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LIST OF CHALLENGED CLAIMS

Claim

Limitation

1[pre]

A semiconductor memory device capable of erasing and writing
memory contents in a memory cell using an electric signal, comprising:

I[a] |the memory cell, one regulator, first and second switches, and a voltage
applying transistor for applying a voltage to the memory cell, wherein
I[b] |an output of the regulator is coupled to inputs of the first and second
switches,
I[c] |an output of the first switch is coupled to a gate of the voltage applying
transistor,
1[d] |a voltage is applied from a drain terminal of the voltage applying
transistor to a drain terminal of the memory cell, and
1[e] |an output of the second switch is coupled to a gate of the memory cell
for application of a voltage.
3[pre] | The semiconductor memory device of claim 1, wherein
3[a] |an output of a fourth switch is coupled to the output of the second
switch, and
3[b] |a voltage different from the output of the regulator is applied to the gate
of the memory cell.
5[pre] | The semiconductor memory device of claim 3, wherein
5[a][i] |in a first operation mode, the first and fourth switches are turned on,
allowing the output voltage of the regulator to be applied to the drain
terminal of the memory cell and
5[a][1i] | the voltage different from the output of the regulator to be applied to the
gate of the memory cell, and
5[b] |in a second operation mode, the second switch is turned on, allowing the

output voltage of the regulator to be applied to the gate of the memory
cell.




Petition for Inter Partes Review
U.S. Patent No. 8,593,888

Claim

Limitation

20[pre]

The semiconductor memory device of claim 3, wherein

20[a]

the voltage different from the output of the regulator is an output
voltage of a booster circuit.

21[pre]

The semiconductor memory device of claim 1, wherein

21[a]

an output of a booster circuit is coupled to a source terminal of the
voltage applying transistor.
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I. RELIEF REQUESTED

Petitioner requests inter partes review of U.S. Patent No. 8,593,888 (the “’888

Patent”) and cancellation of claims 1, 3, 5, 20, and 21 under the following Grounds:

Ground | Basis | Reference(s) Claims
1 §102 | Tomita 1 and 21
2 §103 | Tomita in view of Im 1,3,5,20,and 21
3 §103 | Tomita in view of Nam 1, 3,5, and 21
4 §102 | Nakayama 1, 3,5, and 21

Each reference applied in this Petition predates March 10, 2010 (“Critical
Date”), which is the earliest filed foreign application from which the *888 Patent
claims priority. Petitioner does not necessarily agree that the *888 Patent 1s entitled

to priority to this Critical Date.

Reference Date Pre-AIA Section
Tomita May 25, 1999 (issue date) §§102(a), 102(b)
Im January 5, 2009 (filing date) §102(e)

Nam May 13, 2008 (issue date) §§102(a), 102(b)
Nakayama Aug. 1989 (publication date) §§102(a), 102(b)

II. TECHNOLOGY BACKGROUND
A. Memory Cells and Voltage Applying Transistor

A memory cell (MC) can store data as either “0” or “1.” EX-1012, [0006];
EX-1003, 940. Memory cells are usually arranged in an array of rows and columns,
with each memory cell situated at the intersection of a word line (WL) and a bit line
(BL). EX-1012, [0007], Fig. 2; EX-1017, 4:48-52; EX-1018, 1:53-58; EX-1003,
40. As illustrated below, the gate terminals of memory cells MC (highlighted

yellow) in the same row are all connected to one of the word lines WLO, WL, ...
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WLn, and the drain terminals of memory cells in the same column are all connected
to one of the bit lines BLO, ... BLm. EX-1012, [0007], Fig. 2; EX-1018, 1:55-59;

EX-1003, 940.!

bit lines

) W
word lines —

FIG. 2 M

SLi

Memory operations such as read, write (program), or erase can be performed
on a subset of the memory cells at a given time. EX-1003, 941. Specific subsets of
memory cells from the array can be chosen for a given memory operation by
addressing the respective word line and bit lines corresponding to the subset of cells.
Id. The bit line may be controlled by a select transistor, connected in series with the

source terminal of the memory cell(s). EX-1018, Fig. 1 (below), 2:7-14.

I~ All annotations are added unless indicated otherwise.
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PRIOR ART

The *888 Patent acknowledges that memory devices with memory cells that
can be “erased and rewritten” and voltage applying transistors were known in the
art. EX-1001, 1:15-21 (background); EX-1003, 943. The *888 Patent specifically
identified a prior art, Japanese Patent Publication No. 2008-217914 (“Nakauchi”).
EX-1008, 1; EX-1009 (certified English translation of Nakauchi). Nakauchi
discloses “a NOR-type flash memory device 100,” which includes “a plurality of

;7 “a plurality of voltage supply transistors 204,” and a

“regulator circuit 203.” EX-1009, [0018], Fig. 2, Fig. 9.
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B.  Supply Voltages for A Memory Cell (Wordline Voltages)

Memory cells are controlled by different levels of gate voltages, depending
on the memory operation required (e.g., read, verify, write/program, erase). EX-
1003, 946; EX-1018, 1:14-21; EX-1012, [0016]-[0017]. In general, a high voltage
is required for programming or erasing data from the memory cell. EX-1017, 1:19-
37. The voltage applied to the gate terminal of the memory cell is also known as the
word line voltage. EX-1003, 946; EX-1018, 1:55-57. Additional voltages are
applied to the drain or source terminal of the memory cell (bit line voltage) or to the
select transistor. EX-1003, 946.

The voltage at the gate terminal of the memory cell is typically driven by a

row decoder, which selects a particular row (i.e., word line) based on a memory
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address provided. EX-1003, 947; EX-1018, Fig. 1; EX-1012, Fig. 16, [0111]; EX-
1017, Fig. 2, 4:45-48; EX-1009, Fig. 1. The foregoing general structure for
powering various components of the memory cell array was ubiquitous before the
Critical Date. EX-1003, 947.

C. Voltage Regulator

To supply different voltage levels during different memory operations (e.g.,
write/program, erase, read, verify), memory devices include one or more DC-to-DC
voltage regulators. EX-1003, 948. A voltage regulator receives an input voltage and
“regulates” it to an output voltage of a desired level. Id.

There are different types of regulators. EX-1003, 949. For example, step-
down or “buck” regulators output a reduced DC voltage compared to the input DC
voltage, and step-up or “boost” regulators output a DC voltage higher than the input
DC voltage. EX-1022, [0004]; EX-1020, [0029]; EX-1021, [0061]; EX-1023, 2.

Exemplary buck converter and boost converter are illustrated below:
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Figure 1.1 Buck Converter
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Figure 1.5 Boost converter

EX-1013, 2-5
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Figure 2. Simple boost converter.

EX-1014, Figs. 1-2

Despite the different voltage levels required by the word line, the bit line, and
the select transistor, it is often desired, for efficiency, that the same regulator be used
to supply various voltages to them all. EX-1018, 2:53-61 (seeking to “reduce the
number of charge pumps required.”); EX-1003, 950.

A charge pump, which uses switches and capacitors to boost (or pump) an
internal voltage, is a well-known type of a boost circuit. EX-1018, 2:16-22 (“High
Voltage charge pump 400 may provide a regulated 10.5V” to the word line); EX-
1017, 1:49-62 (“regulated voltage Vreg pump has a stable waveform” and is
obtained by “boosting a voltage up to the high voltage through the charge pumping

operation”); EX-1003, q51. A charge pump is often used for its high efficiency. EX-
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1022, [0068]-[0069]; EX-1016, §7.1; EX-1003, 951.

D. Switch Circuits

In memory devices, switch circuits are commonly used to select an
appropriate voltage level to drive a particular row (i.e., word line) or column (i.e.,
bit line). EX-1003, 952-53. A switch circuit conventionally comprises one or more
transistor switches, each of which is controlled by a voltage received at its gate such
that, when the chosen transistor is turned “on,” it connects the electrical terminals of
its drain and source. EX-1006, 4:23-36, Fig. 2; EX-1010, 6:29-36, Fig. 1; EX-1018,
Fig. 2, 5:38-63.

III. ’°888 PATENT
A.  ’888 Patent Specification (EX-1001)

Building upon the foregoing disclosures in Figures 2 and 9 of Nakauchi, the
’888 Patent proposes two minor adjustments. “A technique like this is described in

Japanese Patent Publication No. 2008-217914 (FIG. 9)”, EX-1001, 1:28-30.
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FIG.2
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First, rather than using two regulators, the ‘888 Patent proposes using one
regulator. EX-1001, 1:40-41. To supply the gate terminals of the voltage applying
transistor 205 and the , respectively, the 888 Patent describes
using one “regulator 201 [that] is coupled to the inputs of a first switch 202 and a
second switch 203 to supply both gate terminals. EX-1001, 6:19-21. “The output
of the first switch 202 is coupled to the gate of the voltage applying transistor 205,”
whereas “the output of the second switch 203 is coupled to the gate of the memory

cell 207 via the row decoder 102.” Id., 6:21-28.
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Second, 1n addition to the first and second switches, the *888 Patent introduces
a fourth switch 204, which is coupled to “the booster circuit 208 (shown in dotted
red box below) and also coupled to the gate terminal of memory cell 207 via the row
decoder 102. EX-1001, 6:30-34. The output ends of the second and fourth switches
are tied together, as shown below, allowing either the output of the booster circuit

208 or the output of the regulator 201 to be supplied to the gate of memory cell 207.

10
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Accordingly, one of ordinary skill in the art would have understood the
alleged invention of the 888 Patent is the use of a single regulator and a booster
circuit, along with the first, second, and fourth switches. EX-1003, 458.

B.  Prosecution History (EX-1002)

The *888 Patent was allowed on the first office action. Regarding claims 1,
3, 5,20, and 21 that are relevant to this petition, the Examiner cited claim limitations
1[b] through 1[d] as the stated reasons for allowance. EX-1002 at 127. These claim
limitations generally recite the use of a regulator and the arrangement of switches
between the regulator on the one hand, and the voltage applying transistor and

memory cell on the other hand. EX-1003, 459.

11
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IV. PERSON OF ORDINARY SKILL

A person of ordinary skill in the art at the time of the 888 Patent (“POSITA”)
would have at least a Bachelor of Science in electrical engineering, computer
engineering, or similar fields with courses in integrated circuit design and at least
two years of experience in the field of integrated circuit design for memories. More
education can supplement for less experience, and vice versa. EX-1003, 960.
Petitioner’s expert, Dr. Khatri, exceeded this level by the priority date. Id. 94-20,
61.

V. CLAIM CONSTRUCTION

Claim 5 of the ‘888 patent recites “in a first operation mode, the first and
fourth switches are turned on, allowing the output voltage of the regulator to be
applied to the drain terminal of the memory cell and the voltage different from the
output of the regulator to be applied to the gate of the memory cell.” The term “the
drain terminal of the memory cell” is an obvious drafting error and should be
construed to mean “the gate of the voltage applying transistor.” See Novo Indus.,
L.P. v. Micro Molds Corp., 350 F.3d 1348, 1355 (Fed. Cir. 2003) (obvious errors in
a claim can be corrected in construing the claim); Amazon.com, Inc. v. Nokia
Technologies Oy, IPR2024-00921, Paper 11 at 11.

