that is, for example, any range that encompasses the disclosed value
of VARY=1.0V (this value being discussed in further detail below). EX1008,
[0005], [0049]. A POSITA would have also understood and found obvious that the
first voltage VARY is within a small first voltage range around its nominal value
of 1.0V due to expected non-idealities in voltage generation and provision, e.g.,
due to temperature effects, load effects, and device variation.

192. Note that Dono’s memory cells are also supplied with, and operate at,
VPP, which is supplied to the wordlines (e.g., as the output of word driver 63).

EX1008, [0007], [0035], [0059], FIG. 7.
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[1.4]: the DRAM core cell is a volatile memory cell,

193. See[1.4] at §VII.A.2(a). The memory cells of Dono’s DRAM (“DDR
SDRAM?”) are, by definition, volatile memory cells. EX1008, [0024].

[1.5]: wherein the first voltage is lower than 1.1V; and

194. The first voltage VARY of Dono is “1.0 V,” which is lower than 1.1
V. EX1008, [0005], [0049], [0105].

[1.6]: a peripheral circuit electrically connected to the DRAM core cell,

195. Dono discloses several peripheral circuits electrically connected to the
DRAM core cell. These peripheral circuits include the command decoder 34, the
control logic 35, the clock generator 24, the row address buffer 51, the column
address buffer 52, the I/O amplifier 67, and/or the data control circuit 68. A
POSITA would have understood that these and other peripheral circuits disclosed
by Dono could also be collectively referred to as “a” peripheral circuit. See, e.g.,
EX1020, 15.

196. The textbook VLSI Memory Chip Design explains that “[a] memory
chip is composed of three blocks[]: a memory cell array, a peripheral circuit, and
an input/output (I/O) interface circuit.” EX1020, 15. The peripheral circuit
“bridges between the memory array and the I/O interface circuit so that they can

communicate with each other.” EX1020, 17. In Dono’s DRAM, this “bridg[ing]”
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peripheral circuit between the memory cell array 70 and the data 1/O circuit

90/address input circuit 41 is outlined in green below.
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197. Based on this definition, Dono’s peripheral circuits include at least the
command decoder 34, the control logic 35, the clock generator 24, the row address
buffer 51, the column address buffer 52, the I/O amplifier 67, and the data control
circuit 68: none of these elements are part of the I/O circuit 90 (or the address input
circuit 41, which also has external connections) or the memory cell array, and all
of them are connected between those circuits. That the indicated circuits are
“peripheral” circuits is supported by the fact that each receives the “peripheral
circuit voltage VPERI,” as indicated by their “normal line” outlines. EX1008,

[0005], [0043]. I note, however, that just because a circuit does not receive VPERI
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does not mean it is not a peripheral circuit. For example, the X and Y decoders in
Dono FIG. 1 are not illustrated as operating at VPERI, but a POSITA would still
have understood and found obvious that they are peripheral circuits. EX1008, FIG.
1. Further, just because a circuit receives VPERI does not mean that it is
necessarily a peripheral circuit. For example, Dono’s I/O circuit 90, which is
categorized as an I/O unit, receives and operates at VPERI (along with VDD).

198. Each of the indicated circuits is electrically connected to the DRAM

core cells (cells of the memory cell array 70) through electrical connections

illustrated below.
Memory cell
array
70
. i BANK n ]
Electrical connections to , = Y] !
1 - 10 mws, |8 § EE’MBO
cells of memory cell array S I L
15a \ : 3 E SARkS i
16 21SAPL, | 3B Memory Cell Array | |
— 2 |sAP2 :
VPP -1
Cower VOD 61 ! CVSense Amplifier [+-64
15b Circut M
VsSo 53
42 43 Row Address———
132800 _| [Topet L[ Lovel 514 Row Address | [ 30
'ﬂbBAgg Buffer [ |Shifter 1 Buffer . .
/03 I/0O circuit
b /R Input Level [] Commnnd = Oolumn Address) | |*
1267585 T Butter [|shifter 1 Decoder Logic | [
12¢/0DT - s
Hb K | owec L] tover || Clock i > Vagpus circuits g, 65 [Data Contral}~ 68
11cCKl Buﬁer . Shifter 1] Generator 1 Column Address AwBS— 51
ICI f e
23 24 / 96 - Py

W4

/ Level Shifter 2 ]| | | Level Shifter 1 [1~-93

/ j:}?’“ { Output' Buffer ||| [ lnnul‘Buffer H '?320

/ o5 —T— I 70Gs

Peripheral o ™
circuits

Dono, FIG. 1

199. WeCrevention’s Complaint corroborates that these circuits are a

“peripheral circuit [] electrically connected to the DRAM core cell.” EX1021, 21.
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In discussing the products accused in parallel litigation, WeCrevention provided
the below annotated diagram to define “peripheral circuit.” EX1021, 21.
WeCrevention’s diagram divides the DRAM into three circuits: core, peri
(peripheral), and 10. EX1021, 21. Thus, according to this diagram, DRAM
elements besides the core and I/O unit—such as the above-cited elements of

Dono’s DRAM—are categorized as peripheral circuits.

Power Rails for DVFS Operation

¢ The low frequency operation still requires VDD2H (1.05V) even with DVFSC on
O It basically uses VDD2H as a power source for both low and high speed
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EX1021, 21 (annotations in original)

200. The WeCrevention Complaint also states that “the LPDDRS DRAM
includes buffers and other data path circuits (i.e., peripheral circuits) connected to
the DRAM core cell.” EX1021, 21. Most of the circuits of Dono cited above for
the “peripheral circuit [] electrically connected to the DRAM core cell” either are
buffers (the row address buffer 51 and the column address buffer 52) or are on a

data path with the buffers (the command decoder 34, the control logic 35, the 1/0
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amplifier 67, and the data control circuit 68), meaning that they are peripheral
circuits by WeCrevention’s own definition. See Dono FIG. 1.

201. Thus, based both on the plain and ordinary meaning of “peripheral
circuit [] electrically connected to the DRAM core cell” as a POSITA would have
understood that term, and on WeCrevention’s statements, Dono’s command
decoder 34, control logic 35, clock generator 24, row address buffer 51, column
address buffer 52, I/O amplifier 67, and data control circuit 68 are peripheral
circuits electrically connected to the DRAM core cell.

