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EX-1010 | [reserved]
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Instruments (2007)
https://www.ti.com/lit/an/slyt286/slyt286.pd{?ts=1752475078541 (“Tucker”)

EX-1014 | L. Guo, Design And Implementation Of Digital Controllers For Buck And

Boost Converters Using Linear And Nonlinear Control Methods,
Dissertation (2006), available at
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U.S. Pat. Appl. Pub. No. 2005/0232013 (“Kawai”)

EX-1021

U.S. Pat. Appl. Pub. No. 2010/0332858 (“Trantham™)

EX-1022

U.S. Pat. Appl. Pub. No. 2010/0205348 (“Moshayedi”)

EX-1023

U.S. Pat. Appl. Pub. No. 2008/0158915 (“Williams”)

EX-1024

J. Alberkrack, Theory and Applications of the MC34063 and uA78540
Switching Regulator Control Circuits, Motorola Semiconductor Application
Note AN920 Rev. 2 (1989) (“Alberkrack™)
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LIST OF CHALLENGED CLAIMS

Claim Limitation

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

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

I[b] |an output of the regulator is coupled to inputs of the first and second
switches,

1[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.

S[pre] | The semiconductor memory device of claim 3, wherein

5[a][1] |1in 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][11] | the voltage different from the output of the regulator to be applied to the
gate of the memory cell, and
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Claim Limitation

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.

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.

i
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I, Sunil P. Khatri, do hereby declare as follows:

I. INTRODUCTION

1. I have been retained on behalf of SK hynix, Inc. (“SK hynix” or
“Petitioner”) to testify as an expert in this Inter Partes Review (“IPR”) proceeding.
I am personally knowledgeable about the matters stated herein and am competent to
make this declaration.

2. I have prepared this declaration in connection with SK hynix’s related
petition for IPR of U.S. Patent No. 8,593,888 (the “’888 patent,” EX-1001), which I
am informed is being filed concurrently with this declaration. I have been asked to
provide certain opinions relating to the patentability of the *888 patent. Specifically,
I have been asked to provide my opinion regarding whether claims 1, 2, 4, and 5 of
the 888 patent (“the Challenged Claims”) are invalid as obvious in view of the prior
art.

3. I receive compensation at an hourly rate of $850 per hour for my time
working on this matter, plus expenses. I have no financial interest in SK hynix or in
the patents involved in this litigation, and my compensation is not dependent on the
outcome of this litigation. The conclusions I present are due to my own judgment.

II. BACKGROUND AND QUALIFICATION
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4. I have over thirty-five years of experience with electronics, electrical
engineering, and computer engineering. A copy of my latest curriculum vitae (CV)
is attached hereto as Appendix A and provides further details regarding my room
and board background and qualifications.

5. During my career, | have acquired extensive knowledge and experience
with VLSI circuits, computer architecture, testing, computer-aided design (CAD)
algorithms and algorithm acceleration, logic synthesis, semiconductor memory,
redundancy, synchronous and asynchronous circuits, and related software and
hardware topics. Most relevant to the Asserted Patents, my technical expertise
includes extensive work with semiconductor memory devices such as DRAM,
SRAM and flash. My work with semiconductor memory devices has included work
on 3D integration and novel ring-based memory architectures, power and speed
tradeoffs using selective body bias, architectures and circuit approaches for
processing-in-memory, radiation hardening analysis for memories, the use of flash
transistors for designing logic circuits (such as ternary Content-addressable
Memories (CAMs), Field Programmable Gate Arrays (FPGAs), and traditional
binary-valued as well as ternary-valued digital logic, secure logic circuits, analog

circuits like Finite Impulse Response (FIR) filters, Discrete Fourier Transform

(DFT) circuits, and in-memory mixed-signal computing architectures like
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Convolutional Neural Networks (CNNs)), and clocking and source-synchronous
design. I recently was awarded a research grant by the Air Force Research
Laboratory (AFRL) in Rome, NY, to conduct research in secure digital circuits using
flash-based digital design approaches. Another recent research grant from the
National Science Foundation (NSF) will fund research on the use of flash transistors
for general purpose mixed-signal arithmetic. Additionally, I have lead-authored a
book chapter on the use of flash transistors in novel Very Large Scale Integrated
(VLSI) design applications. My MS thesis involved designing a memory interface
for a multi-threaded Reduced Instruction Set Computing (RISC) microprocessor.

6. The following describes some of my relevant experience. I earned my
Bachelor of Science in Electrical Engineering in 1987 from the Indian Institute of
Technology, Kanpur, India. After graduating with my B.S. degree, [ was a candidate
for a Master of Science degree in Electrical and Computer Engineering at the
University of Texas from 1987-89. At the University of Texas, 1 held the
Microelectronics and Computer Development (MCD) Fellowship from 1987-89. 1
also conducted my M.S. research and wrote my thesis on the design of the METRIC
memory interface and memory system. METRIC was one of the first super-scalar

processors that was developed in the world. I earned an M.S. degree in 1989 from

the University of Texas, Austin.
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7. After leaving the University of Texas, I worked at Motorola Inc. from
1989-93 as a design engineer for the MC88110 reduced instruction set computing
(RISC) microprocessor team. My duties included the design of digital and analog
circuitry, test logic and circuits, JTAG boundary scan design, input/output driver
design, and clock phase-locked loop (PLL) logic. During my time at Motorola, I was
independently responsible for the design of the factory test controller of the
MC88110 microprocessor. I performed all attendant tasks in a “vertical” VLSI
design methodology, which included high-level modeling, circuit and layout design
and verification, as well as global and detailed routing. I also helped in the design of
the Translation Lookaside Buffer (TLB) unit, which included a static random-access
memory (SRAM) block.

8. In 1999, 1 earned a Doctor of Philosophy degree in Electrical
Engineering and Computer Sciences from the University of California, Berkeley.
While at Berkeley, I held the California Microelectronics (MICRO) Fellowship in
1993.

9. I joined the faculty at the University of Colorado, Boulder, in 2000 as

an Assistant Professor of Electrical and Computer Engineering. At the University of

Colorado my research focused on VLSI logic design automation, VLSI layout design
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automation, and VLSI design methodologies to address Deep Submicron (DSM)
issues such as crosstalk and power.

10. I joined the faculty at Texas A&M University in 2004 as an Assistant
Professor in Electrical and Computer Engineering. In 2010 I was promoted to
Associate Professor in Electrical and Computer Engineering. In 2015, I was
promoted to full Professor in Electrical and Computer Engineering. My research
focuses on three primary areas: the first is computer systems, including computer
architecture from the circuits up, and algorithm acceleration using GPUs, FPGAs
and custom ICs. The second is logic and its applications, while the third area consists
of interdisciplinary extensions of the first two. Some specific recent research topics
include circuit design using floating gate (flash) devices, wireless power delivery
and battery-less electronic systems, machine learning architectures, secure
computing approached from both a hardware and software perspective, a formal
framework for designing and verifying cryptographic hash functions, and extreme
high-speed serial interfaces for Artificial Intelligence / Machine Learning (AI/ML)
systems such as those used in Large Language Models (LLMs) like ChatGPT. One

of my new focus areas is intelligent and secure computing viewed from the hardware

(circuit) as well as the software levels. I have conducted research on tamper-proof
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memory techniques, as well as multi-row read architectures for SRAM, DRAM and
flash memory arrays.

I1. At Texas A&M 1 teach classes that cover memories extensively,
featuring thorough discussion of sense amplifiers, row and column decoders, and
different types of memory circuits. For example, in Electrical and Computer
Engineering (ECEN) 752 “Advances in VLSI Circuit Design,” a graduate level
course, I cover all aspects of VLSI design, including memory design for various
types of memories. In this course, (and also in ECEN 449/749 “Microprocessor
System Design,”), I cover memories, including flash memories, the design of flash
memory cells, the organization of memories into multiple banks, and the division of
data across multiple banks of memory, as well as other design techniques that can
be used to optimize and manage memories. The ECEN 449/749 course is attended
by both undergraduate (ECEN 449) and graduate (ECEN 749) students. In ECEN
454 “Digital Circuit Design,” a senior undergraduate course, I cover circuit design
techniques for memory in detail. The Ph.D. thesis dissertation topic for 3 of my
current Ph.D. students covers the use of flash memory transistors for analog and
digital applications. The Ph.D. thesis of one of my recent doctoral students dealt

with the use of flash transistors to design logic circuits. The research of a recent M.S.

student entailed a new ring-based source synchronous architecture for 3D DRAM
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technologies, which has been published at a conference and in a journal and is being
submitted for dissemination as a research monograph. In the past, I have conducted
research into new topologies for efficient memory redundancy as part of a course
project for my graduate course.

12.  Since 2000, I have earned 24 research contracts from funders including
Intel, the National Science Foundation, the National Security Agency, Altera
Corporation, the National Center for Atmospheric Research, National
Semiconductor Corporation, and several private sources. The total amount for these
research grants is $17.53 million, of which my portion is $2.85 million.