The claim language supports this interpretation. Claim 1, from which claim

5 depends, recites that “the regulator is coupled” to the “input[] of the first ... switch,”

12
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whose output is in turn “coupled to a gate of the voltage applying transistor.” As a
result of this coupling, when the first switch is “turned on” in claim 5’s “first
operation mode,” it allows the output voltage of the regulator to be applied to the
gate of the voltage applying transistor. EX-1001, Fig. 2; EX-1003, 963. Neither
claim 1 nor claim 5 provides any connection via which the regulator output in the
first operation mode is applied to “the drain terminal of the memory cell,” let alone
as a result of the first switch being “turned on,” as claim 5 recites.

The specification confirms this interpretation. Consistent with Petitioner’s
construction and mirroring the remaining language of claim 5, the specification
describes that, “in the first mode (e.g., during write operation),” “the output of the
regulator is supplied to the gate of the voltage applying transistor, to control the
voltage applied to the drain side of the memory cell,” whereas in “the second mode
(e.g., during read operation)” the regulator output is “supplied to the gate of the

7 EX-1001, 4:61-5:3, Fig. 2.

13
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In other words, in the “first mode,” because the regulator “regulat[e]s [the]
gate voltage [of the voltage applying transistor], the voltage applied to the drain side
of the memory cell 207 [is] controlled.” But the regulator does not apply its output
voltage to the drain of the memory cell. Id., 6:21-26, 6:45-53, 7:16-22, 8:11-17,
8:64-9:3. Indeed, every embodiment shows a regulator (regulator 201) applying its
output voltage to the gate of a voltage applying transistor (transistor 205) (id., Figs.
2, 4-7), and there is not a single embodiment where the regulator applies its output
voltage “to the drain terminal of the memory cell” (transistor 207). EX-1003, 965.

Patent Owner may argue that Figure 2 of the 888 Patent shows applying the
output of regulator 201, VPP1, to the drain of the memory cell indirectly, i.e., via

booster circuit 208 and transistors 205 and 206. But such an interpretation would be

14



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

unsupported because the specification is plain that VPP1 is the output of booster
circuit 208, not the output of regulator 201. EX-1001, 6:18-21. Further, if the
applicant had intended to claim the booster circuit’s voltage being applied to the
drain of the memory cell (rather than the regulator’s voltage being applied to the
drain of the memory cell), claim 5 would have expressly stated so. EX-1003, 466.
The ‘888 patent claims explicitly distinguish the output of a booster circuit (“voltage
different from the output of the regulator”) from the “output of a regulator.” EX-
1001, 9:35-36 (“an output of the regulator”), 9:61 (“a voltage different from the
output of the regulator”), 13:5-7 (“the voltage different from the output of the
regulator is an output voltage of a booster circuit”), 13:8-10 (“an output of a booster
circuit is coupled to a source terminal of the voltage applying transistor”). Such a
distinction would be rendered meaningless if the output of the booster circuit can
also be considered an output of the regulator simply because the booster circuit is
connected to the regulator. See Becton, Dickinson & Co. v. Tyco Healthcare Grp.,
LP, 616 F.3d 1249, 1257 (Fed. Cir. 2010) (“Claims must be interpreted with an eye
toward giving effect to all terms in the claim.”).

Accordingly, the Board should construe the first operation in claim 5 to
require applying an output of the regulator to the “gate of the voltage applying
transistor,” not the “drain terminal of the memory cell.” Should the Board agree,

claim 5 (the only claim affected by this construction) is invalid as discussed in

15
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Grounds 2 and 3. But even if the Board disagrees and finds no construction is needed
for claim 5, it would still be invalid as discussed in Grounds 2 through 4.

No other express constructions are required to find the 888 Patent claims
invalid. To the extent relevant, Petitioner addresses the plain meaning of certain
terms in the analysis for the presented Grounds.

VI. GROUNDS
A.  Ground 1: Tomita Anticipates Claims 1 and 21
1. Overview of Tomita (EX-1005)

Tomita is prior art under at least pre-AIA 35 U.S.C. §§102(a)-(b), having been
patented on May 25, 1999, and thus before the Critical Date. Tomita was not
considered by the Examiner during prosecution of the 888 Patent.

Tomita discloses “a power source circuit ... used for a non-volatile
semiconductor memory.” EX-1005, 5:56-60. Ground 1 focuses on Tomita’s power

source circuit shown in Figure 4:
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In the Figure 4 embodiment, Tomita’s power source circuit includes boost
circuit WL/SL C.P. 1, which receives a reference potential VREFV and provides
an output potential VCPWS to stepdown circuits 3 and 4. EX-1005, 7:18-24. The
stepdown circuit 3 supplies an output potential VSW to switch circuits WL switch
(“WL S.W.”) 6, while stepdown circuit 4 supplies an output potential VPB to PBL
switch (“PBL S.W.”) 8. 1Id., 7:20-29, 7:46-53, 7:60-8:2. The output potential
VCPWS of the boost circuit 1 is “directly used or is reduced” by the switches,
depending on the intended operation (e.g., write, erase, verify, or read). Id., 7:35-

41, 7:54-59. The switches select from either the output of a stepdown circuit or an
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external power source potential, VDD (not shown). Id., 1:12-13, 1:50-52, 14:60-62.
Switch circuit 6, for example, “selects and outputs” VSW or VDD depending on
the state. Id. 8:12-21. The outputs of switches 6, 7, and 8 are coupled—via a row
decoder 10, column decoder 11, and write transistor decoder 12—to a *

,” a “column select transistor 14,” and a “write transistor 13,” respectively. /d.,
1:62-65, 2:20-22.

2. Analysis
(a) Claim1

(i) 1[pre]: A semiconductor memory device capable
of erasing and writing memory contents in a
memory cell using an electric signal, comprising:

Tomita discloses 1[pre]. Tomita discloses a “non-volatile semiconductor
memory”’ comprising a “power source circuit” that supplies potential for reading as
well as “writing, erasing, and verifying data on the memory cell.” EX-1005, 5:56-

60, 7:8-16, 7:30-34, 7:17-18.
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Further, Tomita discloses that its invention relates to “flash memory, an
EEPROM, or the like,” which is a memory device in which memory cells can be
erased and rewritten. EX-1005, 1:5-7; EX-1001, 1:16-21; EX-1003, q75.
(i) 1[a]: the memory cell, one regulator, first and
second switches, and a voltage applying

transistor for applying a voltage to the memory
cell, wherein

Tomita discloses 1[a]. Tomita discloses . EX-1005, 7:35-45.
Tomita also discloses “one regulator” because it discloses a boost circuit WL/SL
C.P.1, which receives the input voltage VREF and outputs a regulated voltage
VCPWS. EX-1005, 7:20-24, 7:47-50; EX-1003, §76; §II.C, supra. For example,
Tomita discloses that boost circuit 1 outputs 11.5V when writing, erasing, and

verifying data, and outputs VDD when reading data. EX-1005, 7:30-34.
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Tomita’s switch circuits PBL. S.W. 8 and WL S.W. 6 comprise “first and
second switches,” respectively, because they are each a switch circuit that receives
two inputs (e.g., VSW and VDD for switch circuit 6, and VPB and VDD for switch
circuit 8) and “selects and outputs” either of the two inputs received. EX-1005, 8:12-
22, 8:40-49; EX-1003, 977.

Lastly, Tomita discloses a “voltage applying transistor for applying a voltage
to the memory cell 15” because it discloses write transistor 13, which “serves to
control a drain voltage of the 7 EX-1005, 6:52-53; EX-1003, q78.
Tomita’s Figure 2 demonstrates a voltage being applied to the memory cell via write

transistor 13. EX-1005, 6:49-50; Fig. 2.
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(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,

Tomita discloses 1[b] because the output VCPWS of boost circuit WL/SL
C.P. 1 (the “regulator”) is coupled to inputs of switch circuit 8 and switch circuit
6, which comprise the “first” switch and “second” switch, respectively. EX-1005,

7:20-24, 7:50-52, 7:63-65, Fig. 4.
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The presence of intervening components, namely stepdown circuits 3 and 4,
does not undermine that the output VCPWS of the boost circuit 1 (the “regulator”)
is “coupled” to inputs of the first and second switches. The plain ordinary meaning
of the term “coupled” includes both direct and indirect connections. See MEMS
Tech. Berhad v. Int'l Trade Comm'n, 447 F. App'x 142, 151-152 (Fed. Cir. 2011)
(finding that “electrically coupled” ordinarily includes indirect modes of connection);
GSK Techs. Inc. v. Eaton Elec. Inc., No. 606CV358, 2008 WL 906713, at *5 (E.D.
Tex. Apr. 1, 2008) (construing “electrically coupled” to mean “arranged so that
electrical signals may be passed either directly, or indirectly via intervening circuitry,
from one component to another.”); EX-1003, 480. Consistent with the ordinary

meaning, the ‘888 Patent uses the term “coupled” to include a connection that has
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intervening components. FE.g., EX-1001, 6:26-28 (“[T]he output of the second
switch 203 is coupled to the gate of the memory cell 207 via the row decoder 102.”);
EX-1003, 980.

Even if the Board finds that direct coupling is required between the regulator
output and the first and second switches, Tomita discloses 1[b]. Tomita discloses
that the output VCPWS of the boost circuit 1 (the “regulator”) may be supplied
“directly” for gates of transistor 13 and memory cell 15. EX-1005, 7:35-42. For
example, stepdown circuit 3 passes the output of boost circuit 1 “directly” to row
decoder 10 when writing and erasing data on the memory cell; and lowers the output
before supplying it to row decoder 10 when verifying data after writing and erasing
data on the memory cell. EX-1005, 7:54-59; EX-1003, q81. The outputs of
stepdown circuits 3 and 4, VSW and VPB, respectively, are therefore each also an
“output of the regulator,” and the outputs are directly coupled to the first and second
switches. EX-1003, q81.

(iv) 1[c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,

Tomita discloses 1[c] because the output of switch circuit 8, which comprises
the “first switch,” is coupled, via decoder 12, to a gate of write transistor 13 (the
“voltage applying transistor”). EX-1005, 8:41-50, 2:20-22. As discussed in Section

VI.A.2(a)(ii1), supra, the presence of an intervening component, decoder 12, does
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not undermine that the first switch is “coupled” as claimed under its plain and

ordinary meaning.
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(v) 1[d]: a voltage is applied from a drain terminal
of the voltage applying transistor to a drain
terminal of the memory cell, and

Tomita discloses 1[d] because write transistor 13 (the “voltage applying

transistor”) applies the voltage it receives from its drain terminal VCPBL to the drain

terminal of . EX-1003, 983.
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Tomita discloses that “write transistor 13 serves to control a drain voltage

of the ” (EX-1005, 6:51-52) and that the voltage is applied from a

“drain terminal” of the write transistor to a “drain terminal” of the memory cell. /d.,

6:52-59 (“A drain of the write transistor 13 is applied with a voltage of, for example,

7V’ and, “[a]s a result of this, a voltage of 5.5V is applied to a drain of the memory
cell 15.”), Fig. 2.

(vi) 1]e]: an output of the second switch is coupled to

a gate of the memory cell for application of a
voltage.