[1.7]: wherein the peripheral circuit is supplied with a second voltage
within a second voltage range to make the peripheral circuit operate at the second
voltage,

202. A POSITA would have understood and found obvious that Dono’s
command decoder 34, control logic 35, clock generator 24, row address buffer 51,
column address buffer 52, I/O amplifier 67, and data control circuit 68 are each
supplied with, and operate at, a second voltage VPERI. VPERI is the “peripheral
circuit voltage.” EX1008, [0005]. The “normal line” outlines of these circuits in
FIG. 1 indicates that they “handle” VPERI. EX1008, [0043], FIG. 1. From this
description, a POSITA would have understood that these circuits are supplied with
VPERI. VPERI is also referred to as an “internal operation voltage,” indicating

that the circuit elements “handl[ing]” VPERI operate at VPERI. EX1008, [0007].
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203. Goto corroborates, and would have further made obvious to a
POSITA, that the circuits described as “handl[ing]” VPERI are supplied with and
operate at VPERI. Because Goto shares an applicant and overall structure with
Dono, a POSITA would naturally have found Goto relevant for interpreting and
applying Dono. Goto describes that “[t]he internal voltage VPERI is supplied to
most of the peripheral circuits...The internal voltage VPERI is the operating
voltage of such peripheral circuits.” EX1009, [0027]. This mirrors the language of
claim 1 that “the peripheral circuit is supplied with a second voltage within a
second voltage range to make the peripheral circuit operate at the second voltage,”
including both the “suppl[y]” and “operate” aspects. Indeed, Goto explicitly shows
“VPERI” being supplied to the amplifier circuit 15, corresponding to the I/O
amplifier 67 of Dono. By reference to Goto, a POSITA would have understood that
the indicated peripheral circuits of Dono operate at VPERI, and would have found
it obvious to configure the peripheral circuits of Dono to operate at VPERI to
ensure their correct operation.

204. For the reasons discussed for [1.3] in §VII.A.2(a), the recitation that
the second voltage VPERI be “within a second voltage range” is satisfied by any
range that encompasses the disclosed value of VPERI as equal to, or
approximately, 1.0V (discussed in further detail below). EX1008, [0042], [0105].

The second voltage VPERI is also within a small second range around its nominal
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value of approximately 1.0V due to expected non-idealities in voltage generation
and provision.

[1.8]: wherein the second voltage is lower than 1.1V, and

205. As noted above, “VARY i1s 1.0 V,” and Dono also describes that
“VPERI=VARY.” EX1008, [0042], [0105]. Dono also provides a specific value of
VPERI as “VPERI=1.0 V.” EX1008, [0105]. Accordingly, Dono discloses that the
second voltage VPERI is lower than 1.1 V.

[1.9]: wherein the DRAM core cell and the peripheral circuit are formed on
a single chip,

206. A POSITA would have understood and found obvious, for several
reasons, that Dono’s DRAM core cells and peripheral circuits are formed on a
single chip.

207. First, Dono’s DRAM receives a “chip select signal /CS” at a
“command terminal” 12a. EX1008, [0024], [0028]. As a POSITA would have
known, the chip select signal is used to enable or disable a particular memory chip
among multiple chips. For example, Micron Technology’s “DDR3 SDRAM”
datasheet describes that the chip select signal “enables [] and disables [] the
command decoder. All commands are masked [i.e., ignored] when [the chip select

signal] is registered HIGH.” EX1022, 17. Correspondingly, in Dono’s DRAM, the
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memory cell array 70 would be accessed by selecting the common single chip on
which both the memory cell array 70 and the peripheral circuits are formed.

208. Second, Dono describes various “external terminals” of the
“semiconductor device 10” of FIG. 1, such as terminals 11-14, in contrast to
“internal’” signals and circuits. EX1008, [0024], [0026]. In the annotated FIG. 1
below, elements described as “external” are highlighted in red, and elements
described as “internal” are highlighted in blue. VDD is “an external voltage.”
EX1008, [0004]. Terminals 11a, 11b, 12a to 12¢, 13a, 13b, 14, 15a, and 15b are
“external terminals.” EX1008, [0024]. VPERI is an “internal operation voltage.”
EX1008, [0026]. ICLK and LCLK are “internal clock” signals. EX1008, [0027].
ICMD is “internal commands,” which are supplied to the control logic 35.
EX1008, [0030]. VPP is an “internal power source potential.” EX1008, [0042].
The address input circuit 41 is an “internal address circuit,” and its output is an
“internal address signal.” EX1008, claim 8.

209. A POSITA would have understood and found obvious that the
“external terminals” are used for communicating with a separate chip (such as the
“data processor 220” shown in FIG. 11), and that “internal” refers to signals and
components on a common single chip. EX1008, [0103]. Dono is explicit about
communication with external chips, illustrating the “external terminals” used for

that communication. EX1008, [0024]. In contrast to communication with external
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devices, Dono does not describe any external terminals, pins, bumps, pads, or the
like for communicating between the peripheral circuits and the memory cell array
70. EX1008. As a POSITA would have understood, this is because the peripheral

circuits and the memory cell array 70 are formed on a common single chip.
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210. Third, the recited “formed on a single chip” configuration for memory
cells and peripheral circuitry was entirely conventional and standard. DRAM
circuitry—including memory cell arrays, peripheral circuitry, and I/O circuitry—
was conventionally integrated in a single chip, and a POSITA would have
understood that Dono’s device, lacking disclosure otherwise and conforming to
conventional DRAM design, had this conventional configuration. For example, the
LPDDR3 standard illustrates pad arrangements for a single DRAM chip,

corresponding to a configuration (so well-understood that it did not have to be
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explicitly articulated) in which DRAM circuitry would be formed as an integrated
circuit in a single chip. EX1013, 6-12. A POSITA would have known that, if Dono
intended to depart from the standard configuration, Dono would have discussed
some architecture and/or interface circuitry used to communicate between the
separate chips hosting the memory cells and the peripheral circuit. Dono does not
include any such discussion, and a POSITA would have understood this to mean
that, like standard DRAMs, Dono’s DRAM was formed on a single chip.

211. The single-chip configuration was the result of applying well-known
circuit design principles to DRAM. A POSITA would have known that the most
economical and highest-performance implementation would be to integrate all
DRAM elements on a single chip, for example, to reduce fabrication and
packaging costs, and to reduce signal delays. This understanding of a POSITA is
corroborated by the trend of implementing embedded DRAM, in which the
DRAM, in addition to being formed on a single chip, is formed on the single chip
with ether components, such as a processor. To the extent the “formed on a single
chip” element may not have been directly understood based on Dono, it would
have been obvious to a POSITA to form Dono’s DRAM (including the memory
cell array and peripheral circuits) on a single chip. This configuration would have

been obvious as the most common DRAM configuration and in order to realize the
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well-known advantages of integration, discussed below in reference to Ground
2A.1.