13. 1 have a total of over 289 peer-reviewed publications. Among these
papers, five received a best paper award, while seven others received best paper
nominations (including one journal best paper nomination). An additional six journal
papers and three conference paper are currently undergoing peer review. | have co-
authored nine research monographs, one edited research monograph, and four book
chapters. Additionally, I have seven awarded U.S. Patents (two of which were filed
during my tenure at Texas A&M), two filed provisional U.S. Patents, and another
U.S. Patent which is currently under review and was also submitted during my tenure

at Texas A&M. 1 have co-authored one invited journal paper and 13 invited

conference or workshop papers (including one from Design Automation Conference
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(DAC) and one from Allerton). Moreover, I was invited to serve as a panelist at a
conference seven times and have presented four conference tutorials. I received the
“Outstanding Professor Award” in the ECE Department at Texas A&M University
in 2007 and also in 2020. In 2009 and in 2019, I received a university-level and a
college-level teaching award respectively, at Texas A&M. My H-index is 36 (per
Google Scholar).

14.  Since 2003, I have published numerous research monographs, journal
papers, and conference papers on flash transistors and memory systems, as detailed
in my CV attached in Appendix A. A few papers on relevant subject areas authored
or co-authored by me include:

. "Flash - A "Forgotten" Technology in VLSI Design". Khatri,
Vrudhula, Abusultan, Bharathi, Chu, Lee, Scott, Singh, Wagle.
Appears "Frontiers of Quality Electronic Design (QED)". Springer
publishers, Sept 2022. Pages 67-136. Ali Iranmanesh, Ed. ISBN: 978-
3-031-16344-9;

. “Flash — An Overlooked Technology in VLSI Design”, Khatri,
Vrudhula. Monday Tutorial to be presented at the ACM/CEDA
Design Automation Conference (DAC), San Francisco, CA, June
2024;

. "A Mixed-Signal Quantized Neural Network Accelerator Using Flash
Transistors", Scott, Lee, Khatri, Vrudhula. IEEE Transactions on
Circuits and Systems I: Regular Papers, vol. 71, no. 3, pp. 1025-1038,
March 2024;

. "An ASIC Accelerator for QNN With Variable Precision and Tunable
Energy-Efficiency", Wagle, Singh, Khatri Vrudhula. IEEE
Transactions on Computer-Aided Design of Integrated Circuits and
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Systems, Jan 2024;

. "A Digital Low Dropout (LDO) Voltage Regulator Using Pseudoflash
Transistors", Lee, Khatri. IEEE Transactions on Very Large Scale
Integration (VLSI) Systems, vol. 31, no. 12, pp. 1960-1969, Dec.
2023;

. "A Novel ASIC Design Flow using Weight-tunable Binary Neurons as
Standard Cells", Wagle, Singh, Khatri, Vrudhula. IEEE Transactions
on Circuits and Systems I (Regular Papers), 69(7): 2968-2981 (Sept
2022);

. "CIDAN-XE: Computing in DRAM with Artificial Neurons", Singh,
Wagle, Khatri, Vrudhula. Frontiers in Electronics, section Integrated
Circuits and VLSI. vol. 3, Feb 2022;

. "An Extremely Low-Voltage Floating Gate Artificial Neuron", Scott,
Khatri. 2023 IEEE International Conference on Circuits and Systems
(ISCAS), May 21-25, 2023. Monterey, CA;

. "A Novel Pseudo-Flash Based Digital Low Dropout (LDO) Voltage
Regulator”, Lee, Khatri, Vrudhula. 2023 International Symposium on
Quality Electronic Design (ISQED), April 5-7 2023. San Francisco,
CA;

. "A Flash-based Digital to Analog Converter for Low Power
Applications”, Scott, Khatri. IEEE 40" International Conference on
Computer Design (ICCD), October 2022. Lake Tahoe, CA. pp 1-8;

. "A Flash-based Current-mode IC to Realize Quantized Neural
Networks", Scott, Lee, Khatri, Vrudhula. IEEE Design Automation
and Test in Europe Conference, Mar 2022, Antwerp, Belgium. pp
1029-1034;

. "CIDAN: Computing in DRAM with Artificial Neurons", Singh,
Wagle, Vrudhula, Khatri. 39th IEEE International Conference on

Computer Design (ICCD) 2021, pp 349-356, Oct 2021, virtual
conference;

. "A Statistical Methodology for Post-Fabrication Weight Tuning in a
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Binary Perceptron”, Azari, Wagle, Khatri, Vrudhula. IEEE 21st
International Symposium on Quality Electronic Design (ISQED)
2020. Mar 25-26, 2020, Santa Clara, CA. pp 141-148;

. "Threshold Logic in a Flash", Wagle, Singh, Yang, Khatri, Vrudhula.
37th IEEE International Conference on Computer Design (ICCD),
2019. Abu Dhabi, UAE, pp 550-558. Nov 17-20, 2019;

. “Fast, Ring-based Design of 3D Stacked DRAM”, IEEE Transactions
on Very Large Scale Integrated Circuits (TVLSI), IEEE Transactions

on Very Large Scale Integration (VLSI) Systems. Vol 27 number 8,
Aug 2019. pp 1731-1741.;

. “Fast, Ring-Based Design of 3D Stacked DRAM”, IEEE International
Conference on Computer Design 2017: pp 665-672;

. “Selective Forward Body Bias for High Speed and Low Power
SRAMs”, Journal of Low Power Electronics, Vol. 5, No. 2, Aug. 2009,
pp. 185-95;

. “Low Power and High Performance SRAM Design using Bank-based

Selective Forward Body Bias”, IEEE/ACM Great Lakes Symposium
on VLSI, May 10-12, 2009, Boston, MA, pp. 441-44;

. “Modeling Dynamic Stability of SRAMs in the Presence of Single Event
Upsets (SEUs)”, 1IEEE International Symposium on Circuits and
Systems, May 18-21, 2008, Seattle, WA, pp. 1788-91;

. “Design of a Flash-based Circuit for Multi-valued Logic”, Proceedings
of the Great Lakes Symposium on VLSI (GLSVLSI) 2017, pp 41-46,
May 10-12, 2017. Banff, Canada.

. "SAT-Based Optimization for Flash-Based Digital Designs”,
IEEE/ACM Design Automation Conferenec (DAC), Jun 18-22 2017,
Austin, TX.

. "A  Flash-based Digital Circuit Design Flow", TEEE/ACM
International Conference on Computer-Aided Design (ICCAD) 2016,
Austin, TX, Nov 2016.

10
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. "Implementing low power digital circuits using flash devices", 2016
IEEE 34th International Conference on Computer Design (ICCD), pp
109-116, Oct 3-5, 2016, Phoenix, AZ.

. "Exploring Flash Devices to Implement Digital Circuits", [IEEE/ACM
Design Automation Conference (DAC), June 2016, Austin, TX.

. “FTCAM: An Area-efficient Flash-based Ternary CAM Design”, IEEE
Transactions on Computers, Vol. 65, No. 8, Aug. 2016, pp. 2652-58;

. “An Area-efficient Ternary CAM Design Using Floating Gate
Transistors”, IEEE International Conference on Computer Design,
Oct. 19-22, 2014, Seoul, S. Kor., pp. 55-60; and

. “A Fast Ternary CAM Design for IP Networking Applications”,
International Conference on Computer Communications and Networks,
October 22, 2003, Dallas, TX, pp. 434-39 (awarded best paper).

15. Inaddition to my work on the papers listed above, I have also served as
an editor for IEEE Transactions on Computers, ACM Transactions on Design
Automation of Electronic Systems, and MDPI Journal of Electronics.

16. Ihave served as EDA Track Co-Chair for ICECS 2014, Panel Chair for
TexasWISE 2014, Track Co-Chair (VLSI Systems, Applications and Computer
Aided Design track) for ICECS 2013, Poster Session Chair for TexasWISE 2013,
Advisory Committee for HotPI 2013, Panel Session Chair for SLiP 2013, Track
Chair (Logic track) for ICCAD 2009-10, 2015-17, Track Chair (logic track) for DAC
2016-17, General Chair for IWLS 2009, Technical Program Chair for IWLS 2008,
Track Co-Chair, Computer Aided Network DEsign (CANDE) Track, for ISCAS

2008-10, Track Co-Chair, Test and Methodologies Track, for ICCD 2007, Panel

11
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Chair for ITSW 2009, Publicity Co-Chair for GLS-VLSI 2009, and as a member of

the TPC for several conferences.

17.

I am generally familiar with the analysis of patents. I am a named

inventor on the following U.S. Patents:

18.

U.S. Patent No. 5,347,523 “Data Processing System Having Serial Self
Address Decoding and Method of Operation,” issued September 13,
1994 (“the *523 patent”);

U.S. Patent No. 5,408,131: “Circuit Identifier for Use with Focused Ion
Beam Equipment,” issued April 18, 1995 (“the 131 patent”);

U.S. Patent No. 5,448,182: “Driver Circuit with Self-Adjusting
Impedance Matching,” issued September 5, 1995 (“the *182 patent”);

U.S. Patent No. 6,156,579: “Circuit Identifier for Use with Focused Ion
Beam Equipment, , issued December 5, 2000 (“the *579 patent);

U.S. Patent No. 6,598,215: “Datapath Design Methodology and
Routing Apparatus,” issued July 22, 2003 (“the °215 patent™);

U.S. Patent No. 7,880,505: “Low Power Reconfigurable Circuits with
Delay Compensation,” issued February 1, 2011 (“the 505 patent”); and

U.S. Patent 12,057,831: “Threshold logic gates using flash
transistors,” issued August 2024 (“the *831 patent”).