Tomita discloses 1[e]. In Tomita, the output of switch circuit 6, which
comprises the “second switch,” is coupled, via row decoder circuit 10, to a gate of

for application of a voltage such as VSW. EX-1005, 8:11-21, 8:22-
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26, 1:40-42, Fig. 4. As discussed in Section VI.A.2(a)(ii1), supra, the presence of an
intervening component, decoder 10, does not undermine that the second switch is

“coupled” as claimed under its plain and ordinary meaning.
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(b) Claim 21. The semiconductor memory device of claim

1, wherein an output of a booster circuit is coupled to
a source terminal of the voltage applying transistor.

Tomita discloses claim 21. Tomita discloses a (the
“booster circuit”), which “generates a high potential of, for example 7V, and

supplies this potential to a drain of the [write] transistor 13.” EX-1005, 7:42-46.
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An output of the booster circuit, VCPBL, is “coupled a source terminal of the
voltage applying transistor.” Tomita’s Figure 2, which shows “an example of a
voltage applied when writing data into a memory cell 15,” demonstrates coupling of
a 7V-output of the to a source terminal of the write transistor 13

(“the voltage applying transistor””). EX-1005, 6:49-50.
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Specifically, “[a] drain of the write transistor 13 is applied with a voltage of,
for example, 7V, and a gate of the [write| transistor 13 is applied with a voltage of
8.5V.” Id., 6:52-54. A POSITA would have understood that the 8.5V applied to the
gate of Tomita’s write transistor 13 would have turned “on” the transistor, causing
the 7V potential applied at its drain to be applied (with a small drop) to the source
terminal, as shown above. EX-1003, 488. Indeed, Tomita makes clear that “[a]s a
result of this, a voltage of 5.5V is applied to a drain of the memory cell 15.” EX-
1005, 6:57-58. The drain terminal of memory cell 15 would receive a voltage of
5.5V if the write transistor 13 is turned “on” and there is a voltage potential applied

at its source terminal. EX-1003, q88. Accordingly, Tomita discloses the “high
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potential of, for example, 7V” (the “output of a booster circuit”) is “coupled to a
source terminal” of write transistor 13 (“the voltage applying transistor”).

B. Ground 2: Tomita in View of Im Renders Claims 1, 3, 5, and 20-21
Obvious

1. Overview of Tomita’s Figure 21 Embodiment (EX-1005)

Ground 2 focuses on Tomita’s Figure 21 embodiment. To construct this
embodiment, Tomita builds out the circuit shown in Figure 4 by adding a word line
power source (elements 16 through 19) (EX-1005, 14:50-57, Fig. 16), low power
consumption type reference potential generation circuit VREF2 20, and step down
circuit 21. Id., 16:53-59, Figs. 16, 21. Tomita also replaces a reference potential
generation circuit VREF5 with VREFS’, the only difference being that VREFS’
operates only when required to reduce the power consumption. /d., 15:61-67, 16:47-
52.

Other components of Figure 21 and disclosures about them remain the same
as in Figure 4, as described in §VI.A.1, supra, and are labeled identically as in Figure

4 and other figures. Id., 16:53-56, 14:53-57.

29



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

5’ VREF |— >WL/SLI 1 o~ BL
C.P. C. P.
VCPWS
~J RWL
16~ Reg ]
i _|WL/SL PBL
VRL Reg. || [ Reg. [~
; A~ | ]veB
~A y
L B < PR . o
S/A / ° S. W.
19 WL S. W
~ VRFWL 67 S W. S/A
| 8 vPBL 12 VCPBL
| J ~13
20 21 VeoL| 11
¢ ¢ (\/( | ~14
WL | | VWL| 10 o
VREF2 Reg
9 f/*é — [~15
FIG. 21 [}t
Tomita Fig. 21

Unlike in Figure 4, switch circuit 6 of Figure 21 receives three (rather than
two) inputs, namely “output potentials of the stepdown circuits 3 and 21 and the
power source potential VDD, and [it] selects and outputs one of the three potentials
in accordance with the state of the cell.” Id., 17:4-10. The addition of stepdown
circuit 21 enables “independently separate[ing] the function of generating a word
line potential when reading data, from the stepdown circuit 3.” Id., 17:1-3. Applying
relatively lower supply voltage, “no higher voltage than 5V ... to the word line” also

improves the reliability of the cell. 1d., 17:11-14.
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2. Overview of Im (EX-1010)

Im was filed on January 5, 2009, before the Critical Date, and is therefore
prior art under pre-AIA 35 U.S.C. §102(e). EX-1010. Im was not considered by the
Examiner during prosecution of the 888 Patent.

Im discloses wordline voltage generating unit 110 configured to provide
multiple voltage levels (e.g., Vreadl through Vread 3), which can selectively be

applied to a memory cell via switch unit 120 and row decoder 130. /d., 6:14-36, Fig.

4, 6:53-7:18.
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3. Combining Tomita with Im

31



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

(a) Implementing Tomita’s Switch Circuits in View of
Im’s Switching Unit

It would have been obvious to implement Tomita’s switch circuits 6 and 8
using a plurality of transistor switches, like Im’s switch unit 120. In Figure 21,
Tomita discloses supplying different voltages (e.g., VDD, VSW, and output of
stepdown circuit 21) to the gate of memory cell 15. EX-1005, 17:4-10. The voltages
applied for writing and erasing, for example, may be 11.5V and 0V, respectively.
1d., 6:49-50, 6:59-61, 6:64-7:7, Figs. 2-3.

Im discloses a conventional implementation of such a switch circuit. EX-
1003, 996. Im’s switch unit 120 includes multiple switches (including switches 121
through 123) “for switching the first through third wordline voltages.” EX-1010,
6:29-36, Figs. 3-5. For example, when switch 121 (P1) is turned on, Vreadl will be
applied to the memory cell. Id., 6:53-59. When switch 122 (P2) is turned on, Vread2

will be applied as the wordline voltage to a memory cell. Id., 6:60-64.
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Im Figs. 4-5
A POSITA would have found it obvious to implement Tomita’s word line
switch circuit 6 and switch circuit 8 with a plurality of transistor switches (e.g., P1

through P3), as disclosed in Im and illustrated below:

FIG. 5
120
Vv
Vi D o . Vwell
Vread3 &
Vread2 DO—m———
Vread1 DO——— P4
CI n = 4 E
foc]= [
—
C2> 4 =
(= cl =
T
—I— Na
FIG. 5
/1/120
5~ VREF VEL/PSL-\_1 2~JBL
~ RWL = % & P Vi‘li o e Vwell
° Reg. Vread3 O
M/SLi 3 PBL |4
VRIL Reg. Reg. Vread2 D——m————
VPB Vread! D———— ”,
fui
7 colj SE'w 8 Cini &> 4F
] = | S/A Qe SI=
T VPBL 12 WCPBL c2o =
13 1D =
veoL| 11 C CFl’h
i -
10 L a

Tomita Fig. 21 (left); Im Fig. 5 (right)

A POSITA would have been motivated to implement Tomita’s switch circuits

6 and 8 using a plurality of transistor switches. EX-1003, 9498. Tomita and Im are
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in the same field of endeavor, i.e., power sources and voltages for “flash memory”
designs (EX-1005, 1:5-13; EX-1010, 1:16-18), and disclose common structures for
generating and supplying word line voltages, including (a) a switch circuitry that
receives multiple inputs and selects one of them, such as Tomita’s switch circuits 6
and 8 and Im’s switch unit 120; (b) a regulator such as Tomita’s WL/SL C.P.1 and
Im’s regulators 111 through 113 and charge pump 114; (c¢) a row decoder such as
Tomita’s row decoder circuit 10 and Im’s row decoder 130; and (d) a memory cell
such as Tomita’s memory cell 15 and Im’s memory cells M11 through M14 and
M21 through M26. These are the exact same structures claimed or shown in the
’888 Patent. EX-1003, 998.

Im’s disclosures of wordline generation circuit supplement Tomita. EX-1003,
9199. Tomita discloses that, by adding the stepdown circuit 21 and giving the switch
circuit 6 an ability to choose from different potentials depending on the state of the
cell (e.g., write, erase, read, and verify), “the reliability of the cell can be improved.”
EX-1005, 17:4-14. Im also seeks to improve a memory cell’s reliability, stating that
“[a] stable read operation can be performed when the wordline voltages are
maintained at uniform values.” EX-1010, 2:7-9. A POSITA looking to improve the
stability of a memory device by utilizing different power sources as taught by Tomita
would have looked to references like Im for implementation details of a switch

circuit. EX-1003, 499.
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A POSITA would have had a reasonable expectation of success in
implementing Tomita’s switch circuits 6 and 8 using a plurality of transistors, as
disclosed in Im’s switch unit 120. EX-1003, 9100. Tomita already discloses having
the switch circuits select from a plurality of different input potentials to supply to
the gate terminal of the memory cell 15. EX-1005, 17:4-10, 8:41-51; EX-1003, 4100.
The combination of Tomita and Im would involve no more complexity than
implementing Tomita’s switch circuits 6 and 8 each with a switch unit 120 from
Im’s Figure 5, with transistors connected such as shown in Im’s FIG. 5 to select
between one of several signals, with each of Im’s transistors driven by different gate
voltages (e.g., C1 through C3) and allowing different voltages (e.g., Vreadl through
Vread3) to be applied at the output of the switch, as shown in Im’s switch unit 120.
EX-1003, 9100. Indeed, Im discloses that a switch circuit comprising multiple
switches connected at a common node was a “conventional method” used for
selecting and driving a word line voltage to a memory cell. EX-1010, 2:10-26, 2:30-
39, Fig. 2A; §IL.D, supra.

Implementing Tomita’s switch circuits 6 and 8 with a switch unit 120 from
Im’s Figure 5 would require no other changes to Tomita’s existing structure. EX-
1003, 9101. The output of the switch circuit 6 (after it was replaced by a switch unit
120 from Im), for example, would be applied to row decoder 10 and applied to the

gate of memory cell 15, in much the same fashion as how the output of Im’s switch
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unit 120 is supplied via row decoder 130 to a memory cell. EX-1005, 7:35-41,
16:53-56, 14:53-57; EX-1010, 5:17-27, Fig. 3-5; EX-1003, 4101.

(b) Modifying Tomita’s Read-Mode Potential Generation
Circuit in View of Im

It would have been obvious to modify Tomita’s low power consumption type
reference potential generation circuit VREF2 20 and stepdown circuit 21 in view of
Im’s wordline voltage generating unit.

As discussed in Section VI.B.1, Tomita’s Figure 21 adds low power
consumption type reference potential generation circuit 20 (VREF 2) and stepdown
circuit 21 to independently generate a word line potential when reading data. EX-

1005, 16:53-59, 17:1-3.

5"~ VREF [— WL/SLE 1 2 ~|BL
C.P. C.P.
-— - VCPWS
10 [ Reg WLiSL
> 3 PBL
VVRWL Reg. J_' Reg. |4
) | VPB
—~ y
17 ng . N P,
S/A Gol | 15 y
19 WL S W .
~ VRFWL 6715, W S/A
| '8 VPBL 12 VCPBL
~13
20 2 veoL| 11
[P S — - [J/( a{ ~14
|vRer2> e, H VIL| 10
——————— ‘ 9 —[~15
FIG. 21 Lﬁ

Tomita discloses that, “in the power source circuit systems shown in FIGS. 4

and 14, the reliability of a cell ... can be improved, by controlling the word line

36



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

power source VWL to be a certain level or a lower level.” EX-1005, 15:28-32.
Additionally, Tomita discloses that “there is a case in which a word line power
source for a reference cell is provided independently.” Id., 14:40-50. Accordingly,
Tomita discloses the need for additional voltages to be driven to the gates of memory
cells. EX-1003, q104.