212. Further corroboration of the conventionality of forming DRAM
circuitry on a single chip is provided, for example, in EX1036 (illustrating a
memory cell array and peripheral circuitry, including an I/O circuit, formed in a
single semiconductor substrate), EX1037 (illustrating a physical layout of a
DRAM chip including a memory cell array, peripheral circuitry, and 1/O circuitry),
EX1038 (describing a semiconductor substrate as having a “memory array region”
and a “peripheral region” with integrated circuitry formed therein), EX1039
(describing an “integrated circuit memory device” that “includes an array of
memory cells 104 and a region peripheral to memory array 104,” with all
components being “formed” on the same “substrate 200”), EX1040 (describing a
memory device including a “substrate [that] includes a cell array region...and a
peripheral region on which a peripheral circuit is disposed”), EX1041 (describing
that “[1]n typical processing, a semiconductor wafer will have one region
corresponding to a memory array, and another region peripheral to the memory
array in which logic or other circuitry is to be formed”), EX1044 (describing that
“a DRAM chip is the set of all cells on the same silicon die, along with the I/O
circuitry which allows the cells to be accessed from outside the chip”), and

EX1045 (illustrating I/O routing, sense amplifiers, and cell arrays on the same die).
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EX1036, 5:53-6:25, 7:34-39, FIGS. 1, 4; EX1037, 2:44-51, 6:34-8:36, FIGS. 3-4;
EX1038, 2:25-31, FIG. 1; EX1039, 2:50-59, 5:63-7:3, FIGS. 1, 2A; EX1040, 1:36-
37,2:16-21, FIG. 20; EX1041, 4:41-44; EX1044, 2; EX1045, FIG. 6.

(1)  Ground 2A.1: In view of Youn, it would have been obvious
to form Dono’s semiconductor device on a single chip

213. To the extent Dono and Goto alone are not considered to render
obvious [1.9] (that “the DRAM core cell and the peripheral circuit are formed on a
single chip”), a POSITA would in view of Youn have further found it obvious to
form Dono’s semiconductor device 10—including the memory cell array,
peripheral circuits, and I/O unit—on a single chip.

214. Youn describes “market demands for semiconductor memory devices
providing...higher integration density,” where “higher integration density”
corresponds to dense integration of circuitry on a single chip. EX1010, 1:25-28. To
satisfy these “market demands” while achieving high performance, Youn describes
a layout of a “semiconductor integrated circuit memory chip (200)” that provides
“a more uniform layout for data path lengths” and a “shorten[ed] data path, which
reduces the differences in access times for read operations, for a memory device
such as a [SDRAM] where timing of data signals is critical.” EX1010, 5:51-59,
FIG. 6. The semiconductor integrated circuit memory chip 200 advantageously has
a layout that is “capable of keeping the sensing efficiency of a data line sense

amplifier uniform.” EX1010, 6:27-29. In addition to these specific advantages
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discussed by Youn, a POSITA would have been aware of the other well-known
advantages of integration in general, as discussed in this section.

215. To obtain these advantages, a POSITA would have found it obvious to
form Dono’s semiconductor device 10 on a single chip, e.g., conforming to the
layouts illustrated by Youn, which have the memory cell array, peripheral circuits,
and I/O circuit formed on a single chip. See §VII.E.3 and Youn FIGS. 3, 5A, 6, and
8. This implementation would have been obvious as the application of a known
technique (DRAM circuit integration) to a piece of prior art (Dono’s DRAM
device) ready for the improvements provided by integration generally and by
Youn’s advantageous layout specifically.

216. A POSITA would have had a reasonable expectation of success in
forming Dono’s semiconductor device 10 on a single chip. Dono’s and Youn’s
devices are both DRAMSs that include the same or similar components, including
memory cell arrays, decoders, peripheral circuitry, and I/O circuitry including
input and output buffers and terminals/pads. EX1008, [0005], [0024], [0040], FIG.
1; EX1010, 3:20, 5:57-67, 7:1-2, FIGS. 6, 8. Given this similarity in DRAM
architecture (which, I note, is an entirely conventional architecture), a POSITA
would have expected Youn’s configurations and layouts to be directly applicable to
Dono’s device. Further, Youn discloses not merely the goal of integration in a

single chip but also specific physical chip layouts for achieving effective
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integration, such that a POSITA would have had a clear roadmap for obtaining
single-chip integration. EX1010, FIGS. 3, 6, 8. That is, in addition to motivating
forming the DRAM components on a single chip, Youn also teaches a POSITA
how the DRAM components can be formed on a single chip. Thus, a POSITA
would have had a reasonable expectation that forming Dono’s semiconductor
device 10 on a single chip would be successful.

217. Forming Dono’s semiconductor device 10 on a single chip would also
have been obvious for obtaining the well-known advantages of device integration
common to all semiconductor integrated circuit devices, such as manufacturing
efficiency, size reduction, and interconnect simplification. This would lead to
significant reduction in the cost of both manufacturing and packaging the
integrated circuit, while obtaining higher performance due to a significant
reduction in energy by eliminating the need to drive key components off-chip.
Youn’s explicit DRAM chip layouts would have provided a POSITA with an
obvious way to achieve these and other well-known advantages of integration.

218. With Dono’s semiconductor device 10 implemented so as to be
formed on a single chip, Dono’s DRAM core cell (cells of the memory cell array
70) and Dono’s peripheral circuit (for example, the command decoder 34, the

control logic 35, the clock generator 24, the row address buffer 51, the column
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address buffer 52, the I/O amplifier 67, and/or the data control circuit 68) would be
formed on the single chip.

[1.10]: and the peripheral circuit is external to the DRAM core cell;

219. The peripheral circuits of Dono’s DRAM are external to the core cells

of the memory cell array 70, e.g., as shown in FIG. 1. EX1008, FIG. 1.
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[1.11]: wherein the first voltage and the second voltage are capable of
making the DRAM be applied to an embedded display port (eDP).

220. For the reasons discussed in §VII.A.2(a) for Ground 1A, a POSITA
would have understood that Dono’s first voltage VARY and second voltage
VPERI are capable of making Dono’s DRAM be applied to an eDP. This is

because Dono’s memory is a working, conventional DRAM that, when operating
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with Dono’s disclosed voltages VARY and VPERI, is capable of satisfying the
requirements of the eDP 1.3 standard, which do not include any voltage or power
requirements. EX1014. As I discussed in §VII.A.2(a), the eDP 1.3 standard
provided by JEDEC (EX1014) can simply be read to learn that the standard’s
requirements for the frame buffer are quite limited. The standard requires, in
essence, that the frame buffer store and provide data representing a static image.
EX1014. Dono’s DRAM, which stores data, supports read and write operations,
and provides “high-speed data transfer,” is more than capable of fulfilling these
requirements. EX1008, [0009], [0040].