The ’831 patent mentioned in the bullet above discloses a method to

design logic gates which implement a class of logic functions called threshold

functions, using flash transistors.

19.

The *131 and ’579 patents mentioned in bullets above are directed to

an identification means for redundant circuits that distinguishes said circuits by

12
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respective function. This allows for identification by focused ion beam equipment,
which can then repair, replace, or supplement circuits as necessary. These patents
disclose a scheme for replacing defective cells or circuits within a larger circuit.

20. The ’182 patent mentioned in the bullet above relates to a driver circuit
capable of switching from one driving impedance to a second in response to the
output signal of a first driver portion reaching a predetermined voltage. It discloses
a driver circuit capable of adjusting circuit configurations depending upon the

current output state.

III. SCOE OF ASSIGNMENT AND MATERIALS CONSIDERED

21.  Counsel for SK hynix has informed me of the following legal standards.
[ am not an attorney, and [ am relying only on instructions from SK hynix’s attorneys
for these legal standards.

A.  Person of Ordinary Skill in the Art

22. 1 understand that issues of claim construction and invalidity are
analyzed from the perspective of a person of ordinary skill in the art (“POSA”).

23. 1 understand that a POSA is a hypothetical person who is used to
analyzing the prior art without the benefit of hindsight. A POSA is presumed to be

one who thinks along the lines of conventional wisdom in the art.
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24. I understand that the hypothetical POSA is presumed to have
knowledge of all references that are sufficiently related to one another and to the
pertinent art, and to have knowledge of all arts reasonably pertinent to the particular
problem that the claimed invention addresses.

25. Tunderstand that factors considered in determining the level of ordinary
skill in the art at the time of an invention include (1) the type of problems
encountered in the art; (2) the prior art solutions to those problems; (3) the
educational level of active workers in the field; (4) the rapidity with which
innovations are made; and (5) the sophistication of the technology. 1 further

understand that the inventors’ specific levels of skill are not relevant to this inquiry.

B. Claim Construction

26. Ihave been informed by counsel that the Patent Trial and Appeal Board
(“PTAB”) applies the same claim construction standard used in district courts, where
the claims are given their ordinary meaning as understood by one skilled in the art
at the time of the invention, informed by the claim language itself, the specification,
and the prosecution history. I also understand that “extrinsic evidence”—i.e.,
evidence other than the patent and prosecution history—can be relevant in
determining how a POSA would understand terms of art used in the claims. I have

been informed, however, that extrinsic evidence may not be used to contradict the
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meaning of the claims as described in the intrinsic evidence—i.e., evidence in the

claim language itself, the specification, and the prosecution history.

C.  Presumption of Validity

27. lunderstand that a granted patent is presumed to be valid. [ understand
that the presumption of validity can be overcome if clear and convincing evidence
is presented that proves the patent is invalid.

D. Anticipation

28. I understand that a prior art reference “anticipates” an asserted claim,
and thus renders the claim invalid, if all elements of the claim are disclosed in that
prior art reference, either explicitly or inherently (i.e., necessarily present or
implied). This means that every element of an asserted claim is explicitly or
inherently within the four corners of the prior art reference.

E. Obviousness

29. 1 understand that even if a patent claim is not anticipated, it is still
invalid if the differences between the claimed subject matter and the prior art are
such that the subject matter, as a whole, would have been obvious at the time the
invention was made to a person of ordinary skill in the pertinent art.

30. I understand that a person of ordinary skill in the art provides a

reference point from which the prior art and claimed invention should be viewed.
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This reference point prevents one from using his or her own insight or hindsight in
deciding whether a claim is obvious.

31. I also understand that an obviousness determination includes the
consideration of various factors such as (1) the scope and content of the prior art, (2)
the differences between the prior art and the asserted claims, (3) the level of ordinary
skill in the pertinent art, and (4) the existence of secondary considerations or
objective indicia of obviousness or non-obviousness.

32. Tunderstand that an obviousness determination can be based on a single
prior art reference or a combination of multiple prior art references or the knowledge
of one of ordinary skill in the art. I understand that the prior art itself may provide a
suggestion, motivation, or reason to combine or modify the teachings of the prior
art, or that such a reason may come from other sources, such as the knowledge of a
person having ordinary skill in the art, common sense, and market forces. I

understand that the following rationales may support a finding of obviousness:

. combining prior art elements according to known methods to
yield predictable results;

. simple substitution of one known element for another to obtain
predictable results;

. use of known technique to improve similar devices (methods, or
products) in the same way;

. applying a known technique to a known device (method or
product) ready for improvement to yield predictable results;
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. “obvious to try” - choosing from a finite number of identified,
predictable solutions, with a reasonable expectation of success;

. known work in one field of endeavor may prompt variations of
it for use in either the same field or a different one based on
design incentives or other market forces if the variations are
predictable to one of ordinary skill in the art;

. some teaching, suggestion, or motivation in the prior art that
would have led one of ordinary skill to modify the prior art
reference or to combine prior art reference teachings to arrive at
the claimed invention.

33. I understand that an obviousness determination requires a reasonable
expectation of success in achieving the claimed invention.

34. I understand that secondary considerations or objective indicia of
obviousness or non-obviousness may include (1) a long felt but unmet need in the
prior art that was satisfied by the invention of the patent; (2) commercial success or
lack of commercial success of processes covered by the patent; (3) unexpected
results achieved by the invention; (4) praise of the invention by others skilled in the
art; (5) the taking of licenses under the patent by others; (6) deliberate copying of
the invention; (7) teaching away; and (8) the simultaneous invention of the claimed
subject matter. I also understand that there must be a relationship between any such
secondary considerations and the invention. 1 further understand that
contemporaneous and independent invention by others is a secondary consideration

supporting an obviousness determination.
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35. I understand that any secondary considerations or objective indicia
must bear a nexus to the claimed invention. Where the offered secondary
consideration actually results from something other than what is both claimed and
novel in the claim, there 1s no nexus to the merits of the claimed invention. I further
understand that the patentee bears the burden of demonstrating that the relevant
commercial success is attributable to the claimed invention, as opposed to other
economic and commercial factors unrelated to the technical quality of the patented
subject matter.

36. Tunderstand that whether a prior art reference “teaches away” from the
claimed invention is a fact to be considered in determining obviousness. [ understand
that it is improper to combine references where the references teach away from their
combination. However, I understand that the nature of the teaching is highly relevant
and must be weighed in substance—a known or obvious composition does not
become patentable simply because it has been described as somewhat inferior to
some other product for the same use. Furthermore, I understand that the prior art's
mere disclosure of more than one alternative does not constitute a teaching away
from any of these alternatives because such disclosure does not criticize, discredit,

or otherwise discourage the solution claimed.

IV.  GENERAL BACKGROUND OF THE RELEVANT TECHNOLOGY
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37. 1 understand that the earliest-filed foreign application from which the
’888 Patent claims priority is dated March 10, 2010 (“Critical Date™). In this Section,
without necessarily agreeing that the ‘888 Patent is entitled to priority to this Critical
Date, I provide the general background of the relevant technology at the time of the
Critical Date.

38.  Volatile memory technologies, such as static random access memory
(“SRAM”) and dynamic random access memory (“DRAM?”), lose their contents
when power is turned off. However, persistent (non-volatile) memory is needed for
many applications, such as storage for photos in a digital camera, bootable code or
settings in desktops, laptops or cellular phones, and a wide range of other
applications. Non-volatile memories (e.g., thumb drives, hard drives, and compact
discs) can store information even after the system is powered off. Traditionally,
media such as hard disks, floppy disks, compact discs, or magnetic tapes was used
for non-volatile storage in computing systems, but these media are large, bulky, and
slow, and use a large amount of power. Flash memory is a specific type of non-
volatile memory, where data is stored in “blocks™ of “pages.” Flash memory chips
have come to be used for persistent data storage in a wide range of applications.

Data stored in flash memory persists across power on/off cycles and has a small size,

high performance, and low power consumption.
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39. I discuss below some of the pertinent and foundational technologies

used in non-volatile memory devices.

A.  Memory Cells and Voltage Applying Transistor

40. A memory cell (MC) can store data as either “0” or “1.” EX-1011,
[0006]. 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-1011, [0007], Fig. 2; EX-1018, 4:48-52; EX-1019, 1:53-58. In the example
illustrated in Tanzawa’s Figure 2, shown below with annotations, the gate terminals
of memory cells MC (highlighted yellow) in the same row are all connected to one
of the word lines WLO, WLI, ... WLn, and the drain terminals of memory cells in
the same column are all connected to one of the bit lines BLO, ... BLm. EX-1011,

[0007], Fig. 2; EX-1019, 1:55-59.!