Additionally, Im expands on Tomita’s Figure 21 embodiment by disclosing
that, to increase the capacity of a memory device, a plurality of wordline voltages
can be utilized for reading data. EX-1010, 6:14-28, 1:64-2:9. Im’s Figure 4
illustrates wordline voltage generating unit 110 generating three different voltages,
Vreadl, Vread2, and Vread3, and selectively supplying one of the read voltages, via
switch unit 120, to row decoder 130. Id., 6:14-28, Fig. 4. As shown in Im’s Figure
4, one of the wordline voltage options, Vread3, is a direct output of charge pump
114, while the other two wordline voltage options are outputs of regulators 111 and

112, which both receive the output of charge pump 114. EX-1003, 4105.
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A POSITA would have found it obvious to modify Tomita’s reference
potential generation circuit 20 (VREF2) and stepdown circuit 21 such that the output
of VREF2, implemented as a charge pump, can bypass stepdown circuit 21 and
supplied directly to switch circuit 6, as disclosed in Im. EX-1003, 106. The

proposed modification is illustrated below in dashed lines:
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As an initial matter, Tomita states that stepdown circuit 21 “lowers and
outputs the power source potential VDD (EX-1005, 16:66-67)” and ensures that “no
higher voltage than 5V is applied to the word line.” EX-1005, 17:11-14. From this,
a POSITA would understand that the VDD of the Tomita circuit is 5V and that
VREF?2 is a boost circuit that outputs a voltage higher than 5V. EX-1003, §107. A
charge pump would have been an obvious choice of design for the boost circuit. /d.
A charge pump is a well-known boost circuit (see §11.C, supra), and Tomita already
discloses using charge-pump boost circuits—such as boost circuits 1 and 2 (e.g., EX-
1005, 7:20-24, 7:42-45, Fig. 4 (boost circuits 1 and 2), Figs. 5-7)—to eliminate the
need for an external high voltage power source and save costs. Id., 2:47-55.

Moreover, Tomita discloses that VREF2 is a “low power consumption” type
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reference potential generation circuit. Id., 16:53-55. A POSITA would understand
that a charge-pump based boost-circuit design, such as one based on switched
capacitors, is well suited to be used as a “low power consumption type reference
potential generation circuit.” EX-1015, Abstract (disclosing a “charge pump circuit”
that produces a “voltage much higher than a supply voltage™), [0003]; EX-1016, 1,
9 (a switched capacitor voltage boosting operation used as a regulator, based on
“switched capacitor[s]” or “flying capacitor[s]”).

A POSITA would have been motivated to modify the low power generation
circuitry in view of Im such that the output of VREF2, implemented as a charge
pump as explained above, can bypass the stepdown regulator 21. EX-1003, 4108.
As discussed above, Tomita and Im are in the same field of endeavor, i.e., power
sources and voltages for “flash memory” designs EX-1005, 1:5-7; EX-1010, 1:16-
18; EX-1003, 9108. Tomita and Im disclose similar motivations. EX-1003, 4108.
Tomita seeks to improve reliability of read operations by adding the stepdown
circuit 21 and “separat[ing] the function of generating a word line potential when
reading data.” EX-1005, 17:1-14. Tomita thus discloses the motivation for driving
the gate of memory cells with a range of different voltages. EX-1005, 14:40-50,
15:28-32, 17:1-14; EX-1003, 9108. Im furthers Tomita’s goal by disclosing a
wordline voltage generation circuit that increases the speed and reliability of read

operations. EX-1010, 6:46-52; EX-1003, 9108.
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Moreover, market forces demanded memory devices to have an increased
storage capacity, which by the time of the Critical Date was commonly achieved
with the use of a multi-level cell (MLC) method. EX-1010, 1:64-2:9; EX-1006,
1:59-2:8; EX-1003, q109. Unlike in the single-level cell (SLC) method, in the MLC
method, one cell stores two or more bits, requiring using multiple voltage thresholds
to perform memory operations on a cell. EX-1010, 1:66-2:9; EX-1006, 1:62-2:8;
EX-1003, 9109. To construct a high-capacity memory device based on Tomita’s
teaching, a POSITA would have utilized the MLC method and looked to references
like Im for implementation details on multi-level wordline voltage generation. EX-
1003, 9109.

The modification would have provided a predictable benefit. EX-1003, 4110.
Allowing VREF2 to bypass stepdown circuit 21 and supply a boosted voltage
directly to Tomita’s switch circuit 6 would increase the range of voltage supplies
available in a read operation. Id. Specifically, by directly receiving the output of
VREF20, Tomita’s switch circuit 6 can drive memory cell 15 with a relatively higher
voltage not limited by stepdown circuit 21, in a low power consumption setting. Id.
The wider range of read voltages would have improved device reliability and
performance. /d.

A POSITA would have had a reasonable expectation in implementing VREF2

as a charge pump capable of bypassing stepdown circuit 21, as disclosed in Im. EX-
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1003, 9111. The only modification would be to connect the charge pump directly to
a switch in switch circuit 6 (e.g., transistor P3 in Im’s switch unit 120). Im discloses
precisely such an implementation: as shown in Im’s Figure 4, switch unit 120
receives both the direct output of charge pump 114 (switch 123) and output voltages
of regulators 111 and 112 (respectively fed through switches 121 and 122). EX-
1010, 6:29-36, Fig. 4-5; EX-1003, q111. The proposed modification would simply
extend the functionality of the charge pump VREF2 and stepdown circuit 21 and
enhance the storage capacity of the memory while maintaining reliable operation.
EX-1003, q111.

No other modification is needed for the rest of the Tomita’s wordline path.
EX-1003, q112. The output of the switch circuit 6, for example, would be applied
to row decoder 10 and applied to the gate of memory cell 15, in much the same
fashion as how the output of Im’s switch unit 120 is supplied via row decoder 130
to memory cells. EX-1005, 7:35-41, 16:53-56, 14:53-57; EX-1010, 6:29-36; EX-
1003, q112.

4, Analysis
(a) Claim1

(i) 1[pre]: A semiconductor memory device capable
of erasing and writing memory contents in a
memory cell using an electric signal, comprising:

Tomita discloses 1[pre] as discussed in Ground 1. See §VI.A.2(a)(1), supra.
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(i) 1[a]: the memory cell, one regulator, first and
second switches, and a voltage applying
transistor for applying a voltage to the memory
cell, wherein

As discussed in Ground 1, Tomita discloses , boost circuit
WL/SL C.P.1, and write transistor 13, which are the claimed “memory cell,” “one
regulator,” and “voltage applying transistor,” respectively. EX-1005, 7:25-42, 6:49-
53, Fig. 2; EX-1003, 94114; §VI.A.2(a)(i1). The same description applies to Figure

21. 1d., 16:53-59, 14:51-57.
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3 PBL
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H-_qu veBl 12 VCPBL | |
write
20 21 VCOL é] _{ E\"l 3 transistor
¢ ¢ Y
VREF2[> Re [:
g 9 <~ - :’\45
FIG. 21 [ ,
Tomita Fig. 21

In Tomita-Im, switch circuits 6 and 8 each include a plurality of switches,
corresponding to each of the inputs received. EX-1005, 17:4-10, 8:40-49. For
example, in switch circuit 6, transistor P2 as shown in Im’s Figure 5, which receives

the regulator output VSW, is a “second switch.” EX-1003, q115.
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Switch circuit 8 would be similarly constructed, and transistor P2, which

receives VPB, is a “first switch.” EX-1003, q116.
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Tomita Fig. 21 (left) and Im Fig. 5 (right)

(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,
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In Tomita-Im, the output VCPWS of boost circuit WL/SL C.P. 1 (the
“regulator”) is coupled to inputs of the first and second switches in switch circuit 8
and switch circuit 6, respectively, as discussed in 1[a] above. EX-1005, 7:20-24,
7:50-52, 7:63-65; §VI.B.4(a)(i1), supra.

As discussed in Ground 1, the presence of intervening components, namely
stepdown circuits 3 and 4, does not undermine that the output of the boost circuit 1
(the “regulator”) is “coupled” to inputs of the first and second switches. See
§VI.A.2(a)(ii1), supra. And even if the Board finds that direct coupling is required
between the regulator output and the first and second switches, Tomita-Im would
meet such a requirement because the output VCPWS of the boost circuit 1 (the
“regulator”) may be supplied “directly” for gates of transistor 13 and memory cell
15. EX-1005, 7:47-50, 7:35-42, 7:54-59; VI.A.2(a)(ii1), supra. The outputs of
stepdown circuits 3 and 4, VSW and VPB, respectively, are therefore each also an
“output of the regulator,” coupled to the first and second switches (e.g., transistors
P2 from Im’s Fig. 5, in switch circuits 8 and 6, respectively). EX-1003, 4118.

(iv) 1]c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,

Tomita-Im renders 1[c] obvious because the output VPBL of the “first switch”
(e.g., transistor P2 in switch circuit 8, see §VI.B.4(a)(ii1), supra) is coupled, via
decoder 12, to a gate of write transistor 13 (the “voltage applying transistor”). EX-

1005, 8:41-50.
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(v) 1[d]: a voltage is applied from a drain terminal

of the voltage applying transistor to a drain
terminal of the memory cell, and

Tomita discloses 1[d] because, as discussed in Ground 1, write transistor 13

(the “voltage applying transistor”) applies the voltage it receives from its drain

terminal VCPBL to the drain terminal of . EX-1005, 6:51-59, Fig.
2; EX-1003, 9120; §VL.A.2(a)(v), supra.

(vi) 1]e]: an output of the second switch is coupled to

a gate of the memory cell for application of a
voltage.

Tomita-Im renders 1[e] obvious because the output VWL of the “second
switch” (e.g., P2 in switch circuit 6, see §VI.B.4(a)(ii1), supra) is coupled, via row
decoder circuit 10, to a gate of for application of a voltage. EX-

1005, 8:11-26, 1:40-42.
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() Claim 3

(i) 3[a]: The semiconductor memory device of claim
1, wherein: an output of a fourth switch is
coupled to the output of the second switch, and;

Tomita-Im renders 3[a] obvious. As discussed for 1[a] (see §VI.B.4(a)(ii),
supra), Tomita-Im’s switch circuit 6 includes transistors P2 and P1, which supply
power sources VSW and the output of stepdown circuit 21, respectively, to memory
cell 15. Transistor P1 in switch circuit 6 is a “fourth switch,” and its output is
coupled to the output of transistor P2 (the “second switch”). EX-1003, 4122; EX-

1005, Fig. 21.
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Alternatively, when Tomita is further modified, as discussed in Section

VI.B.3(b), supra, such that VREF2 is implemented as a charge pump that can

directly supply a potential to switch circuit 6, transistor P3 in switch circuit 6 is also

a “fourth switch,” and its output is coupled to the output of transistor P2 (the

“second switch™). EX-1003, 9123; EX-1005, Fig. 21.
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(i) 3[b]: a voltage different from the output of the
regulator is applied to the gate of the memory
cell.