221. Further, to the extent the 017 Patent erroneously links “capable of
being applied to an embedded display port (eDP)” to low-voltage operation, then
Dono’s DRAM, which has first (VARY) and second (VPERI) voltages that satisfy
the “< 1.1 V” condition of the 017 Patent, would be equally as capable of being
applied to an eDP as the 017 Patent’s devices. EX1001, 4:62-5:10, Table III.

(b) Claim 2

[2.1]: The dynamic random access memory of claim 1, further comprising:
an input/output unit electrically connected to the peripheral circuit and the DRAM
core cell

222. Dono’s DRAM includes an “I/O circuit 90” that is electrically

connected to the cells of the memory cell array 70. EX1008, [0041], FIG. 1. For
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example, as shown below, the 1/O circuit 90 is electrically connected to the
memory cell array 70 through sense amplifier 64, IO amplifier 67, and data control
circuit 68. EX1008, [0039], FIG. 1. The I/O circuit 90 performs the claimed input
and/or output function of the “input/output unit” with respect to Dono’s DRAM (as
disclosed, for example, through its connection to a “read/write bus RWBS”), and
Dono discloses at least as much structure for the I/O circuit 90 as is disclosed for
the input/output unit 106 of the 017 Patent (additionally disclosing, for example,
the inclusion of level shifters and buffers, and illustrating a further connection to a

data system terminal 14. EX1008, [0024], [0040]-[0041], FIGS. 1, 7.
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223. The I/O circuit 90 is also electrically connected to the peripheral
circuit, e.g., to at least the I/O amplifier 67 and the data control circuit 68, as

shown below. As a POSITA would have understood, the illustrated electrical
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connection is a path for transfer of signals (representing data) from the I/O circuit
90 to the memory cell array, and from the memory cell array to the I/O circuit 90,

through the I/O amplifier 67 and the data control circuit 68.

/.
i
158 16 i
voDb i . ; :
[{ VPP -4 Electrical connections to
Somey VoD 64 ; o
15b Circut Vs peripheral circuit
VSS
42 43
) 2
e T ] > 4
Buff Shifter 1{] 31 1 34
a2 P
12a/05 .\ [33 ! E I/O circuit
12b/RAS Input Level Command Control Column Address : e o
J3e/088 Buffer | |Shifter 1 | Decodel Logic '1 Buffer l‘ a X Degodar IO/ Ameyfs 67
12e/0DT - === 54
Hg%l:(K - Tnput Level Various circuits 52 — 65 DR CeEal- 68
11¢CKE Buffer Shifter 1 Column Address AWBS—
(e —— 91
22 73 24 80 - f
',,?"1 Level Shifter 2 Level Shifter 1 I'- 93
, e ¥ T L92
J Output Buffer I l Input Buffer Bgs
95 l[ g /DQS
- DM
Peripheral 90 oomm—
circuits

Dono, FIG. 1

[2.2]: for operating in a third voltage,

224. Dono’s I/O circuit 90 operates in (or at/with) a third voltage VPERI.
For example, the I/O circuit 90 includes a “first level shifter 93.” EX1008, [0040].
FIG. 6 illustrates a level shifter 120 that “is preferably used for the level
shifter...93 shown in FIG. 1.” EX1008, [0076]. “VPERI is supplied to a power
source terminal of the fourth buffer” of the level shifter 93/120. EX1008, [0077].

As indicated by the half-“normal line” outline of the level shifter 93 in FIG. 1, the
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level shifter 93/120 “handle[s]” the third voltage VPERI at its “output side,” in

agreement with FIG. 6. EX1008, [0043].
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225. A POSITA would have understood and found obvious that the fourth
buffer operates at VPERI because VPERI is its power supply voltage. A POSITA
would have understood that a circuit such as a buffer “operates at” its supply
voltage. For example, a POSITA would have understood and found obvious that
standard CMOS buffers employing a common push-pull inverter would output
between VPERI and 0V at the output of the fourth buffer, even if the third buffer is
operated at VDD. The fourth buffer would have the function of dropping the VDD
to the VPERI level for its operation. For example, the datasheet for the Fairchild
Semiconductor 74VCXH162244 buffer describes “operation” at its “1.4V to 3.6V

Ve supply [voltage].” EX1029, 1, 3. Similarly, the datasheet for the Texas
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Instruments SN74AUP1GO07 buffer/driver describes its “Operating Vcc Range,”
where V¢ s its supply voltage. EX1030, 1, 3.

226. Corroborating this, Dono describes VPERI as “the internal operation
voltage,” indicating that circuits supplied with VPERI (such as the fourth buffer
and the I/O circuit 90) “operate” at VPERI. EX1008, [0026].

227. Thus, the fourth buffer of the first level shifter 93 of the I/O circuit 90
operates at the third voltage VPERI, meaning that the I/O circuit 90 operates in (or
at) the third voltage VPERI.

[2.3]: wherein the third voltage is lower than 1.1V.

228. As discussed for [2.2], the third voltage is VPERI. VPERI is equal to
1.0V or approximately 1.0V, and therefore is lower than 1.1V. EX1008, [0005],

[0026], [0049], [0105].

F. [Grounds 2B and 2B.1] Dono, Goto, and Endo render obvious
claims 1-2; and Dono, Goto, Endo, and Youn render obvious claims 1-2

1. Obviousness of claims 1-2

229. Endo is applied here as discussed for Ground 1B in §VII.B.2. As
discussed in §VIL.E.4, Dono and Goto (and alternatively/additionally Dono and
Goto and Youn) render obvious claims 1-2. In view of Endo’s explicit disclosure
of using a DRAM as the frame buffer in an eDP 1.3 device, a POSITA would have

further found it obvious that Dono’s DRAM is capable of being applied to an eDP,
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would have been further motivated to apply that DRAM to an eDP to obtain the
benefits discussed above (e.g., the power reduction benefits provided by the RFB
of the eDP 1.3 standard, and the benefits of conforming to the eDP 1.3 standard),
and would have reasonably expected success in doing so. EX1007, [0034]-[0035].