I All annotations are added unless indicated otherwise.
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bit lines
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41. Further, memory operations such as read, write (program), or erase can
be performed on a subset of the memory cells at a given time. 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.
The bit line may be controlled by a “select transistor,” which is connected in series
with the source terminal of the memory cell(s). Shor illustrates an example of a

“select transistor 130 in Figure 1. EX-1019.
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42. Shor teaches that, “[b]ased on the address of a memory cell to be
programmed, an Xdecoder 200 (“XDEC”) may determine which WL 110 to access
and may provide voltage to the selected WL 110. All other WLs may be maintained
at ground (GND) during PGM. A Y-Muliplexor 300 (“YMUX” or “YM”) may
access the BL 120 via a select transistor 130, providing positive voltage to the
enabled BL 120.” EX-1019, 2:7-14.

43. The *888 Patent also acknowledges that the foregoing was known in the

art. According to the 888 Patent, in memory devices such as “electrically erasable
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programmable read only memory (EEPROM),” which existed long before the
Critical Date, “the memory contents in memory cells can be erased and rewritten
using electric signals.” EX-1001, 1:15-21 (background). Further, the *888 Patent
specifically identified a prior art, Japanese Patent Publication No. 2008-217914
(“Nakauchi™).

44. Nakauchi was published on Sep. 18, 2008. EX-1007, 1; EX-1008
(certified English translation of Nakauchi). Figure 2 of Nakauchi discloses one
embodiment of “a NOR-type flash memory device 100,” which includes “a plurality

of ,> “a plurality of voltage supply transistors 204,” and a

“regulator circuit 203.” EX-1008, [0018], Fig. 2 (annotated below on the left).

(Figure 2] [Figure 9]
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45. In addition to Figure 2, Nakauchi discloses another embodiment:
“NOR-type flash memory device 1000.” EX-1008, [0049], Fig. 9 (annotated above
on the right). Instead of a single regulator circuit, the second embodiment in
Nakauchi adds a second regulator, “regulator circuit 1101,” marked with dotted red
box above. Nakauchi’s second embodiment uses fwo distinct regulators to supply
the voltage supply transistors 204 and the , respectively. 1d., Fig.

9.

B.  Supply Voltages for A Memory Cell (Wordline Voltages)

46. Memory cells are controlled by different levels of gate voltages,
depending on the memory operation required (e.g., read, verify, write/program,
erase). EX-1019, 1:14-21; EX-1011, [0016]-[0017]. Several of these voltages are
“higher than the power supply voltage supplied from the exterior,” and so “booster
circuits [are used] for boosting the power supply voltage ... and one of the outputs
of the plurality of booster circuits is ... selected by use of a switch and the selected
output is applied to the control gate electrode of the memory cell.” EX-1011, [0017].
In general, a high voltage is required for programming or erasing data from the
memory cell. EX-1018, 1:19-37. The voltage applied to the gate terminal of the
memory cell is also known as the word line voltage. EX-1019, 1:55-57. Additional

voltages are applied to the drain or source terminal of the memory cell (bit line
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voltage) or to the select transistor. Shor provides the following table listing voltage

levels required for various memory operations. EX-1019, Table 1.

WL BL Select
Operating Voltage Voltage BL Current per cell Transistor
Mode V) (V) (A) Voltage (V)
READ 4 2 10u (programmed bit) 4-6
60u (erased bit)
PROGRAM 10.5 4-6 250u 10.5
(stepped
at 200mV)
ERASE -7 46 In 10.5
stepped

47. 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
address provided. EX-1019, Fig. 1 (Xdecoder XDEC 200); EX-1011, Fig. 16,
[0111] (Row Decoder 49); EX-1018, Fig. 2, 4:45-48 (decoder 200); EX-1008, Fig.
I (Row Decoder 104). The foregoing general structure for powering various
components of the memory cell array was ubiquitous before the Critical Date.

C. Voltage Regulator

48. 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. A voltage regulator receives an input voltage and

“regulates” it to an output voltage of a desired level.
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49. There are different types of regulators. 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-1023, [0004]; EX-1021, [0029]; EX-1022, [0061]; EX-1024, 2
(General Description). A regulator can operate as either a step-up or a step-down
regulator, depending on how an inductor, an energy storage element, is arranged in

the circuit. EX-1024, 15-16; EX-1015, Figs. 1-2; EX-1014, 2-5. Exemplary buck

converter and boost converter are illustrated below:

lin Inductor

- NN N X
v +
Vin ——— Diode Capacitor LoadéVout

Figure 1.1 Buck Converter

Inductor Diode
Y YY) »

Ll

Ep— Gate
Vin ——— Drive Capacitor .~ Load < Vout

N\

Figure 1.5 Boost converter
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EX-1014, 2-5

Wi ._0/’

Moyt

1

Figure 1. Buck converter topology.

VN MU_N_I' Vour
+

1

Figure 2. Simple boost converter.

EX-1015, Figs. 1-2
50. Notably, 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. For example, Shor discloses
that it would be desirable to have a “circuit capable of driving the WL/select
capacitive loads and efficiently driving high currents to the BL at a lower voltage,
while avoiding the necessity of having two distinct positive charge pumps” to

“reduce the number of charge pumps required.” EX-1019, 2:53-61.
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51. 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-1019, 2:16-22
(“High Voltage charge pump 400 may provide a regulated 10.5V” to the word line);
EX-1018, 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”). A charge pump is often used for its high efficiency. EX-1023, [0068]-

[0069] (“conversion efficiencies approaching 100%”); EX-1017, Sect. 7.1
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(describing a “Switched-Capacitor Boost Regulator” circuit which operates using a

charge pump with a “charge phase” and a “pump phase™).

D. Switch Circuits

52.  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). For example, in Shor, a switch 460 is used to control whether the voltage
supplied from multimode pump 450 is applied to the word line 110 and the gate of

the select transistor 130. EX-1019, Fig. 2, 5:38-63.

" MULTIMODE |
PUMP — -
(SELF REGULATED) -
\\450
VPPD(4-7.5V SUPPLY)
BGREF e————{+ — ]
-600
460 >\ VCVP(10.5V SUPPLY)
200 \{YMUXT——' ——\1
- 1408 120
XDEC TS0 {
140A —] 2100
F1G.2
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53.  As another example, Nam discloses a “switching unit,” which includes
“a plurality of p-type MOS transistors 311, 312, each “act[ing] as switches” and
“select[ing] to output one among the input constant voltages VO, V1, V2 ...” EX-
1005, 4:27-29, Fig. 2. Based on an “externally applied address X ADD,” a specific
“word line among the plurality of word lines” is selected, “to which the selected
constant voltage is applied.” [Id., 4:37-39. The selecting of the word line is
performed by a row decoder (“decoding unit 35”, which “selects a word line among
the plurality of word lines™). Id., 4:37:42. Nam is able to distribute different

voltages to the selected word line because its plurality of switches (311, 312, ... 31n)

are connected in parallel, with a common output terminal (circled in red).
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31

Switching Unit

VO
Vi
L —311
'
WILSEL1 © "n_J
V2
1312
WWLSEL2 &> f~/
Vn-1
—1—31n-1
WWLSELn-1 > f——//
Vn
| —1 31in
WWLSELn > n ]
4
35
> WL1
O WL2
X_ADD o— Decoding Unit
——> WLK

54. Implementing a switch circuit with transistors connected such as shown
above, to select between one of several signals, was common. E.g., EX-1009, 6:29-
36, Figs. 4-5; EX-1005, 4:29-33. Each transistor receives a control signal at its gate,
and when the chosen transistor is turned “on,” it connects the electrical terminals of
its drain and source.

V. OVERVIEW OF THE ’888 PATENT

A.  ’888 Patent Specification (EX-1001)
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55. 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.

FIG2
200
)
105
- !---'--".
VPP2 ; 5
: BOOSTER | i
; —  CReuIT 208 |
104 : :
/‘ E 202 VPP1- E
"voltage applying E :;Lc ——T ——OVREF |
transistor 205" E ! ~ 201 E
,.‘.':.'.'.':.‘.‘: E »7 E
r\d103 EVreg\ E
L1022 v
A <Y N ;
i row | :
'l DECODER [Ti :
: v 204 :
101 o~ :

56.  First, rather than using two regulators, the ‘888 Patent proposes using
one regulator. EX-1001, 1:40-41 (“[A]ccording to the present disclosure, the two
regulators are combined.”). Specifically, 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.
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“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.

FIG2
200
/
105
j SN SLERED NSNS (R i FL ShEE SR GLED SN ER fh S En Gben . r-------‘.
VPP2 ' E
: BOOSTER | i
: — “orour 208
104 “first switch i
: /" 202" 2{02 VPP1- :
"voltage applying |}]205 |_ ' ; REGLN ATOR ——OVREF |
transistor 205"  |i ¥;I i - L :
=== -:::_‘: E 2 201 E
E"~103 ineg\ E
: : i
- L~ Vprg '
: E "second E
_i_ ROW ! switch 203" !
: DECODER [t '
~101 = :
............................................ J

57. Second, in addition to the first and second switches, the 888 Patent
introduces a fourth switch 204, which is coupled to “the booster circuit 208”
(shown 1n 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. In other words, the output

ends of the second and fourth switches are tied together, as shown below, allowing
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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.