Tomita-Im renders 3[b] obvious. Tomita’s switch circuit 6 is “supplied with
output potentials of the stepdown circuits 3 and 21 and the power source potential
VDD” and “selects and outputs one of the three potentials” based on the state of
memory cell 15, such as write, read, erase, and verify. EX-1005, 17:4-10. The
output of stepdown circuit 21, for example, is a “voltage different from the output
of the regulator.” EX-1003, q124. As discussed in 1[b] (§VI.B.4(a)(ii1), supra),
VCPWS and VSW are each “the output of the regulator.” EX-1005, 7:47-50, 7:54-
59; EX-1003, 9124. Further, Tomita discloses that the Figure 21 embodiment “is
arranged to as to independently separate the function of generating a word line
potential when reading data, from the stepdown circuit 3” (EX-1005, 17:1-3),
indicating that the voltage of the stepdown circuit 21 is “independently separate”
from the other voltages produced for switch circuit 6 to drive the wordline of the
memory cell. EX-1003, 9124. Thus, the output of stepdown circuit 21 is “a voltage
different from” the output of the regulator (e.g., VCPWS and VSW). When switch
circuit 6 selects and outputs the output of stepdown circuit 21, it is “applied to the

gate of the memory cell.” EX-1005, Fig. 21; EX-1003, 9124.
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In addition, when Tomita is further modified, as discussed in Section
VI.B.3(b), supra, such that VREF2 is implemented as a charge pump that can
directly supply a potential to switch circuit 6, the output of charge pump 20 is also
“a voltage different from” the output (VCPWS or VSW) of boost circuit 1 (“the
regulator”). EX-1005, 7:54-59; EX-1003, 9125. When switch circuit 6 selects and
outputs the output of charge pump 20, it is “applied to the gate of the memory cell,”

as illustrated below. EX-1005, Fig. 21; EX-1003, §125.
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(¢) Claim 5.

(i) S[a][i]: The semiconductor memory device
of claim 3, wherein: in a first operation mode,
the first and fourth switches are turned on,
allowing the output voltage of the regulator to be
applied to the drain terminal of the memory cell
and;

Tomita-Im renders 5[a] obvious. First, Tomita-Im renders obvious that, “in
a first operation mode, the first and fourth switches are turned on.” Tomita discloses
different modes of operation for the power source circuit, such as a “writing,”
“erasing,” “verifying,” and a “reading” mode. EX-1005, 7:30-34, 7:54-59. The
reading mode, for example, is a “first operation mode.” EX-1003, q126. In the
reading mode, Tomita discloses using low potential generation circuit 20 and
stepdown circuit 21 to supply, via switch circuit 6, a voltage of 5V or less to the gate
of memory cell 15. Id., 17:1-3, 17:4-14, Fig. 21. Transistor P1 in switch circuit 6

(the “fourth switch”) is therefore turned on, allowing the 5V-potential to be applied
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to the gate of the memory cell in the reading mode, as shown in blue traces below.

EX-1003, 126.
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In the reading mode (a “first operation mode™), transistor P2 in switch circuit
8 (the “first switch™) is also turned on so that cell bit current flows to the memory
cell via write transistor 13. EX-1005, 7:4-7 (“[W]hen reading data out from the

memory cell 15,” “a voltage of 5V is applied to ... the gate of the transistor 13.”);

EX-1003, q127.
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Further, in the reading mode, Tomita-Im “allow([s] the output voltage of the
regulator to be applied to the drain terminal of the memory cell.” As discussed in
Section V, supra, this limitation should be corrected to recite that the output voltage
of the regulator is to be applied to “the gate of the voltage applying transistor.”
Under this construction, Tomita-Im meets this limitation because, when the first
switch P2 in switch circuit 8 (see §VI.B.4(a)(ii1), supra) is on, it allows the output
VCPWS, and by extension VPB, of boost circuit 1 (the “regulator”) to be applied
to the gate of write transistor 13 (the “voltage applying transistor”) via decoder 12.
EX-1003, 9128. Application of the regulator’s output to the gate of the voltage
applying transistor is illustrated in green traces above.

Even if the Board disagrees with Petitioner’s proposed construction, Tomita-

Im would still render this limitation obvious. The specification of the ‘888 Patent
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describes applying the output voltage of a regulator to the gate of a voltage applying
transistor as a means to control a voltage applied to the drain terminal of a memory
cell. EX-1001, 4:61-67, 6:45-53, 7:13-22, 8:6-18; EX-1003, §129. There is no other
embodiment in the *888 patent that would support a claim requirement that the
regulator output be supplied to the drain of the memory cell. EX-1003, 129. As
such, if the Board finds that the embodiments in the specification support the claim
language as drafted, because Tomita-Im discloses applying the regulator output
(VCPWS and VPB) to the gate of transistor 13 and as a means to control the
application of a voltage to the drain of memory cell 15, Tomita-Im would meet this
limitation. /d.

(ii) 5[a][ii] the voltage different from the output of

the regulator to be applied to the gate of the
memory cell, and

Tomita-Im renders 5[a][ii] obvious because, as discussed for 3[b], the
potential output by stepdown regulator 21, which is limited to 5V or less in the
reading mode, is the “voltage different from the output of the regulator to be applied
to the gate of the memory cell” (i.e., memory cell 15). EX-1005, 17:1-3, 17:4-14,
Fig. 21; EX-1003, 4130; §VI.B.4(b)(i1), supra.

(iii) S[b]: in a second operation mode, the second
switch is turned on, allowing the output voltage

of the regulator to be applied to the gate of the
memory cell.
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Tomita-Im renders 5[b] obvious. In the writing, erasing, and verify modes,
transistor P2 in switch circuit 6 (the “second switch”) is turned on, allowing the
output voltage VCPWS, and by extension VSW, of boost circuit 1 (the “regulator”)
to be applied to the gate of memory cell 15, as illustrated with yellow highlights
below. EX-1005, 7:30-34 (“The boost circuit 1 outputs a high potential of, for
example, 11.5V when writing, erasing, and verifying data on the memory cell.”),
7:54-59 (“The stepdown circuit 3 “directly outputs an output potential VCPWS of
the boost circuit 1 when writing and erasing data on the memory cell” and “lowers
the potential VCPWS to, for example, 6V” “when verifying data.”); EX-1003, 131.
Accordingly, the writing, erasing, and verifying mode are each a “second operation

29

mode.” In each of these modes, the output voltage of the boost circuit 1 (the

“regulator”) is applied to the gate of the memory cell, as seen in the highlight below.
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(d) Claim 20. The semiconductor memory device of claim
3, wherein the voltage different from the output of the
regulator is an output voltage of a booster circuit.

Tomita-Im renders claim 20 obvious. As discussed in 3[b], charge pump is a
“booster circuit,” and therefore “the voltage different from the output of the regulator”

is an “output voltage of a booster circuit.” EX-1005, 7:30-34, 42-45.
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Modified Tomita Fig. 21 (left) and Im Fig. 5 (right)
(e) Claim 21. The semiconductor memory device of claim

1, wherein an output of a booster circuit is coupled to
a source terminal of the voltage applying transistor.

Tomita-Im renders claim 21 obvious because, as discussed in Ground 1
(§VI.A.2(b), supra), the output of (the “booster circuit™) is
“coupled a source terminal” of write transistor 13 (“the voltage applying

transistor”). EX-1005, 6:49-58, Figs. 2-4. 14:51-57, 16:53-59.
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C. Ground 3: Tomita in View of Nam Renders Claims 1, 3, 5, and 21
Obvious

1. Overview of Nam (EX-1006)
Nam is prior art under at least pre-AIA 35 U.S.C. §§102(a)-(b), having been

patented on May 13, 2008, and thus before the Critical Date. Nam was not
considered by the Examiner during prosecution of the *888 Patent.
Similar to Tomita, Nam discloses “[a] flash memory device and a voltage

generating circuit for the same.” EX-1006, Abstract, Fig. 1.

Fig. 1
100
70 30 10
/
Volt n
ol tage e )
Generating r--+4t-r-~--— Smlchmg Decoqlng Cell Array
) ; ! ( Unit Unit
Circuit i )
P ir
j 3 i it j~20
50 3 35 Column Selection Unit
ped 42 44
i U i s v
Vg, I I
f Write Sense L 40
Control ler J Driver Amplifier | |
| I
L% ] 1
Input/Qutput Buffer J~—50
/0

Nam Fig. 1

57



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

According to Nam, “ includes a plurality of memory
cells arranged at intersection regions where a plurality of rows, i.e., word lines, and
a plurality of columns, i.e., bit lines, are intersected with each other.” EX-1006,
3:46-49. Further, “voltage generating circuit 70 generates a plurality of constant
voltages needed for the program, erase, and read-out operations of the memory cell”
(id., 3:49-52), and “‘switching unit 31 selects one constant voltage among the
plurality of constant voltages generated by the voltage generating circuit 70.” 1d.,
3:56-58. Figure 2 of Nam illustrates the row selection unit 30 of Figure 1, including

switching unit 31.

Fig. 2
30
31
Switching Unit
VO
vi
i =l
VWLSEL1 ©> e
v2 =
VWLSEL2 © H—
V=1 . |_——31n-1
WWLSELn-1 ©> e
Vn
31n
WWLSELn ©> “,;I —
35
J
— WL
—0 WL2
X_ADD O— Decoding Unit .
— WLK
Nam Fig. 2

58



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

In Figure 2 of Nam, “[t]he MOS transistors 311, 312, 31n-1, and 31n act as
switches so that they receive a plurality of constant voltages VO, V1, V2, ..., Vn-1,
and Vn, respectively, and select to output one among the input constant voltages VO,
V1, V2, ... Vn-1, and Vn.” EX-1006, 4:27-33.

2. Implementing Tomita’s Switch Circuits in View of Nam’s
Switching Unit

It would have been obvious to implement Tomita’s switch circuits 6 and 8
using a plurality of transistor switches, as Nam discloses in switching unit 31.
Tomita discloses supplying different voltages (e.g., the “output potentials of the
stepdown circuits 3 and 21 and the power source potential VDD”) to the gate of
memory cell 15, for the operations of writing, reading, erasing and verifying. EX-
1005, 17:4-10. The gate voltages applied to memory cell 15 for writing and erasing,
for example, may be 11.5V and 0V, respectively. Id., 6:49-50, 6:59-63, 6:64-7:7,
Figs. 2-3.

Nam discloses a conventional implementation of such a switch circuit. EX-
1003, 9139. Like Tomita’s switch circuit 6 that “selects and outputs” “potentials in
accordance with the state of the cell” (write, read erase or verify) (EX-1005, 17:4-
10, 8:11-22), Nam discloses a switching unit 31 “select[ing] to output one among
the input constant voltages VO, V1, V2, ..., Vn-1,and Vn.” EX-1006, 4:27-36. For
example, when switch 312 is turned on, V2 will be applied to the gate of memory

cells in cell array 10. EX-1006, Fig. 1; EX-1003, 4139. When switch 31n is turned
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on, a voltage Vn will be applied to the gate of the memory cells in cell array 10. EX-
1003, 9139.