VIII. LEGAL PRINCIPLES
A. Anticipation

230. I have been informed that a patent claim is invalid as anticipated
under 35 U.S.C. § 102 if each and every element of a claim, as properly construed,
is found either explicitly or inherently in a single prior art reference. Under the
principles of inherency, if the prior art necessarily functions in accordance with, or
includes the claimed limitations, it anticipates.

231. Ihave been informed that a claim is invalid under 35 U.S.C. § 102(a)
if the claimed invention was known or used by others in the U.S., or was patented
or published anywhere, before the applicant’s invention. I further have been
informed that a claim is invalid under 35 U.S.C. § 102(b) if the invention was
patented or published anywhere, or was in public use, on sale, or offered for sale in
this country, more than one year prior to the filing date of the patent application
(critical date).

B. Obviousness

232. Ihave been informed that a patent claim is invalid as “obvious” under

35 U.S.C. § 103 in light of one or more prior art references if it would have been
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obvious to a POSITA, taking into account (1) the scope and content of the prior art,
(2) the differences between the prior art and the claims, (3) the level of ordinary
skill in the art, and (4) any so called “secondary considerations” of non-
obviousness, which include: (i) “long felt need” for the claimed invention, (i)
commercial success attributable to the claimed invention, (ii1) unexpected results
of the claimed invention, and (iv) “copying” of the claimed invention by others.
For purposes of my analysis above and because I know of no indication from the
patent owner or others to the contrary, I have applied a date of July 17, 2012, as the
date of invention in my obviousness analyses, although in many cases the same
analysis would hold true even at an earlier time than July 17, 2012.

233. 1have been informed that a claim can be obvious in light of a single
prior art reference or multiple prior art references. To be obvious in light of a
single prior art reference or multiple prior art references, there must be a reason to
modify the single prior art reference, or combine two or more references, in order
to achieve the claimed invention. This reason may come from a teaching,
suggestion, or motivation to combine, or may come from the reference or
references themselves, the knowledge or “common sense” of one skilled in the art,
or from the nature of the problem to be solved, and may be explicit or implicit
from the prior art as a whole. I have been informed that the combination of familiar

elements according to known methods is likely to be obvious when it does no more
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than yield predictable results. I also understand it is improper to rely on hindsight
in making the obviousness determination.

234. T have also been informed of the Supreme Court decision KSR Int'l
Co. v. Teleflex Inc., 550 U.S. 398 (2007), which I am informed guides obviousness
analyses. Under KSR, the mere application of a known technique to a piece of prior
art ready for the improvement is obvious. In addition, the selection of one of a
finite number of identified, predictable solutions to achieve a predictable result is
obvious. Further, the simple substitution of one known element for another to

obtain a predictable result is obvious.
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DAVID KUAN-YU LIU, Ph.D.

2055 15T St. N, #2007, VA 22201 e (510) 579-5029
davidkyliu@comcast.net

PROFESSIONAL PROFILE

Technical expert with over 20 years of industrial experience in the development of
advanced CMOS devices and process technology, with special emphasis on non-
volatile semiconductor memory devices and process technology, and high-voltage
semiconductor devices, with additional 18 years of experience serving as expert
consultant.

o Named inventor on 99 US patents.
Consultant and expert witness for past 18 years in semiconductor intellectual
property evaluation and patent litigation, with deposition experience and successful
ITC trial testifying experience.
Successful track record in transitioning products from development phase to high-
volume manufacturing phase, both as an individual contributor and as
manager/director.
Co-founder of an LLC in the development and licensing of intellectual property with
emphasis on embedded flash memory technology.
Co-founder of a semiconductor memory start-up company (Progressant Technologies,
Inc.); participated in its successful sale to Synopsys, Inc.
Fluent in Mandarin Chinese (native language) and English; over 10 years experience
as real-time translator of church sermons and proficient in written translation.

EDUCATION

Stanford University, Palo Alto, California
Ph.D,, Electrical Engineering (1989)
Thesis: Physics and Technology of Novel Conductivity-Modulated Power
MOSFET’s
M.S., Electrical Engineering (1985)
Coursework in integrated-circuit technology, semiconductor device physics,
computer modeling of semiconductor devices and fabrication processes, and
solid-state physics
University of California, Berkeley, California
B.S., Electrical Engineering (1983)
Certificate of Distinction (awarded annually to the top EECS graduate)
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EXPERT WITNESS WORK - CASE EXPERIENCE:

Case:
Jurisdiction:
Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:
Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:
Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:
Work Product:

Nature of Case:

Counsel:
Date:

Advanced Memory Technologies, Inc. v. Micron Technology, Inc.
Civil Action No. 1:25-cv-01036 (W.D. Tex.)

Expert consulting work relating to Booster Circuit. Patent analysis
and prior art review toward preparation of EPR petition support and
draft of declaration.

EPR.

Retained by Fish & Richardson (Contact: Tim Riffe)

11/25 - Present

Apple v. WeCrevention, Inc.

Post-Grant Patent Matters Adverse to WeCrevention, Inc.

Expert consulting work relating to High Speed Chip Memory Module.
Patent analysis and prior art review toward preparation of I[PR
petition support and draft of declaration.

IPR.

Retained by Fish & Richardson (Contact: Dr. Hyun Jin In)

11/25 - Present

Monterey Research LLC v. Renesas Electronics Corp.

Civil Action No. 2:24-cv-00238-]JRG (E.D. Tex.)

Expert consulting work relating to Charge Trapping Nonvolatile
Memory. Patent analysis and prior art review toward preparation of
[PR petition support and draft of declaration.

Civil action and IPR.

Retained by Morrison Foerster (Contact: Yuka Teraguchi)

03/25 - Present

Palisade Techs., LLP v. Micron Tech., Inc.

Civil Action N.D. Cal, No. 7:24-cv-00262 (W.D. Tex.)

Expert consulting work relating to 3D NAND Flash Memory
Technology. Patent analysis and prior art review toward
preparation of [PR petition material and draft of declaration on 2
patents.

Civil action and IPR.

Retained by O’'Melveny & Myers LLP (Contact: John Kappos)
12/24-01/26

140



Case:

Technology, Inc.

Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:
Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Yangtze Memory Technologies Company, Ltd. vs. Micron

Civil Action N.D. Cal, No. 3:223-cv-05792-RFL

Easter District of Texas

Expert consulting work relating to 3D NAND Flash Memory
Technology. Patent analysis and prior art review toward
preparation of [PR petition material and draft of declaration on 4
patents. Deposed on 3 petitions that have been instituted.
Civil action and IPR.

Retained by Orrick, Herrington & Sutcliffe (Contact: Jason Lang)
03/24 - Present

Force MOS Technology Co., Ltd. vs. Inergy Technology, Inc.