FIG2
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/
105
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--------- : / E "second E
20‘(£|H_L R switch 203" :
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101 switch 204" E

-------------------------------------

58.  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.

B.  Prosecution History (EX-1002)

59. 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.
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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.

VI. PERSON OF ORDINARY SKILL

60. 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.

61. As set forth in my Background and Qualifications section above, and
in my attached CV, I met and exceeded this definition from before the Critical Date
of March 10, 2010, and therefore my opinions expressed in this declaration apply.

VII. CLAIM CONSTRUCTION

62. 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
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a claim can be corrected in construing the claim); Amazon.com, Inc. v. Nokia
Technologies Oy, IPR2024-00921, Paper 11 at 11.

63. 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,” 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. Neither claim 1 nor claim
5 provides any connection via which the regulator output in the first operation mode
1s 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.

64. 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 . EX-1001, 4:61-5:3, Fig. 2.
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65. 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. 1d., 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).

66. 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,
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i.e., via booster circuit 208 and transistors 205 and 206. But such an interpretation
would be 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. 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. I understand claims must be interpreted with an eye toward giving
effect to all terms in the claim and thus such an interpretation would be disfavored.
67. 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,
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claim 5 (the only claim affected by this construction) is invalid as discussed in

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.

68.

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.

VIII. INVALIDITY ANALYSIS

69.

In my opinion, claims 1, 3, 5, 20, and 21 of the ‘888 Patent are invalid

under the following Grounds:

Ground | Basis Reference(s) Claims
| Anticipation Tomita 1 and 21
2 Obviousness Tomita in view of Im 1,3,5,20,and 21
3 Obviousness Tomita in view of Nam | 1, 3, 5, and 21
4 Anticipation Nakayama 1,3,5,and 21
70. My understanding of the relevant dates of the four references, which

qualify as prior art, is summarized below:

Reference Date
Tomita May 25, 1999 (issue date)
Im January 5, 2009 (filing date)
Nam May 13, 2008 (issue date)
Nakayama Aug. 1989 (publication date)
A. Ground 1: Tomita Anticipates Claims 1 and 21

1. Overview of Tomita (EX-1004)
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71. 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.

72. Tomita discloses “a power source circuit ... used for a non-volatile

semiconductor memory.” EX-1004, 5:56-60. Ground 1 focuses on Tomita’s power

source circuit shown in Figure 4:

VREFV|wL/sL BL
VREF C.P —~—1 2~ Cp
) VCPWS
5 Y
Jwesst] | pBL
Reg. - “| Reg. ek
e - ! switchlcircuit 8"
"power sc:/if 5 Gol SB\% 8
sveitch cirguit 6" gLW S. W. \7 ™
' _)’6 VPBL| 1, VCPBL
veoL| —L~13 ‘fa'%l.;“
Dc/ -] [1’»1 4
FlG. 4 | Yo ™
z - N

Dﬁg |

Tomita Fig. 4
73. 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
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provides an output potential VCPWS to stepdown circuits 3 and 4. EX-1004, 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. Id., 7:20-29, 7:46-53, 7:60-8:2. The output
potential VCPWS of the boost circuit 1 1s “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 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—toa“ ,” a “column select transistor 14,” and a “write transistor
13,” respectively. I1d., 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:

74.  Tomita discloses a semiconductor memory device capable of erasing

and writing memory contents in a memory cell using an electric signal. In Figure 4,
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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-1004, 5:56-60, 7:8-16, 7:30-34, 7:17-18.

VREFV {wL/sL BL
5 VCPWS
5 y
JWL/S PBL
Reg. 3 ' Reg. 4
R, W— ‘erB
VSW ¥
¥ Col gah ~ 8
WL S W. .
S. W, /
6 VPBL 12 VCPBL
VCOL| 1y D L~13
= —C~s

FIG. 4 L_10
ng[>" IIC~15
]

Tomita Fig. 4

75.  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-1004, 1:5-7; EX-1001, 1:16-21 (Background section
stating that in “nonvolatile memory such as electrically erasable programmable read
only memory (EEPROM),” “the memory contents in memory cells can be erased

and rewritten using electric signals.”). Tomita thus discloses a semiconductor
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memory device capable of erasing and writing memory contents in a memory cell
using an electric signal.
(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

76. Tomita discloses 1[a]. Tomita discloses . EX-1004,
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-1004, 7:20-24, 7:47-50; Sect. IV.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-1004, 7:30-34.

VREF C.P 1 2~ e p.
5 VCPWS
5 y
IWL/S PBL
Reg. 3 ' Reg. 4
VSW Y
Col | (|55 }«3
WL S W. T 7
S. W. 7
6 VPBL| 5 VCPBL

veoL| =
FIG. X _10
o4 d(fng[\;, {[C~1s

Tomita Fig. 4
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77. Tomita’s switch circuits PBL S.W. 8 and WL S.W. 6 comprise “first

9

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-
1004, 8:12-22, 8:40-49.

78. 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-1004, 6:52-53.

Tomita’s Figure 2 demonstrates a voltage being applied to the memory cell via write

transistor 13. EX-1004, 6:49-50; Fig. 2.

8. 5V [:—»13 write

transistor
11. 5v—] qmm

b OV

1. 5vH|C~15
!

FIG. 2

Tomita Fig. 2

(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,
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79. 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-
1004, 7:20-24 (“[i]n a boost circuit WL/SL C.P. 1, the output potential VCPWS is
supplied to” stepdown circuits 3 and 4); 7:50-52 (“[a]n output terminal of the
stepdown circuit 3 is connected to an input terminal of a power source switch circuit

WL SW6”); 7:63-65 (“an output terminal of the stepdown circuit 4 is connected to

an input terminal of a power switch circuit PBL SWS); Fig. 4.

VREF C.P 1 2~ e p.
5 VCPWS
5 y
IWL/S PBL
Reg. 3 ' Reg. 4
VSW Y
Col | (|55 }«3
WL S W. T 7
S. W, 7
6 VPBL| 5 VCPBL

VCOL| 1y [:5 L~13

A
L _ —L_~14
FI1G. 4 VWD_JO |
[J/<j9 —[[~15
Tomita Fig. 4

80. The presence of intervening components, namely stepdown circuits 3

and 4, does not undermine that the output VCPWS of the boost circuit 1 (the
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“regulator”) is “coupled” to inputs of the first and second switches. A POSITA
would understand that, in an electrical circuit design such as the one the ‘888 Patent
is directed to, the plain ordinary meaning of the term “coupled” includes both direct
and indirect connections. Consistent with the ordinary meaning, the ‘888 Patent uses
the term “coupled” to include a connection that has intervening components. E.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.”).

81.  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-1004, 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-1004, 7:54-59. 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.

(iv) 1]c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,
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82. 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-1004, 8:41-50, 2:20-22. As discussed in
Section VIII.A.2(a)(ii1), supra, the presence of an intervening component, decoder

12, does not undermine that the first switch is “coupled” as claimed under its plain

and ordinary meaning.
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Tomita Fig. 4

(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
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83. 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

VREFV [wL/s BL
VREF cpoo 2™ ¢.p.
5 VCPWS
5 Y
SIWL/SL| PBL
Reg. 31 > Reg. 4
A ‘rVPB
VSW ’ PBL
¥ Col S.W 8
ng S.W. \7
e\ g VPBL| {5 VCPBL
%4 ~13
VGOL 11 write transistor
N !
ml ]\/ {[~14
[~ |

Tomita Fig. 4
84. Tomita discloses that “write transistor 13 serves to control a drain
voltage of the ” (EX-1004, 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. 1d., 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.
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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.

85. 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-1004, 8:11-21, 8:22-

26 (The “row decoder 10 is provided with power source terminals ... [which] are
connected respectively to the output terminals of the power source switch circuits
6”); id., 1:40-42 (The “row decoder circuit 10 supplies a potential supplied from the
power source switch circuit 6, to a selected word line.”); Fig. 4. As discussed in
Section VIII.A.2(a)(i11), 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.

86. Tomita discloses claim 21. Tomita discloses a boost circuit BL C.P.
2 (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-1004, 7:42-46.
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87.  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 boost circuit 2 to a source terminal of the write transistor 13

(“the voltage applying transistor”). EX-1004, 6:49-50.
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88.  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. 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-
1004, 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
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at its source terminal. Accordingly, Tomita discloses the “high 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-1004)

89.  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-1004, 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 VREFS5 with VREFS5’, the only difference being that
VREFS5’ operates only when required to reduce the power consumption. /d., 15:61-
67, 16:47-52.

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

as in Figure 4 and other figures in EX-1005. Id., 16:53-56, 14:53-57.
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91.  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. Id., 17:11-14.

2. Overview of Im (EX-1009)
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92. 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-1009. Im was not
considered by the Examiner during prosecution of the *888 Patent.

93. 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.

Id., 6:14-36, Fig. 4, 6:53-7:18.