A POSITA would have found it obvious to implement Tomita’s word line
switch circuit 6 and switch circuit 8 with a plurality of transistor switches (e.g.,
311,312, ..., 31n), as disclosed in Nam’s Figure 2, as illustrated below. EX-1003,

q140.
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Fig. 2
30
3
5"~ VREF VEL/F)SLL1 2~BL i
Bl ot C.P Switching Unit
JraL VCPWS Vo
16”7 Re Y i
g. u_] | 4—311
WL/SLL:} PBL 4 VWLSEL1 ©> e
VRWL Reg. r Reg. v 5 | e
VHLSEL2 ©> B
| 4+—1—31n-1

S/A Vi

| +—1—31n

Vn-1 —T
WILSELn-1 ©> Tt
L
L=

WLSELn ©

~14

—[~15

Tomita Fig. 21 (left); Nam Fig. 2 (right)

A POSITA would have been motivated to implement Tomita’s switch circuits
6 and 8 using a plurality of transistor switches implemented in the manner described
in Switching Unit 31 of Nam’s Fig 2. EX-1003, 4141. Both Nam and Tomita are
directed to the field of voltage supply circuits for semiconductor memory devices,
the same field of the 888 Patent. EX-1005, 1:5-7; EX-1006, 1:15-17; EX-1003,
141. Tomita and Nam disclose common structures for generating and supplying
word line voltages, including (a) a switch circuitry that receives multiple inputs and
selects one of them, such as Tomita’s switch circuits 6 and 8 and Nam’s switching
unit 31; (b) a regulator such as Tomita’s WL/SL C.P.1 and Nam’s voltage
generating circuit 70; (c) a row decoder such as Tomita’s row decoder circuit 10
and Nam’s row decoding unit 35; and (d) a memory cell such as Tomita’s memory

cell 15 and Nam’s memory cell in cell array 10. These are the exact same structures
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claimed or shown in the 888 Patent. EX-1003, §141.

Nam and Tomita disclose similar motivations. Tomita discloses that, by
giving the switch circuit 6 an ability to choose from different potentials depending
on the state of the cell (e.g., write, erase, and read) while avoiding “an external high
voltage power source,” “the reliability of the cell can be improved.” EX-1005, 2:34-
35, 17:4-14, 8:41-51. Similarly, Nam discloses that reducing “[t]he fluctuation of
voltages generated by the voltage generating circuit” and “more accurately and
stably perform a program, an erase, and a read-out operation on the flash memory
device.” EX-1006, 3:33-37. A POSITA looking to improve the stability of the
different operations performed by a memory device by utilizing different power
sources as taught by Tomita would have looked to references like Nam for
implementation details of a switch circuit. EX-1003, 9142.

A POSITA would have had a reasonable expectation in implementing
Tomita’s switch circuits 6 and 8 using a plurality of transistors, configured as shown
in Switching Unit 31 of Nam’s Fig. 2, to select between one of several input signals
of the switch circuits 6 and 8 of Tomita. EX-1003, 9143. Tomita already discloses
having the switch circuits select from a plurality of different input potentials to
supply to the gate terminal of the memory cell 15. EX-1005, 17:4-10, 8:41-51; EX-
1003, 9143. The combination would involve no more than implementing Tomita’s

switch circuits 6 and 8 each with the circuit of Switching Unit 31 of Nam’s Figure
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2, driven by different gate voltages (e.g., VWLSELI1 through VWLSELn) and
allowing different drain voltages (e.g., VO through Vn) to be applied at the output of
the switch, as shown in Nam’s switching unit 31. EX-1003, 9143. The gate voltages
would be driven by Nam’s Decoding Unit 32 (Fig. 2), which correspond to decoder
10 of Tomita. Id. Indeed, a switch circuit comprising multiple switches connected
at a common node was a “conventional method” used for selecting and driving one
of several word line voltages to a memory cell. EX-1010, 2:10-39, 6:29-36, Fig. 2A;
§IL.D, supra.

Implementing Tomita’s switch circuits 6 and 8 with the circuit of Switching
Unit 31 of Nam’s Fig. 2 would require no other changes to Tomita’s existing
structure. EX-1003, q144. The output of the switch circuit 6, for example, would
be applied to row decoder 10 and applied to the gate of memory cell 15, in much the
same fashion as how the output of Nam’s switching unit 31 is supplied via decoding
unit 35 to the cell array. EX-1005, 8:11-29, 1:30-42, , 16:53-56, 14:53-59; EX-1006,
3:33-51, Figs. 1-2, 21; EX-1003, q144.

3. Analysis
(a) Claim1

(i) 1[pre]: A semiconductor memory device capable
of erasing and writing memory contents in a
memory cell using an electric signal, comprising:

Tomita discloses 1[pre] as discussed in Ground 1. See §VI.A.2(a)(1), supra.
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(i) 1[a]: the memory cell, one regulator, first and
second switches, and a voltage applying
transistor for applying a voltage to the memory
cell, wherein

As discussed in Ground 1, Tomita discloses , boost circuit
WL/SL C.P.1, and write transistor 13, which are the claimed “memory cell,” “one
regulator,” and “voltage applying transistor,” respectively. EX-1005, 7:25-42, 6:49-

53, Fig. 2; EX-1003, q146. The same description applies to Figure 21. Id., 16:53-

59, 14:51-57.
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C.P. 2~ 6 p
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© [Res WL/SL
3 PBL
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~ 67 S, W. v S/A
H-_qu veBl 12 VCPBL | |
write
20 21 VCOL é] _{ E\"l 3 transistor
¢ ¢ Y
VREF2[> Re [:
g 9 <~ _”:‘,st
FIG. 21 Dﬁ .
Tomita Fig. 21

In Tomita-Nam, switch circuits 6 and 8 each include a plurality of switches,
corresponding to each of the inputs received. EX-1005, 17:4-10, 8:40-49. For
example, in switch circuit 6, transistor 311, which may receive the regulator output

VSW, is a “second switch.” EX-1003, 9147.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)
Switch circuit 8 would be similarly constructed, and transistor 311 in Tomita’s

switch circuit 8, which receives VPB, is a “first switch.” EX-1003, q148.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,
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In Tomita-Nam, the output VCPWS of boost circuit WL/SL C.P. 1 (the
“regulator”) is coupled to inputs of the first and second switches in switch circuit 8
and switch circuit 6, respectively, as discussed in 1[a] above. EX-1005, 7:20-24,
7:50-52, 7:63-65; §VI.B.4(a)(i1), supra.

As discussed in Ground 1, the presence of intervening components, namely
stepdown circuits 3 and 4, does not undermine that the output of the boost circuit 1
(the “regulator”) is “coupled” to inputs of the first and second switches. See
§VI.A.2(a)(ii1), supra. And even if the Board finds that direct coupling is required
between the regulator output and the first and second switches, Tomita-Nam would
meet such a requirement because the output VCPWS of the boost circuit 1 (the
“regulator”) may be supplied “directly” for gates of transistor 13 and memory cell
15. EX-1005, 7:35-42, 7:54-59; VI.A.2(a)(i11), supra. The outputs of stepdown
circuits 3 and 4, VSW and VPB, respectively, are therefore each also an “output of
the regulator,” coupled to the first and second switches (e.g., transistors 311 from
Nam’s Figure 3 in switch circuits 8 and 6, respectively). EX-1003, 9150.

(iv) 1[c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,

Tomita-Nam renders 1[c] obvious because the output VPBL of the “first
switch” (e.g., transistor 311 in switch circuit 8, see §VI.C.3(a)(i1), supra) is coupled,
via decoder 12, to a gate of write transistor 13 (the “voltage applying transistor”).

EX-1005, 8:41-50; EX-1003, q151.
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(v) 1][d]: a voltage is applied from a drain terminal

of the voltage applying transistor to a drain
terminal of the memory cell, and

Tomita discloses 1[d] because, as discussed in Ground 1, write transistor 13

(the “voltage applying transistor”) applies the voltage it receives from its drain

terminal VCPBL to the drain terminal of . EX-1003, q152;
§VI.A.2(a)(v), supra.

(vi) 1]e]: an output of the second switch is coupled to

a gate of the memory cell for application of a
voltage.

Tomita-Nam renders 1[e] obvious because the output VWL of the “second
switch” (e.g., transistor 311 in switch circuit 6, see §VI.C.3(a)(i1), supra) is coupled,
via row decoder circuit 10, to a gate of for application of a voltage.

EX-1005, 8:11-21; EX-1003, 4153.
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(b) Claim 3

(i)  3[a]: The semiconductor memory device of claim
1, wherein: an output of a fourth switch is
coupled to the output of the second switch, and;

Tomita-Nam renders 3[a] obvious. As discussed for 1[a] (see §VI.C.3(a)(i1),
supra), Tomita-Nam’s switch circuit 6 comprises transistors 311 and 312, which
supply power sources VSW and the output of stepdown circuit 21, respectively, to
memory cell 15. Transistor 312 in switch circuit 6 is a “fourth switch,” and its
output is coupled to the output of transistor 311 (the “second switch). EX-1003,

1154; EX-1005, Fig. 21.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)
(i) 3[b]: a voltage different from the output of the

regulator is applied to the gate of the memory
cell.

Tomita-Nam renders 3[b] obvious. Tomita’s switch circuit 6 is “supplied with
output potentials of the stepdown circuits 3 and 21 and the power source potential
VDD” and “selects and outputs one of the three potentials” based on the state of
memory cell 15, such as write, read, erase, and verify. EX-1005, 17:4-10. The
output of stepdown circuit 21, for example, is a “voltage different from the output
of the regulator.” EX-1003, q155. As discussed in 1[b] (§VI.C.3(a)(iii), supra),
VCPWS and VSW are each “the output of the regulator.” EX-1005, 7:47-50, 7:54-
59; EX-1003, q155. Further, Tomita discloses that the Figure 21 embodiment “is
arranged to as to independently separate the function of generating a word line

potential when reading data, from the stepdown circuit 3” (EX-1005, 17:1-3),
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indicating that the voltage of the stepdown circuit 21 is “independently separate”
from the other voltages produced for switch circuit 6 to drive the wordline of the
memory cell. EX-1003, 9155. Thus, the output of stepdown circuit 21 is “a voltage
different from™ the output of the regulator (e.g., VCPWS and VSW). When switch
circuit 6 selects and outputs the output of stepdown circuit 21, it is “applied to the

gate of the memory cell.” EX-1005, Fig. 21; EX-1003, 9155.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

(¢) Claim 5.