Civil Action E.D. TX, No. 2:22-cv-00460-JRG

Easter District of Texas

Expert consulting work relating to Vertical Trench DMOS process
technology. Patent analysis and prior art review toward preparation
of IPR petition material and draft of declaration on 2 patents.
Declaration for claim construction on 3 patents. Deposed on Claim
Construction Declaration, and deposed on declarations for IPR
petitions, and deposed on reply declaration. Continuing work on
claim construction and technical consulting.

Civil action and IPR.

Retained by Baker McKenzie (Contact: McKenzie Martin)
10/23-10/25

GlobalFoundries U.S. vs. International Business Machines
03348-KMK-AEK (S.D.N.Y. 2023)

Expert consulting work relating to trade secrets involving advanced
CMOS process and device technology (Nanosheet technology).
Reviewed evidence and summarized findings.

Civil action.

Retained by Latham & Watkins (Contact: Sami Al-Marzoog)
10/23-2/25

Element Capital. vs. Beijing BOE Display Technology Co., Ltd.

Civil Action No. 2:22-cv-00118-JRG

Eastern District of Texas

Expert consulting work relating to OLED technology. Patent analysis
and prior art review toward preparation of IPR petition material and
draft of declaration on 3 patents.

Civil action.

Retained by Fish & Richardson (Contact: Linhong Zhang)
4/23-12/23
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Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Counsel:

Date:

Sonrai Memory Ltd. vs. Micron Technology, Inc.,

Civil Action No. 6:22-cv-000855-FB

Western District of Texas

Patent analysis and prior art review toward preparation of [PR
petition material and draft of declaration resulting in institution of
the petition and deposed on supplemental declaration.

Civil action.

Retained by Fish & Richardson (Contact: Tim Riffe)

12/22-7/24

Daedalus Prime LLC vs. Samsung Electronics Co.,

Civil Action E.D. TX, Marshall Div., No. 2:22-cv-353

Eastern District of Texas, Marshall Div., and

Investigation No. 337-TA-1336

Expert consulting work relating to FINFET process technology.
Patent analysis and prior art review toward preparation of [PR
petition material and draft of declaration on 2 patents. Source code
database viewing (GDS layout and process flow documents) for
supporting of non-infringement position.

Civil action and ITC Investigation on Certain Semiconductor Devices,
Mobile Devices Containing the Same and Components Thereof..
Retained by Fish & Richardson (Contact: Kevin Su)

10/22 -4/23

Netlist, Inc. vs. Samsung Electronics Co. Ltd. et al,,
Civil Action No. 2:21-cv-00463

Eastern District of Texas

Expert consulting work relating to memory modules.
Civil action.

Retained by Fish & Richardson (Contact: Tony Nguyen)
8/22-12/22

Vervain, LLC vs. Micron Technology & related IPR Petition
Action No. 6:21-cv-00487-ADA

Western District of Texas

Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration on 4 patents, all 4 petitions
instituted, and deposed on both initial declaration and reply
declaration on all 4 patents.

Retained by Orrick, Herrington & Sutcliffe LLP (Contact: Jared
Bobrow)

8/21-2/23
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Case:
Work Product:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Work Product:

Counsel:
Date:

Case:
Work Product:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Monterey Research vs. Qualcomm PTAB Matter

Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration.

Retained by Jones Day (Contact: David Cochran)

12/21-2/22

Semiconductor Energy Laboratory Co., OLED Patent Matters
Action No. 8:21-cv-00554-JAK-ADS

Central District of California

Expert for infringement on 3 patents relating to OLED driver circuit
and layout, responsibilities include source code viewing, GDS layers
viewing, and claim charts review.

Civil action.

Retained by Fish & Richardson (Contact: Bryan Basso)

9/21-4/22

Apple Inc. IPR Petition for U.S. Patents 6,622,108 & 6,807,505
Patent analysis and prior art review toward preparation of [PR
petition material and draft of declaration.

Retained by Erise IP (Contact: Paul Hart)

8/21-9/21

Texas Instruments IPR Petition

Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration.

Retained by Fish & Richardson (Contact: Josh Griswold)
9/20-4/21

Micron Technology vs. UMC/]JinHua

Case No. 4:17-CV-06932-MMC

United States District Court for the Northern District of California
Testifying expert, trade secret documents review, and declaration
submission.

Trade secret contention of Micron confidential documents.
Retained by Jones Day (Contact: Randy Kay)

3/17-12/23

SK Hynix vs. BitMicro

Investigation No. 337-TA-1097

United States International Trade Commission

Testifying expert for non-infringement on 2 patents, issued expert
rebuttal report, deposition taken, issued witness statement.

ITC infringement case concerning module stacking of SDRAM.
Retained by Fish Richardson (Contact: Joseph Colaianni)
11/18-4/19
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Case:
Work Product:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Work Product:

Counsel:

Date:

Case:
Work Product:

Counsel:
Date:

Rohm Company IPR Petition

Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration.

Retained by Fish & Richardson (Contact: Matt Colvin)
4/18-8/18

Apple Inc., vs. Qualcomm Incorporated

Case No. 3:17-CV-02402

United States District Court for the Southern District of California
Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration, 2 depositions taken.
Fish & Richardson (Contact: Tony Nguyen)

1/18-5/19

Macronix vs. Toshiba

Investigation No. 337-TA-1046

United States International Trade Commission

Testifying expert for infringement and non-invalidity on 2 patents,
claim construction analysis, technical tutorial, database viewing for
evidence gathering, issuing expert report and expert rebuttal report,
deposition taken for 2 patents, issued witness statement and
rebuttal witness statement, testified in ITC court on both
infringement and invalidity.

ITC infringement case concerning advanced NAND Flash memory.
Retained by Fish Richardson (Contact: David Barken)
4/17-10/18

Novatek Microelecronics Corp. IPR Petition

Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration.

Retained by Kroub, Silbersher & Kolmykov PLLC (Contact: Sergey
Kolmykov)

2/17 -4/17

Taiwan Semiconductor Manufacturing Company IPR Petition
Patent analysis and prior art review toward preparation of I[PR
petition material and draft of declaration.

Retained by Fish & Richardson (Contact: John Goetz)
7/15-4/17
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Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Triune Systems, LLC vs. Wayne Chen, et al.,

Case No. 296-03209-2013,

District Court of Collin County, TX

Testifying expert, database viewing, expert report, video-taped
testimony

Defending against trade secret contention.