FIG. 4
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94.  According to Im, “the wordline voltage generating unit 110 can always
generate and maintain [the different wordline voltages], even in standby, so as to

immediately perform a read operation without delay.” Id., 6:46-52.

3. Combining Tomita with Im

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

95. 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-1004, 17:4-10. The voltages
applied for writing and erasing, for example, may be 11.5V and 0V, respectively.
ld., 6:49-50, 6:59-61, 6:64-7:7, Figs. 2-3.

96. Im discloses a conventional implementation of such a switch circuit, in
switch unit 120. Im’s switch unit 120 includes multiple switches (including switches
121 through 123) “for switching the first through third wordline voltages.” EX-1009,
6:29-36, Figs. 3-5. For example, when switch 121 (P1) is turned on, Vreadl will be
applied to the memory cell. /d., 6:53-59. When switch 122 (P2) is turned on, Vread2

will be applied as the wordline voltage to a memory cell. 1d., 6:60-64.
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FIG. 4 FIG. 5
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97. 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 -
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FIG. 5
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Tomita Fig. 21 (left); Im Fig. S (right)

98. A POSITA would have been motivated to implement Tomita’s switch
circuits 6 and 8 using a plurality of transistor switches. Tomita and Im are in the
same field of endeavor, i.e., power sources and voltages for “flash memory” designs
(EX-1004, 1:5-13; EX-1009, 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.

58
SK hynix Ex. 1003, Page 65 of 146



Declaration of Sunil P. Khatri, Ph. D.
IPR2025-01449
U.S. Patent No. 8,593,888

99. Im’s disclosures of wordline generation circuit supplement Tomita.
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-
1004, 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-1009, 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.

100. 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. 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-1004, 17:4-10 (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 in accordance with
the state of the cell”), 8:41-51. 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
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Im’s Figure 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. 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-1009, 2:10-26,
2:30-39, Fig. 2A; Sect. IV.D, supra.

101. 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.
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 unit 120
1s supplied via row decoder 130 to a memory cell. EX-1004, 7:35-41, 16:53-56,
14:53-57; EX-1009, 5:17-27, Fig. 3-5.

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

102. 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.
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103. As discussed in Section VIIL.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-

1004, 16:53-59, 17:1-3.

5~ VREF |— ‘WL/SLL,1 9~|BL
C.P. ~c.Pp.
-~ ; VCPWS
16 Reg.
~iL/SL 3 PBL |4
vVRWL eg. ’ Reg.
177 RWL VSW_ o 4 i
Sy ) 7 PBL
S/A ol | 15w 8
19 TvrFwL WL | Shd =
~ 67S. W. S/A
| 8 vPBY 12 VCPBL
| ﬂ ~13
20 21 veoL| 11
I'"V"'W'LT'} pd —{[~14
VL
1| VREF2>| Reg [ QJO
el I 9 —{[~15
FIG. 21 Dﬁ

104. 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 power source VWL to be a certain level or a lower level.” EX-1004, 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.
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105. 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-1009, 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. /d., 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.

FIG. 4
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| 118 ! ——+ FouRtH 124
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! REGULATOR |! P
o : "
'| CHARGE Wread3] i| THRD |128
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vread AETS N bl
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CONTROL CIRCUIT  |—140
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106. 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. The proposed modification

1s 1llustrated below in dashed lines:

5’1 VREF > WCL/PS 1 2 ELP
RWL — VCPWS —
167 Reg o ¥
. »HL/S 3| ~PBL 4
VVRWL Reg. Reg.
T A VPB
- Y
17 EHL VSW AN PBL
19 r--t---- > : T
| 18 || VPB
20 21 | VGOLdn
pm—— ¢ ; il
:Chargel_r. W ]| |= VAL

E_Pump Reg 9 -q-'}'o
FIG. 21 [
Modified Tomita Fig. 21

107. As an initial matter, Tomita states that stepdown circuit 21 “lowers and
outputs the power source potential VDD (EX-1004, 16:66-67)” and ensures that “no
higher voltage than 5V is applied to the word line.” EX-1004, 17:11-14. From this,
a POSITA would understand that the VDD of the Tomita circuit is 5V and that

VREF2 is a boost circuit that outputs a voltage higher than 5V. A charge pump
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would have been an obvious choice of design for the boost circuit. /d. A charge
pump is a well-known boost circuit (see Sect. IV.C, supra), and Tomita already
discloses using charge-pump boost circuits—such as boost circuits 1 and 2 (e.g., EX-
1004, 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
reference potential generation circuit. /d., 16:53-55. A POSITA would understand
that a charge-pump based boost-circuit design, such as one based on switched
capacitors, 1s well suited to be used as a “low power consumption type reference
potential generation circuit.” EX-1016, Abstract (disclosing a “charge pump circuit”
that produces a “voltage much higher than a supply voltage”), [0003]; EX-1017, 1,
9 (a switched capacitor voltage boosting operation used as a regulator, based on
“switched capacitor[s]” or “flying capacitor[s]”).

108. 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. As
discussed above, Tomita and Im are in the same field of endeavor, i.e., power sources

and voltages for “flash memory” designs EX-1004, 1:5-7; EX-1009, 1:16-18.

Tomita and Im disclose similar motivations. Tomita seeks to improve reliability of
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read operations by adding the stepdown circuit 21 and “separat[ing] the function of
generating a word line potential when reading data.” EX-1004, 17:1-14. Tomita
thus discloses the motivation for driving the gate of memory cells with a range of
different voltages. EX-1004, 14:40-50, 15:28-32, 17:1-14. Im furthers Tomita’s
goal by disclosing a wordline voltage generation circuit that increases the speed and
reliability of read operations. EX-1009, 6:46-52.

109. 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-1009, 1:64-2:9; EX-
1005, 1:59-2:8. 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-1009, 1:66-2:9; EX-1005, 1:62-2:8. 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.

110. The modification would have provided a predictable benefit. 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. Specifically, by directly receiving the output of VREF20, Tomita’s
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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. The wider range of
read voltages would have improved device reliability and performance.

111. A POSITA would have had a reasonable expectation in implementing
VREF?2 as a charge pump capable of bypassing stepdown circuit 21, as disclosed in
Im. 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-1009, 6:29-36,
Fig. 4-5. 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.

112. No other modification is needed for the rest of the Tomita’s wordline
path. 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-1004, 7:35-41, 16:53-56, 14:53-57; EX-1009, 6:29-36.

4. 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:

113. Tomita discloses 1[pre] as discussed in Ground 1. See Sect.
VIIL.A.2(a)(1), supra.
(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

114. 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-1004,
7:25-42, 6:49-53, Fig. 2; Sect. VIII.LA.2(a)(i1). The same description applies to

Figure 21. Id., 16:53-59, 14:51-57.
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115. In Tomita-Im, switch circuits 6 and 8 each include a plurality of
switches, corresponding to each of the inputs received. EX-1004, 17:4-10 (switch 6
receives VDD and outputs of stepdown circuits 3 and 21), 8:40-49 (switch circuit 8
receives VPB and VDD). 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.”
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116. Switch circuit 8 would be similarly constructed, and transistor P2,

which receives VPB, is a “first switch.”
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Tomita Fig. 21 (left) and Im Fig. S (right)

(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,
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117. 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-1004, 7:20-24,
7:50-52, 7:63-65; Sect. VIII.B.4(a)(i1), supra.

118. 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
Sect. VIII.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-1004, 7:47-50, 7:35-42, 7:54-59; VIII.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).

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

119. Tomita-Im renders 1[c] obvious because the output VPBL of the “first

switch” (e.g., transistor P2 in switch circuit 8, see Sect. VIII.B.4(a)(ii1), supra) is
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coupled, via decoder 12, to a gate of write transistor 13 (the “voltage applying

transistor”). EX-1004, 8:41-50.
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Tomita Fig. 21 (left) and Im Fig. S (right)
(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

120. Tomita discloses 1[d] because, as discussed in Ground 1, write
transistor 13 (the “voltage applying transistor”) applies the voltage it receives from
1ts drain terminal VCPBL to the drain terminal of . EX-1004, 6:51-
59, Fig. 2; Sect. VIIL.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.

121. Tomita-Im renders 1[e] obvious because the output VWL of the

“second switch” (e.g., P2 in switch circuit 6, see Sect. VIIL.B.4(a)(ii1), supra) is
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coupled, via row decoder circuit 10, to a gate of for application of
a voltage. EX-1004, 8:11-26, 1:40-42 (The “row decoder circuit 10 supplies a
potential supplied from the power source switch circuit 6, to a selected word line.”),

8:22-26 (The “row decoder 10 1s provided with power source terminals ... [which]

are connected respectively to the output terminals of the power source switch circuits

6”); Fig. 4.
FIG. 5
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Tomita Fig. 21 (left) and Im Fig. S (right)

(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;

122. Tomita-Im renders 3[a] obvious. As discussed for 1[a] (see Sect.

VIIL.B.4(a)(i1), supra), Tomita-Im’s switch circuit 6 includes transistors P2 and P1,
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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-1004, Fig. 21.
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S/A
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123.  Alternatively, when Tomita is further modified, as discussed in Section
VIIL.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-1004, Fig. 21.
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Modified Tomita Fig. 21 (left) and Im Fig. 5 (right)
(i)  3[b]: a voltage different from the output of the

regulator is applied to the gate of the memory
cell.