(i) S[a][i]: The semiconductor memory device
of claim 3, wherein: in a first operation mode,
the first and fourth switches are turned on,
allowing the output voltage of the regulator to be
applied to the drain terminal of the memory cell
and;
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Tomita-Nam renders 5[a] obvious. First, Tomita-Nam discloses that, “in a
first operation mode, the first and fourth switches are turned on.” Tomita discloses
different modes of operation for the power source circuit, such as a “writing,”
“erasing,” “verifying,” and a “reading” mode. EX-1005, 7:30-34, 7:54-59. The
reading mode, for example, is a “first operation mode.” In the reading mode, Tomita
discloses using low potential generation circuit 20 and stepdown circuit 21 to supply,
via switch circuit 6, a voltage of 5V or less to the gate of memory cell 15. Id., 17:1-
3, 17:4-14, Fig. 21. Transistor 312 in switch circuit 6 (i.e., the “fourth switch”) is
therefore turned on, allowing the 5V-potential to be applied to the gate of the

memory cell in the reading mode, as shown in blue traces below. EX-1003, 4156.
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In the reading mode (a “first operation mode™), transistor 311 in switch circuit

8 (i.e., the “first switch”) is also turned on so that cell bit current flows to the
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memory cell via write transistor 13. EX-1005, 7:4-7 (“[ W]hen reading data out from
the memory cell 15,” “a voltage of 5V is applied to ... the gate of the transistor 13.”);

EX-1003, q157.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

Further, in the reading mode, Tomita-Nam “allow[s] the output voltage of the
regulator to be applied to the drain terminal of the memory cell.” As discussed in
Section V, supra, this limitation should be corrected to recite that the output voltage
of the regulator is to be applied to “the gate of the voltage applying transistor.”
Under this construction, Tomita-Nam meets this limitation because, when the first
switch in switch circuit 8 (see §VI.C.3(a)(iii), supra) is on, the output VCPWS, and
by extension VPB, of boost circuit 1 (the “regulator”) is applied to the gate of write

transistor 13 (the “voltage applying transistor”) via decoder 12. EX-1003, 4158.
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Application of the regulator’s output to the gate of the voltage applying transistor is
illustrated in green traces above.
Even if the Board disagrees with Petitioner’s proposed construction, Tomita-
Nam would still render this limitation obvious. The specification of the ‘888 Patent
describes applying the output voltage of a regulator to the gate of a voltage applying
transistor as a means to control a voltage applied to the drain terminal of a memory
cell. EX-1001, 4:61-67, 6:45-53, 7:13-22, 8:6-18; EX-1003, 9159. There is no other
embodiment of the *888 patent that would support a claim requirement that the
regulator output be supplied to the drain of the memory cell. EX-1003, §159. As
such, if the Board finds that the embodiments in the specification support the claim
language as drafted, because Tomita-Nam discloses applying the regulator output
(VCPWS and VPB) to the gate of transistor 13 and as a means to control the
application of a voltage to the drain of memory cell 15, Tomita-Nam would meet
this limitation. /d.
(ii))  S[a][ii] the voltage different from the output of

the regulator to be applied to the gate of the
memory cell, and

Tomita-Nam renders 5[a][ii] obvious because, as discussed for 3[b], the
potential output by stepdown regulator 21, which is limited to 5V or less in the

reading mode, is the “voltage different from the output of the regulator to be applied
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to the gate of the memory cell” (i.e., memory cell 15). EX-1005, 17:1-3, 17:4-14,

Fig. 21; EX-1003, 9160; §VI.C.3(b)(ii), supra.

(iii)

5[b]: in a second operation mode, the second

switch is turned on, allowing the output voltage
of the regulator to be applied to the gate of the
memory cell.

Tomita-Nam renders 5[b] obvious. In the writing, erasing, and verify modes,

transistor 311 in switch circuit 6 (the “second switch™) is turned on, allowing the

output voltage VCPWS, and by extension VSW, of boost circuit 1 (the “regulator”)

to be applied to the gate of memory cell 15, as illustrated with yellow highlights

below. EX-1005, 7:30-34, 7:54-59; EX-1003, q161.

Accordingly, the writing,

erasing, and verifying mode are each a “second operation mode.” In each of these

modes, the output voltage of the regulator WL/SP C.P. 1 is applied to the gate of the

memory cell, as seen in the highlight below.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)
(d) Claim 21. The semiconductor memory device of claim

1, wherein an output of a booster circuit is coupled to
a source terminal of the voltage applying transistor.

Tomita-Nam renders claim 21 obvious because, as discussed in Ground 1
(§VI.A.2(b), supra), the output of (the “booster circuit”) is
“coupled a source terminal” of write transistor 13 (“the voltage applying
transistor”). EX-1005, 6:49-58, Figs. 2-4. 14:51-57, 16:53-59.

D. Ground 4: Nakayama Anticipates Claims 1, 3, 5, and 20-21
1. Overview of Nakayama (EX-1007)

Nakayama is prior art under at least pre-AIA 35 U.S.C. §§102(a)-(b), having
been published in August 1989, and thus before the Critical Date. Nakayama was
not considered by the Examiner during prosecution of the 888 Patent.

Nakayama is directed to a non-volatile memory device such as an EEPROM.
EX-1007, Abstract. The memory cell in Nakayama’s EEPROM undergoes either an
“erase operation” or a “program operation.” EX-1007,911 (Section II.A). The high
level block diagram of Nakayama’s EEPROM is shown in Figure 4, which includes
various components such as a high voltage generator, a memory cell array, a row
decoder, and a column latch. EX-1007, 912 (Fig. 4). The structure of each
component 1s further shown in Figures 5 and 7. EX-1007, 913 (Sections III.A and
I11.B).

2. Analysis
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(a) Claim1
(i) 1[pre]: A semiconductor memory device capable

of erasing and writing memory contents in a
memory cell using an electric signal, comprising:

Nakayama discloses 1[pre] because Nakayama discloses a “256K EEPROM”
in which a cell is erased and programmed by the F-N tunneling mechanism. EX-
1007, 911 (Abstract), 915; EX-1001, 1:16-21; EX-1003, q9165-167.

(i) 1[a]: the memory cell, one regulator, first and
second switches, and a voltage applying

transistor for applying a voltage to the memory
cell, wherein

Nakayama discloses 1[a]. Nakayama shows a block diagram of the 256K
EEPROM in Figure 4, reproduced below. Nakayama discloses a memory cell
because Nakayama’s EEPROM includes, inter alia, a * [that]
consists of 16K words of 16 bits,” a column latch (purple), and a row decoder
(yellow). EX-1007, 912 (§III); EX-1003, 99168-169.

Nakayama’s EEPROM also discloses a ‘“high-voltage generator which
supplies Vpp and program-inhibiting voltages (Vwer, Varr).” EX-1007, 912 (§11I), Fig.

4; EX-1003, q170.
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Fig. 4. Block diagram of 256K EEPROM.

As shown in Nakayama’s Figure 7 below, the high-voltage generator circuitry

includes one regulator. EX-1007, 913 (§I11.B); EX-1003, q171.
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Fig. 7. Block diagram of high-voltage generator.

Nakayama’s column latch and row decoder circuit (i.e., Figure 5) and high-

voltage regulator (i.e., Figure 7) include transistors that act as switches. EX-1003,

9. For example, in Nakayama’s Figure 5, the “transistor T1” is a “first switch”

operating based on its gate voltage PGM. EX-1003, q172.
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Fig. 5. Circuit diagram of column latch and row decoder.

Further, Nakayama’s high-voltage generator (Figure 7 below) includes three
identical blocks, shown in dotted rectangles. The same circuit diagram shown in the
first dotted rectangle is repeated in the second and third dotted rectangles. EX-

1007, Fig. 7; EX-1003, 9173.
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In the expanded Figure 7 below, the second dotted rectangle is filled with the
same circuitry found in the first dotted rectangle. EX-1003, 9174. The expanded
block diagram for the high-voltage generator includes a transistor shown in green,

i.e., the claimed “second switch.” Id.
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The column latch and memory cell array in Nakayama include a transistor

shown in blue rectangle, which is a “voltage applying transistor” because, like the

voltage applying transistor 205 of the 888 Patent, it applies a voltage to

by transferring the voltage via its channel. EX-1007, Fig. 5; EX-1003, q175;

see also, EX-1001, Figure 2.
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(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,

Nakayama discloses 1[b]. One output of the regulator is coupled to the input
of the green transistor (the “second switch”), as indicated by the yellow-highlighted

line. EX-1007, Fig. 7; EX-1003, q176.

82



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

"one regulator"T

-———fk:HAnGE PUMP 1— Co ll : “E—<PGM

RESET. @
| oY : “"second
H Q@ . switch”

Iy

v RESET
Vepp
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Further, Nakayama discloses the output of the regulator is coupled to the
input of transistor T1 (the “first switch”), via Vgpi, as shown in the yellow
highlighted line in the two figures below. EX-1003, §177. Figure 7 shows that the

output of the regulator is coupled to Vpi, as shown in the yellow highlighted line:
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Figure 5 shows Vgpr 1s coupled to the first switch. EX-1003, q178.
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Accordingly, in Nakayama, the output of the regulator is coupled to the inputs
of both the purple transistor T1 in Figure 5 (“first switch”) and the green transistor
in Figure 7 (“second switch™).

(iv) 1]c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,

Nakayama discloses 1[c]. The output of transistor T1 (“first switch™) is
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coupled to a gate of the blue transistor (“voltage applying transistor”). EX-

1007, Fig. 5; EX-1003, 9180.
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Fig. 5. Circuit diagram of column latch and row decoder.

The portion of Figure 5 is magnified below to show its details. Specifically,
the output of transistor T1 (the “first switch”), shown in the red line, is coupled to

the gate terminal of the blue transistor (the “voltage applying transistor””). EX-1003,
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181. Accordingly, Nakayama discloses an output of the first switch is coupled to a

gate of the voltage applying transistor. Id.

"first switch"T 1 VBPI |

PLW
PGM

Vepp

"voltage

applying
transistor”

Vwep
Bit line->

-~

(v) 1][d]: a voltage is applied from a drain terminal
of the voltage applying transistor to a drain
terminal of the memory cell, and

Nakayama discloses 1[d]. As shown in the red rectangle below, a voltage is
applied from a drain terminal of the blue transistor (“voltage applying transistor’)

to a drain terminal of the memory cell. EX-1007, Fig. 5; EX-1003, 9182.
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(vi) 1]e]: an output of the second switch is coupled to
a gate of the memory cell for application of a
voltage.

Nakayama discloses 1[e]. An output of the green-highlighted transistor in
Figure 7 (“second switch™) is Vwep, as shown in the yellow-highlighted pathway

below. EX-1007, Fig. 7; EX-1003, 4184.
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Further, the output of the second switch, Vwep, is coupled to a gate of the
memory cell. EX-1007,913 (§111.B), Fig. 5. The word line voltage (Vwep) is applied
to the gate terminal of the memory cell via the channels of two transistors shown in

yellow highlight. EX-1003, 9185.

89




Petition for Inter Partes Review
U.S. Patent No. 8,593,888

PRE DECODER CLE

. pGM—D— | L,
i — Vepi
; 'S I % Q =]

ROW DECODER "voltage applying
transistor™

- e om oo wm owm owm o= -

Bit line~»
—t |« Source line

rft_
-+ 1 1™~ word line

. <CLE

il
o

s

m

-

e
»

™~ 1/0 line

Fig. 5. Circuit diagram of column latch and row decoder.

(b) Claim 3
(i) 3[a]: The semiconductor memory device of claim

1, wherein an output of a fourth switch is coupled
to the output of the second switch, and;

As discussed above for 1[e], Nakayama discloses that the output of the green
transistor (“the second switch™) is Vwpp. Nakayama also discloses a magenta

transistor (“a fourth switch”) whose output is labeled Vwep. EX-1007, Fig. 7; EX-
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1003, 9186. Accordingly, Nakayama discloses that the output of the fourth switch
is coupled to the output of the second switch, as shown in the yellow-highlighted

pathways below.