Retained by Gordon & Rees LLP (Contact: Robert Bragalone)
5/15-9/15

Macronix vs. Spansion

Investigation No. 337-TA-922

United States International Trade Commission

Testifying expert, claim construction analysis, technical tutorial,
database viewing for evidence gathering, expert report, expert
rebuttal report.

ITC infringement case concerning Flash memory cell

Retained by Fish Richardson (Contact: David Barken)
9/14-1/15

Macronix vs. Spansion

Investigation No. 337-TA-909

United States International Trade Commission

Database viewing for evidence gathering, support technical content
of expert report, support technical content against rebuttal report.
ITC infringement case concerning Flash memory cell

Retained by Winston & Strawn (Contact Michael Murray)
5/14-1/15

Keranos, LLCv. Analog Devices et. al.

Civil Case No. 2:10-CV-00207

United States District Court for the Eastern District of Texas
Claim Chart Generation and Claim Construction

Patent infringement case concerning split gate Flash memory cell
Retained by Agility IP (Contact Michelle Breit)

2/09-2/14

Silicon Storage Technology, Inc. v. Xicor, LLC

Civil Case No. CV 10-01515

United States District Court for the Northern District of California
Expert report and declarations

Matter concerning United States Reissue Patent RE38,370 on the
process of flash memory cell.

Retained by Shore Chan Bragalone LLP (Contact Patrick Conroy)

6/11-10/11
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Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Case:
Jurisdiction:

Work Product:

Nature of Case:

Counsel:
Date:

Fast Memory Erase, LLC v. Spansion et.al.

Civil Case No. 3:10CV-481

United States District Court for the Northern District of Texas
Declarations

Defending Motion for Attorney Fees.

Retained by Shore Chan Bragalone LLP (Contact Patrick Conroy)
2/10-6/10

Fast Memory Erase, LLC v. Spansion et.al.

Civil Case No. 3-08cv0977M

United States District Court for the Northern District of Texas
Testifying expert: issuing expert report, declarations, and
deposition taken.

Patent infringement case concerning minimizing source current
during erase of Flash memory cell.

Retained by Shore Chan Bragalone LLP (Contact Patrick Conroy)
2/09-5/10
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PROFESSIONAL EXPERIENCE:
10/07 to present: Technical Consultant/Expert Witness

10/07 to 4/11:

8/04 to 10/07:

5/00 to 8/04:

2/00 to 5/00

Serving as a technical consultant and advisor in the area of
semiconductor device and process technologies. Expert witness in
ITC cases and district court cases, with successful testifying
experience in trial hearing. Depositions taken at least 12 times for
both litigation cases and IPR petitions. Experienced in source code
viewings of circuit schematics and GDS layouts; seasoned in reverse
engineering of integrated circuits, as well as techniques for de-
processing and analyzing semiconductor chips. Responsibilities
including gathering and reviewing of evidence, issuing declaration on
claim construction, giving technical tutorial, issuing expert report and
expert rebuttal report. Technical consultant for evaluating numerous
flash memory and CMOS image sensor patent portfolios for licensing
and acquisition consideration. Assessed qualitative merits of each
patent portfolio and identified potential infringers and potential
licensees. Generated numerous claim charts against potential
infringers based on published patents, technical papers and
datasheets, and reverse engineering reports.

Jonker, LLC

Inventor and Partner. Developed an intellectual property (IP)
portfolio (7 U.S. patents granted and 3 U.S. patent applications
pending) on zero-cost CMOS-logic-compatible embedded flash
memory. Successfully negotiated the acquisition of this [P portfolio by
a major semiconductor company.

Maxim Integrated Products, San Jose, California

Senior Scientist. Responsible for developing embedded non-volatile
memory process technology for battery management products. Duties
included supervising the development of integrated process flows at
the 0.35pum and 0.18pum CMOS technology nodes. Analyzed and solved
process-related reliability issues.

Xilinx, Incorporated, San Jose, California

Senior Manager. Responsible for developing non-volatile memory
process technology for flash and CPLD products, as well as advanced
CMOS process technology (75nm node). Duties included supervising
the development of integrated non-volatile memory process flows at
multiple CMOS technology nodes to meet product application
requirements. Analyzed and solved process-related reliability issues.

Progressant Technologies, Fremont, California

Co-Founder. Facilitated IP development and sale of the company to
Synopsys, Inc.
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9/98 to 2/00

9/97 to 9/98

5/96 to 9/97

7/95 to 5/96

5/92 to 7/95

Programmable Silicon Solutions, Sunnyvale, California

Director of Process Engineering. Responsible for developing a fully
logic compatible embedded flash memory technology for WSMC (a
semiconductor foundry). Developed a new integrated process flow to
implement a proprietary flash cell in a high-performance logic
process, supervised testchip and product tapeout, process
optimization, device optimization, and product yield enhancement.
Applied interpersonal skills to align the goals of the foundry
technology development group to that of PSS. Participated in the
strategic planning of a technology roadmap and foundry strategy for
the company.

AMIC Technology, Santa Clara, California

Director of Flash Technology. Responsible for developing 0.35pm
ETOX-based flash memory technology. Prepared the business plan
and technology roadmap. Developed a new integrated process flow,
supervised testchip and product tapeout, process optimization, device
optimization, and product yield enhancement.

Altera Corp., San Jose, California

Device Engineering Manager. Responsible for technology
development, process integration, and foundry interface for 0.35um
generation of logic and EEPROM programmable logic device
technology. Duties included project schedule planning, supervision of
testchip and product tapeout, process optimization, and product yield
enhancement.

Information Storage Devices, San Jose, California

Technology Development Manager/Program Manager. Led a project
team of 10 in technology development, process integration, and first
product introduction, with a new foundry. Duties included project
schedule planning, supervision of testchip and product tapeout,
process optimization, resolution of sorting issues and yield
enhancement.

Advanced Micro Devices, Sunnyvale, California

Member of Technical Staff @~ Led the development of low-
energy/DINOR-type flash EPROM technology. Key individual
contributor in optimizing the process and design of flash cell and
periphery devices in AMD’s 0.5um and 0.35um flash EPROM
technologies. Duties included process integration, device modeling,
and development of triple-well technology and high-voltage
transistors for negative gate erase operation.
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1/89to 4/92 Texas Instruments, Dallas, Texas
Member of Technical Staff. Research and development of 16Mb
generation of flash EPROM technology, as well as a new generation of
antifuse-based FPGAs. Duties included process integration, device
modeling, high-voltage CMOS process integration, and investigation of
a novel source-side injection mechanism for EPROM channel hot-
electron programming.