124. Tomita-Im renders 3[b] obvious. Tomita’s switch circuit 6 1s “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-1004, 17:4-10.
The output of stepdown circuit 21, for example, 1s a “voltage different from the
output of the regulator.” As discussed in 1[b] (Sect. VIIL.B.4(a)(ii1), supra), VCPWS
and VSW are each “the output of the regulator.” EX-1004, 7:47-50, 7:54-59.
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-1004, 17:1-3), indicating that the voltage of
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the stepdown circuit 21 is “independently separate” from the other voltages

produced for switch circuit 6 to drive the wordline of the memory cell. Thus, the

output of stepdown circuit 21 1s “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-1004, Fig.

21.

5’“4 VREF}* WL/SL}~ 1 2~|BL
C.P. VCPWS e.P.
16~ EWL '
eg.
WL/
VRWL Reg. |3 I_’E?Q. / e
| PB Output
7 PBL |._g of 21
S.W.
WL S. W
3. vPBL 12 VCPBL STA
~13
VCOL| 11
I —_~—
VIL| 10 14
—][~15

FIG. 5
120
a4
-——omeees Vwell
Vi &= 3
Vread3 &
Viead2 DO——————
Viead! O——— P4
Cii &= JF
-
o] =" qF =
(o= -
- CII_PE"‘—‘[ Second switch
[s)= q T
P1

L Na

Tomita Fig. 21 (left) and Im Fig. S (right)

125. In addition, when Tomita is further modified, as discussed in Section

VIIL.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-1004, 7:54-59. When switch circuit 6 selects and outputs the output
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of charge pump 20, it is “applied to the gate of the memory cell,” as illustrated below.

EX-1004, Fig. 21.
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$/A P3 | Fourth switch
veel 12 VCPBL 2o 4E5;
~13 [ R= =
veoL| 11 i'ﬂ
VWL 10 ~ L Na

Modified Tomita Fig. 21 (left) and Im Fig. 5 (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;

126. 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-1004, 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

76
SK hynix Ex. 1003, Page 83 of 146



Declaration of Sunil P. Khatri, Ph. D.

IPR2025-01449

U.S. Patent No. 8,593,888

to supply, via switch circuit 6, a voltage of 5V or less to the gate of memory cell 15.
1d., 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 to the gate of the

memory cell in the reading mode, as shown in blue traces below.

FIG. 5 20
yavd
5’“' VREFI— VEL{PSL-\J 2~JBL ’
- . P. VCPWS C.P. | Vi O - Vwell
1677 Re
g. Vread3 &
WL/SL,
VRWL IReg. 3 ’_’ EE‘& / Vieadd D—————————
VSW 7 PBL | g of 21 o= 4F
6 ng_ sl S S/A e 1653
AL VPB 12 VCPBL 2> i'l EP2
~13 1D ]
VeoL| 11 © :,!'1—
| "
: 9 [ [~15 ’
Fla. 21 [

Tomita Fig. 21 (left) and Im Fig. S (right)
127. 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-1004, 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.”).
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128. 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 VII, 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 Sect. VIII.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. Application of the regulator’s output to the gate of the voltage applying
transistor is illustrated in green traces above.

129. Even if the Board disagrees with Petitioner’s proposed construction,

Tomita-Im would still render this limitation obvious. The specification of the ‘888
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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. 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. 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.

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

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

130. 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-1004, 17:1-3, 17:4-14,
Fig. 21; Sect. VIIL.B.4(b)(i1), 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.
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131. 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-1004, 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.”).
Accordingly, the writing, erasing, and verifying mode are each a “second operation

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

“regulator”) 1s applied to the gate of the memory cell, as seen in the highlight below.
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T vl 12 VCPBL 2> :{ Epz-—-=
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Tomita Fig. 21 (left) and Im Fig. S (right)
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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.

132. 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-1004, 7:30-34, 42-45.

FIG. 5
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] Eibe e i
WL S W T o= 4 [
6 | S.W. S/A Cops Fourth switch
veBl| 12 VCPBL 2o = ‘
veoL| 11 c °||) :
. . VL[ 10 14 T Na
- s [>— {[~15 b
L
FIG. 21 ['}“—

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.

133. Tomita-Im renders claim 21 obvious because, as discussed in Ground
1 (Sect. VIII.A.2(b), supra), the output of boost circuit BLL C.P. 2 (the “booster
circuit”) is “coupled a source terminal” of write transistor 13 (“the voltage applying

transistor”). EX-1004, 6:49-58, Figs. 2-4. 14:51-57, 16:53-59.

C. Ground 3: Tomita in View of Nam Renders Claims 1, 3, 5, and 21
Obvious
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1. Overview of Nam (EX-1005)

134. 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.

135. Similar to Tomita, Nam discloses “[a] flash memory device and a

voltage generating circuit for the same.” EX-1005, Abstract, Fig. 1.
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136. According to Nam, “ includes a plurality of
memory cells arranged at intersection regions where a plurality of rows, 1.e., word
lines, and a plurality of columns, i.e., bit lines, are intersected with each other.” EX-
1005, 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.” Id., 3:56-58. Figure 2 of Nam illustrates the row selection unit 30 of Figure 1,

including switching unit 31.

Fig. 2
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Nam Fig. 2
137. 1In 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-1005, 4:27-33.

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

138. 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-
1004, 17:4-10. The gate voltages applied to memory cell 15 for writing and erasing,
for example, may be 11.5V and 0V, respectively. 1d., 6:49-50, 6:59-63, 6:64-7:7,
Figs. 2-3.

139. Nam discloses a conventional implementation of such a switch circuit.

99 ¢¢

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-1004, 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-1005, 4:27-36. For example,
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when switch 312 is turned on, V2 will be applied to the gate of memory cells in cell
array 10. EX-1005, Fig. 1. When switch 31n is turned on, a voltage Vn will be
applied to the gate of the memory cells in cell array 10.

140. 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:

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

141. 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. 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-1004, 1:5-7; EX-1005, 1:15-17. 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) arow 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
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cell in cell array 10. These are the exact same structures claimed or shown in the
’888 Patent.

142. 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-1004, 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-1005, 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.

143. 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. 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-1004, 17:4-10 (switch circuit 6 is “supplied
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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 in accordance with
the state of the cell”), 8:41-51. 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 2, driven by different gate voltages (e.g., VWLSELI
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. The
gate voltages would be driven by Nam’s Decoding Unit 32 (Fig. 2), which
correspond to decoder 10 of Tomita. 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-1009,
2:10-39, 6:29-36, Fig. 2A; Sect. IV.D, supra.

144. 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. 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-1004, 8:11-29, 1:30-42, , 16:53-56, 14:53-59; EX-1005,

3:33-51, Figs. 1-2, 21.
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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:

145. Tomita discloses 1[pre] as discussed in Ground 1. See Sect.
VIIL.A.2(a)(1), supra.
(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

146. 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-1004,
7:25-42, 6:49-53, Fig. 2. The same description applies to Figure 21. Id., 16:53-59,

14:51-57.
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147. In Tomita-Nam, switch circuits 6 and 8 each include a plurality of
switches, corresponding to each of the inputs received. EX-1004, 17:4-10 (switch 6
receives VDD and outputs of stepdown circuits 3 and 21), 8:40-49 (switch circuit 8
receives VPB and VDD). For example, in switch circuit 6, transistor 311, which

may receive the regulator output VSW, is a “second switch.”
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

148. Switch circuit 8 would be similarly constructed, and transistor 311 in

Tomita’s switch circuit 8, which receives VPB, is a “first switch.”
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)
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(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,

149. 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-1004,
7:20-24, 7:50-52, 7:63-65; Sect. VIII.B.4(a)(i1), supra.

150. 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
Sect. VIII.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-1004, 7:35-42, 7:54-59; VIII.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
311 from Nam’s Figure 3 in switch circuits 8 and 6, respectively).

(iv) 1]c]: an output of the first switch is coupled to a
gate of the voltage applying transistor,
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151. Tomita-Nam renders 1[c] obvious because the output VPBL of the
“first switch” (e.g., transistor 311 in switch circuit 8, see Sect. VIII.C.3(a)(i1), supra)

is coupled, via decoder 12, to a gate of write transistor 13 (the “voltage applying

transistor”). EX-1004, 8:41-50.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

(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

152. 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 . Sect.

VIILLA.2(a)(Vv), supra.
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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.

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

application of a voltage. EX-1004, 8:11-21.
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)

(b) Claim3

(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;

154. Tomita-Nam renders 3[a] obvious. As discussed for 1[a] (see Sect.

VIIL.C.3(a)(i1), supra), Tomita-Nam’s switch circuit 6 comprises transistors 311 and
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312, which supply power sources VSW and the output of stepdown circuit 21,
respectively, to memory cell 15. Transistor 312 in switch circuit 6 1s a “fourth

switch,” and its output is coupled to the output of transistor 311 (the “second

switch”). EX-1004, 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.