0OSC [— REGULATOR J—_l_.l : IW_"'r "f;Durth VwWPP
"one regulator"T 2Cc - @ switch”
Co : - 1< PGM
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RESET. @
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: - L——<PGM
2. s‘
| I I ¥ Vapl
Co ___<PGM
I2Co ’1
v RESET
Veep

Fig. 7. Block diagram of high-voltage generator.

(i) 3[b]: a voltage different from the output of the
regulator is applied to the gate of the memory
cell.

Nakayama discloses that the output Vpp of the regulator in Figure 7 is used to
derive the bit line supply voltages and word line supply voltages. EX-1007, 912

(Section IIT) (“[a] high-voltage generator which supplies Vrp”); EX-1003, 4187. As
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voltages, Vprp, Vwrp, and Vpp;, are generated

internally. Vapp (programming high voltage, Vrp) and Vapr (program-inhibiting

voltage, 1/3 Vpp) are applied to bit lines and Vypp is applied to word lines. Vwpp has

two different voltage levels that correspond to Vpp (erasing high voltage) and Vips

(program-inhibiting boltage, 2/3 Vpp).” EX-1007, 913 (Section 111.B).
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Block diagram of high-voltage generator.

Nakayama’s PGM signal in Figure 7 is either active-high (“PGM”) or active-

low (“PGM™). EX-1003, q188. In particular, when PGM is set to “L,” the green

transistor is turned on, the erasing high voltage of Vpp is supplied to the word line

92



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

as Vwpp. Id. On the other hand, when PGM is set to “H,” the magenta transistor is
turned on, the program-inhibiting voltage of 2/3 Vpp is supplied to the word line as
Vwep. Id. Nakayama illustrates this behavior in the signal diagram in Figure 6,
which has been highlighted in like colors to show the switch that has been turned on.

EX-1007, Fig. 6.

cLe __f =
pLw [\

BLR A__ [\

PGM T

Vpp
2/3aVpp
Vwpp __/-_\_/—L
vpp
Vapp / l _

1/3Vpp

|-— ERASE ——— PROGRAM —

Fig. 6. Clock timing diagram.

Veri

As such, when the magenta transistor is turned on, the word line supply
voltage (2/3 Vpp) 1s “a voltage different from the output of the regulator” (Vpp). EX-
1003, 9189. This voltage is applied to the gate of the memory cell as Vwpp, as shown

by the yellow-highlighted pathway spanning Figures 7 and 5 below.
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(¢) Claim5

(i) 5S[a][i]: The semiconductor memory device
of claim 3, wherein: in a first operation mode,
the first and fourth switches are turned on,
allowing the output voltage of the regulator to be
applied to the drain terminal of the memory cell
and;

To the extent the Board disagrees with Petitioner’s proposed claim
construction of 5[a][i] (§V, supra), Nakayama discloses this limitation. Nakayama
discloses a first operation mode when PGM is set to high (“H”). EX-1007, 913

(§III.A) (“In a program operation, as PGM is set to ‘H,’ all bit lines are precharged
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to Vapr through a transistor T1”). In this “program operation” mode, transistor
T1 (i.e., the “first switch™) is turned on. Id.; EX-1003, 9190. As a result, the blue

transistor (i.e., the “voltage applying transistor”) is turned on. EX-1003,9_ .
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J<ETE ¢ Y Bitline-
PGM >—[:
il
Fig. 5. Circuit diagram of column latch and row decoder. \ "

Likewise, in this “program operation” mode, the magenta transistor (the

“fourth switch) in Figure 7 is also turned on. EX-1007, Fig. 7; EX-1003, 4191.
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The signal diagram of Figure 6 shows the Vwpp supply voltage to the word

line is set to Vwps (at 2/3 Vpp), which further supports that the magenta transistor is

turned on in the program mode. EX-1007, Fig. 6; EX-1003, §192.
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Because the blue transistor (the “voltage applying transistor”) is turned on
by the Vspr voltage applied through transistor T1, the voltage Vspp, highlighted in
yellow below, is applied to a drain terminal of the memory cell. As Nakayama
discloses, the voltage Vapp is the “programming high voltage, Vpp,” that is, the output

of the voltage regulator itself. EX-1007, Fig. 5; EX-1003, 4193.

98



Petition for Inter Partes Review
U.S. Patent No. 8,593,888

PRE DECODER CLE CLE
E 1
, O3 st
ﬁ__rbl. Vaei T1 VBP| I
switch"T1 Vam P L w — \ Y E
PLW - 2 i N
PGM PGM>
Vlnn P—<¢ I
"voltage [
applying T2 ¢ VB PP
tvrans:stor" oy "voltage
WP -
Bit line| [BLR appl_ylng”
—4! l¢ Source line transistor
“~Word line prp
i Bit line—»
drain
1
Fig. 5. Circuit diagram of column latch and row decoder. \ -~

In sum, Nakayama discloses that, when the EEPROM is in a “program mode”

(a “first operation mode”), the purple transistor T1 (the “first switch”) and the

magenta transistor (the “fourth switch”) are turned on, allowing the “output voltage

of the regulator” to be applied to the drain terminal of the memory cell. Accordingly,

to the extent the Board disagrees with Petitioner’s proposed claim construction of
S[a][1] (§V, supra), Nakayama discloses this limitation.

(i)  S[a][ii]: the voltage different from the output of

the regulator to be applied to the gate of the
memory cell, and

Nakayama discloses 5[a][ii]. As discussed in 5[a][i] above, when the magenta
transistor (“the fourth switch™) is turned on, it causes the word line supply voltage

Vwep to be set to Viwer, which is at 2/3 Vep. EX-1007, Fig. 7; EX-1003, q195.
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Continuing to trace Vipp, as shown in Figure 5 of Nakayama, Vwep is applied

to the gate of the memory cell.

EX-1007, Fig. 5; EX-1003, 9196. Accordingly,

Nakayama discloses the voltage (2/3 Vpp), different from the output of the regulator

(Vpp), to be applied to the gate of the memory cell in a program operation.
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(iii) S[b]: in a second operation mode, the second
switch is turned on, allowing the output voltage
of the regulator to be applied to the gate of the
memory cell.

Nakayama discloses an “erase operation,” which is a “second operation mode.”
EX-1007, 913 (§III.A). In this “erase operation” mode, because PGM is set to ‘L’
the green-highlighted transistor (the “second switch”) is turned on (and the “fourth

switch” is turned off). EX-1003, q197.
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The signal diagram of Figure 6 shows that, when PGM is set to “L,” the Virp

supply voltage to the word line is set to Vpp, which further supports that the green

transistor (the “second switch™) is turned on.

EX-1003, 9198. Figure 6 also

demonstrates that the “erase mode” is in effect when PGM is set to “L,” as shown

below.
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Again, tracing Vypp in this “erase mode,” as shown in Figure 5 of Nakayama,
the voltage level Vpp 1s applied to the gate of the memory cell. EX-1003, 9199.
Accordingly, Nakayama discloses that, in a second operation mode (“erase
operation,” with PGM = “L”), the second switch is turned on, allowing the output

voltage of the regulator to be applied to the gate of the memory cell. Id.
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(d)

Nakayama discloses 21[a].
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Claim 21. The semiconductor memory device of claim

1, wherein an output of a booster circuit is coupled to
a source terminal of the voltage applying transistor.

Nakayama discloses in Figure 7 that Vgpp is

coupled to an output of the charge pump circuit (“booster circuit), as shown below

in dotted red rectangle. EX-1007, Fig. 7; §11.C, supra; EX-1003, §200.
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Vgpp, in turn, is coupled to a source terminal of the blue transistor (“voltage
applying transistor”), as shown below. EX-1003, 9201. Therefore, the output of the
booster circuit (the “CHARGE PUMP” of Fig. 7 of Nakayama) is coupled to the

source terminal of the voltage applying transistor.
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VII. MANDATORY NOTICES AND FEES
A. Real Party-In-Interest

The real party-in-interest for Petitioner is SK hynix, Inc.

B. Related Matters

The ’888 Patent was asserted against Petitioner in Advanced Memory
Technologies, LLC v. SK hynix Inc., Case No. 2:24-cv-01078-JRG (E.D. Tex., filed
August 21, 2024).

C. Counsel and Service Information

Electronic service may be made on the email addresses identified below and

in the accompanying Power of Attorney.
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E. Requirements for Inter Partes Review

Petitioner certifies that the *888 Patent is available for inter partes review, that
Petitioner is not barred or estopped, and that 35 U.S.C. §§315(a)-(b) is inapplicable.

VIII. CONCLUSION

For the reasons above, inter partes review is requested.

Date: August 22, 2025
Respectfully submitted,

By: /s/ James M. Glass

James M. Glass (Reg. No. 46729)
QUINN EMANUEL URQUHART
& SULLIVAN, LLP

295 5th Avenue, 9th Floor

New York, NY 10016

Tel: (212) 849-7000

Counsel for Petitioner
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that the word count for the foregoing Petition for inter partes review (excluding the
table of contents, table of authorities, mandatory notices, certificate of service or

word count, and appendix of exhibits or claim listing) totals 13,050 words, which is

within the word limit allowed under 37 C.F.R. § 42.24(a)(1).

Date: August 22, 2025 /s/ James M. Glass
James Glass (Reg. No. 46729)
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CERTIFICATE OF SERVICE

Pursuant to 37 C.F.R. §§ 42.6(e), 42.105(a), the undersigned hereby certifies
that a copy of this Petition and its respective exhibits were served via FedEx on the
correspondence address of record below indicated in the U.S. Patent Office’s Patent
Center for the 888 Patent:

Michael J. Cherskov
Szymon M. Gurda

903 COMMERCE DR
SUITE 310

OAK BROOK, IL 60523
UNITED STATES

Courtesy copies were also sent via electronic mail to Patent Owner’s counsel
of record in the related district court proceeding:

Justin A. Nelson

Email: jnelson@susmangodfrey.com
SUSMAN GODFREY LLP

1000 Louisiana Street, Suite 5100
Houston, Texas 77002

Kalpana Srinivasan

Email: ksrinivasan@susmangodfrey.com
SUSMAN GODFREY LLP

1900 Avenue of the Stars, Suite 1400
Los Angeles, CA 90067

Ian Gore

Email: igore@susmangodfrey.com
Kemper Diehl

Email: kdiehl@susmangodfrey.com
Bianca Rey

Email: brey@susmangodfrey.com
SUSMAN GODFREY LLP
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401 Union Street, Suite 3000
Seattle, Washington 98101

Ravi Bhalla

Email: rbhalla@susmangodfrey.com
Andrew Nassar

Email: anassar@susmangodfrey.com
SUSMAN GODFREY LLP

One Manhattan West, 50th Floor
New York, NY 10001

Claire Abernathy Henry

Email: claire@millerfairhenry.com
Andrea Fair

Email: andrea@millerfairhenry.com
MILLER FAIR HENRY PLLC
1507 Bill Owens Parkway
Longview, TX 75604

Date: August 22, 2025 /s/ James M. Glass
James M. Glass (Reg. No. 46729)
QUINN EMANUEL URQUHART
& SULLIVAN, LLP
295 5th Avenue, 9th Floor
New York, NY 10016
Tel: (212) 849-7000
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