AWARDS/HONORS

U.C. Berkeley Certificate of Distinction Award, 1983
AEA Faculty Development Fellowship, 1983-1985
AMD Spotlight Award, 1995
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PATENTS

1.

10.

11.

12.

13.

14.

15.

U.S. Patent 5,106,773, “Programmable Gate Array and Methods for Its Fabrication”
(with K-L. Chen and H. Tigelaar), issued April 21, 1992.

U.S. Patent 5,166,557, “Gate Array with Built-in Programmable Circuitry” (with K.-L.
Chen), issued November 24, 1992.

U.S. Patent 5,202,576, “Asymmetrical Non-Volatile Memory Cell, Arrays, and Methods
for Fabricating the Same” (with M. Wong), issued April 13, 1993.

U.S. Patent 5,219,782, “Sublithographic Antifuse and method for Manufacturing” (with
K.-L. Chen), issued June 15, 1993.

U.S. Patent 5,250,464, “Method of Making a Low Capacitance, Low Resistance Sidewall
Antifuse Structure” (with M. Wong), issued October 5, 1993.

U.S. Patent 5,264,384, “Method of Making a Non-Volatile Memory Cell” (with C. Kaya),
issued November 23, 1993.

U.S. Patent 5,300,803, “Source Side Injection Non-volatile Memory Cell,” issued April
5,1994.

U.S. Patent 5,365,105, “Sidewall Antifuse Structure and Method for Making,” issued
November 15, 1994.

U.S. Patent 5,371,402, “Low Capacitance, Low Resistance Sidewall Antifuse Structure
and Process” (with M. Wong), issued December, 1994

U.S. Patent 5,395,797, “Antifuse Structure and Method of Fabrication,” issued March 7,
1995.

U.S. Patent 5,470,773, “Method of Protecting a Stacked Gate Edge in a Semiconductor
Device from Self Aligned Source (SAS) Etch” (with Y. Sun and C. Chang), issued
November 28, 1995.

U.S. Patent 5,482,880, “Non-Volatile Memory and Fabrication Method,” (with C. Kaya),
issued January 9 1996.

U.S. Patent 5,517,443, “Method and System for Protecting a Stacked Gate Edge in a
Semiconductor Device from Self Aligned Source (SAS) Etch in a Semiconductor
Device,” issued May 14, 1996.

U.S. Patent 5,521,867, “Adjustable Threshold Voltage Conversion Circuit” (with Jian
Chen), issued May 28, 1996.

U.S. Patent 5,534,455, “Method and System for Protecting a Stacked Gate Edge in a
Semiconductor Device from Self Aligned Source (SAS) Etch in a Semiconductor
Device,” issued July 9, 1996.

150



16.U.S. Patent 5,541,875, “High Energy Buried Layer Implant To Provide A Low
Resistance P-Well in A Flash EPROM Array” (with Jian Chen), issued May 28, 1996.

17.U.S. Patent 5,590,076, “Channel Hot-Carrier Page Write,” issued December 31, 1996.

18. U.S. Patent 5,596,531, “Method for Decreasing the Discharge Time of A Flash Memory
Cell,” issued January 21, 1997.

19.U.S. Patent 5,612,914, “Asymmetrical Non-volatile Memory Cell, Arrays and Methods
for Fabricating Same” (with Man Wong), issued May 18, 1997.

20.U.S. Patent 5,624,859, “Method for Providing Device Isolation and Off-State Leakage
Current for a Semiconductor Device,” issued April 29, 1997.

21.U.S. Patent 5,625,220, “Sublithographic Antifuse,” (with K.L. Chen), issued April 29,
1997.

22.U.S. Patent 5,646,430, “Non-volatile Memory Cell Having Lightly-Doped Source
Region” (with C. Kaya), Issued July 8, 1997.

23.U.S. Patent 5,650,964, “Method of Inhibiting Degradation of Ultra Short Channel
Charge-carrying Devices during Discharge,” (with Jian Chen), Issued July 22, 1997.

24.U.S. Patent 5,652,155, “Method for Making Semiconductor circuit Including Non-ESD
Transistors with Reduced Degradation Due to an Impurity Implant,” Issued July 27,
1997.

25.U.S. Patent 5,656,509, “Method and Test Structure for Determining Gouging in a Flash
EPROM Cell During SAS Etch,” Issued July 29, 1997

26.U.S. Patent 5,661,059, “Boron Penetration to Suppress Short Channel Effect in P-
channel Device,” Issued August 26, 1997.

27. U.S. Patent 5,674,764, “Method of Making Asymmetrical Non-volatile Memory Cell,”
Issued October 7, 1997.

28.U.S. Patent 5,693,972, “Method and System for Protecting a Stacked Gate Edge in a
Semiconductor Device from Self-Aligned Source (SAS) Etch in a Semiconductor
Device,” Issued December 2, 1997.

29.U.S. Patent 5,751,631, “Flash memory cell and a new method for sensing the content
of the new memory cell,” Issued May 12, 1998

30.U.S. Patent 5,789,295, “Method of Eliminating or Reducing Poly1 Oxidation at Stacked
Gate Edge in Flash EPROM Process,” Issued August 4, 1998.

31.U.S. Patent 5,814,854, “Highly scalable FLASH EEPROM cell,” Issued September 29,
1998.

32.U.S. Patent 5,814,864, “Semiconductor Circuit Including Non-ESD Transistors with
Reduced Degradation Due to an Impurity Implant,” Issued September 29, 1998.
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33.U.S. Patent 5,912,836, “Circuit for Detecting Both Charge Gain and Charge Loss
Properties in a Non-Volatile Memory Array,” Issued June 15, 1999.

34.U.S. Patent 5,930,174, “Circuit and Method for Erasing Flash Memory Array,” Issued
July 27, 1999.

35.U.S. Patent 5,981,994, “Method and Semiconductor circuit for Maintaining Integrity of
Field Threshold Voltage Requirements,” Issued November 9, 1999.

36.U.S. Patent 5,995,418, “Circuit and Method for Erasing Flash Memory Array,” Issued
November 30, 1999.

37.U.S. Patent 6,026,017, “Compact nonvolatile memory,” Issued February 15, 2000.
38.U.S. Patent 6,027,974, “Nonvolatile memory,” Issued February 22, 2000.

39.U.S. Patent 6,088,263, “Non-volatile memory using substrate electrons,” Issued July
11, 2000.

40.U.S. Patent 6,091,636, “Flash memory cell and a new method for sensing the content
of the new memory cell,” Issued July 18, 2000.

41.U.S. Patent 6,127,225, “Memory cell having implanted region formed between select
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