155. 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-1004,

17:4-10. The output of stepdown circuit 21, for example, is a “voltage different from
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the output of the regulator.” As discussed in 1[b] (Sect. VIII.C.3(a)(ii1), supra),
VCPWS and VSW are each “the output of the regulator.” EX-1004, 7:47-50, 7:54-
59. 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-1004, 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. 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-1004, Fig.

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

156. 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-1004, 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.
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Fig. 2
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Tomita Fig. 21 (left) and Nam Fig. 2 (right)
157. Inthe 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
memory cell via write transistor 13. EX-1004, 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.”).
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Fig. 2
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158. 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 VII, 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 Sect. VIII.C.3(a)(ii1), 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. Application
of the regulator’s output to the gate of the voltage applying transistor is illustrated in

green traces above.
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159. 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. 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. 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.

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

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

160. Tomita-Nam renders 5[a][1i] 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-1004, 17:1-3, 17:4-14,
Fig. 21; Sect. VIIL.C.3(b)(11), supra.

(iili) 5[b]: in a second operation mode, the second
switch is turned on, allowing the output voltage
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of the regulator to be applied to the gate of the
memory cell.

161. 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-1004, 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.”).
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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(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.

162. Tomita-Nam renders claim 21 obvious because, as discussed in Ground
1 (Sect. VIII.A.2(b), supra), the output of boost circuit BL. C.P. 2 (the “booster
circuit”) is “coupled a source terminal” of write transistor 13 (“the voltage applying
transistor”). EX-1004, 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-1006)

163. 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.
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164. Similar to the 888 Patent, Nakayama is directed to a non-volatile
memory device such as an electrically erasable programmable read-only memory
(EEPROM). EX-1006, Abstract. The memory cell in Nakayama’s EEPROM
undergoes either an “erase operation,” where the memory content of select cells are
erased (or “written ONE”), or a “program operation,” where memory content is
written to selected cells (which are “written ZERO”) but programming of the
unselected cells are inhibited. EX-1006, 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-1006, 912 (Fig. 4). The structure of each component is

further shown in Figures 5 and 7. EX-1006, 913 (Sections III.A and I11.B).

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:

165. Nakayama discloses 1[pre] because Nakayama discloses a “256K
EEPROM,” which stands for electrically erasable programmable read-only memory.

EX-1006, 911 (Abstract). In Nakayama’s EEPROM, “[e]rasing and programming

are achieved through electron tunneling.” 1d.; see also id., 915 (“As the cell is erased
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and programmed by the F-N tunneling mechanism, 5-V-only operation and 10* E/W
cycles have been achieved.”).

166. At the time of Nakayama’s publication, a POSITA would have
understood that FN (Fowler-Nordheim) tunneling is a mechanism used in non-
voltatile memories, for erasing and writing memory cell contents. F-N tunneling
operates by injecting or removing electrons from a floating gate, which involves
applying a high electric field across a thin oxide layer, causing electrons to tunnel
through the barrier and become trapped in the floating gate, changing the threshold
voltage of the memory cell. In Nakayama’s 5-V-only F-N tunneling operation, the
electric signals applied for erasing and writing memory contents are based on the 5V
supply voltage.

167. Thus, Nakayama’s EEPROM is a semiconductor memory device
capable of erasing and writing memory contents in a memory cell using a single
externally provided 5V electric signal. EX-1001, 1:16-21 (Background section
stating that in “nonvolatile memory such as electrically erasable programmable read
only memory (EEPROM),” “the memory contents in memory cells can be erased
and rewritten using electric signals.”).

(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
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168. Nakayama discloses 1[a]. Nakayama shows a block diagram of the
256K EEPROM in Figure 4, reproduced below. The EEPROM includes, inter alia,
a‘ [that] consists of 16K words of 16 bits,” a column latch
(highlighted in purple) with column address bits Ao — Asand LB, and a row decoder
(highlighted in yellow) with row address bits As — Aiz. EX-1006, 912 (§ III). The

memory cell size in Nakayama’s memory cell array is 7x8 um?. EX-1006, 911

(Abstract).
Do-D7 CE, WE, OE
i e 170 BUFFER BUFFER
Ww
LB — ‘g )l 4 ¥
CONTROL
m
0 ECC CIRCUIT L OGIC
08
S | WRITE ORIVER / S.A. ——!
oo
> O
x S 2 |coLUMN SELECT GATE
w [
Lg T NP |
Ao | 2 .
el |8
A13 w O
& o $ MEMORY CELL ARRAY
3 o]
=
o
o
HIGH
r VOLTAGE
GENERATOR
Fig. 4. Block diagram of 256K EEPROM.
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169. Figure 5 of Nakayama shows a more detailed circuit diagram for the
column latch, row decoder, and the memory cell. EX-1006, 913 (§ III.A). The
locations of the row decoder, the column latch, and the at the
intersection of the bit line and the word line within the memory cell array are shown

in Figure 5 below using similar annotations. Therefore, Nakayama’s EEPROM

includes the claimed “memory cell.”
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Fig. S. Circuit diagram of column latch and row decoder.

170. Nakayama’s EEPROM also discloses a “high-voltage generator
which supplies Vpp and program-inhibiting voltages (Vwer, Varr).” EX-1006, 912

(§ II). The high-voltage generator is annotated in red below in Figure 4.
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Fig. 4. Block diagram of 256K EEPROM.

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

circuitry includes one regulator. EX-1006, 913 (§ 111.B).
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Fig. 7. Block diagram of high-voltage generator.

172. Nakayama’s column latch and row decoder circuit (i.e., Figure 5) and
high-voltage regulator (i.e., Figure 7) include a number of transistors that act as
switches. For example, in Nakayama’s Figure 5, the “transistor T1” is turned on
and off based on its gate voltage PGM. “In a program operation, as PGM is set to
‘H,” all bit lines are precharged to Vepr through a transistor T1.” EX-1006, 913
(§ III.A). Likewise, a POSITA would have known that when PGM is set to “L,” the
transistor T1 is turned off and there is no longer a conductive pathway between its
source and drain terminals. Therefore, Nakayama’s transistor T1 is the claimed

“first switch.”
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Fig. 5. Circuit diagram of column latch and row decoder.

173. 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-

1006, Fig. 7.
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174. In the expanded Figure 7 below, the second dotted rectangle is filled

with the same circuitry found in the first dotted rectangle. The expanded block

diagram for the high-voltage generator includes a transistor shown in green that

discloses the claimed “second switch.

29
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Fig. 7. Block diagram of high-voltage generator.

175. The column latch and memory cell array in Nakayama also 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-1006, Fig. 5; see also,

EX-1001, Figure 2.
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Fig. 5. Circuit diagram of column latch and row decoder.

(iii) 1[b]: an output of the regulator is coupled to
inputs of the first and second switches,

176. Nakayama discloses 1[b]. As explained above, Nakayama discloses
implementing the second dotted rectangle of Figure 7 with the same circuitry found

in the first dotted rectangle. Therefore, a POSITA would have understood Figure 7
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of Nakayama as the expanded figure, shown below. As shown, one output of the

regulator is coupled to the input of the green transistor (the “second switch”), as

indicated by the yellow-highlighted line.

0SC |¢— REGULATOR T : — NUEE
! T 2Co : - 5 :
one regulator £
| Co < PGM
CHARGE PUMP ;

RESET

"second
switch”
PGM

7

v RESET
VBrP

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

177. 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. The first figure (below) shows that the

output of the regulator is coupled to Vgpi, as shown in the yellow highlighted line.
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Fig. 7. Block diagram of high-voltage generator.

178. The second figure (below) shows Vgpr coupled to the first switch. The

first and second figures thus show that the output of the regulator is coupled to the

input of transistor T1 (the “first switch”), via Vgpr.
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Fig. 5. Circuit diagram of column latch and row decoder.

179. Accordingly, in Nakayama, the output of the regulator in Figure 7 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,
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180. Nakayama discloses 1[c]. As shown in the red rectangle below, the

output of transistor T1 (“first switch™) is coupled to a gate of the blue transistor

(“voltage applying transistor”). EX-1006, Fig. 5.

.............

"voltage

applying
transistor”

Vwep

Bit line~

"N Word line
<CLE

Fig. 5. Circuit diagram of column latch and row decoder.
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181. 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”).

Accordingly, Nakayama discloses an output of the first switch is coupled to a gate

of the voltage applying transistor.

"firstswitch"T 1 {YBP1 |

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
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182. 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-1006, Fig. 5.

.............

"voltage

applying
transistor”

Vwep

Bit line~

"N Word line
<CLE

Fig. 5. Circuit diagram of column latch and row decoder.
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183. The portion of Figure 5 is magnified below to show its details.
Specifically, the drain terminal of the voltage applying transistor and the drain
terminal of the memory cell are marked with red circles. The voltage applying

transistor applies a voltage from its drain terminal to the drain terminal of the

memory cell via the channel of a transistor.

T1 VBP)

PLW
PGM

VeBpPP

"voltage

applying
transistor"

Vwep
Bit line

"drain”

-~

(vi) 1]e]: an output of the second switch is coupled
to a gate of the memory cell for application of a
voltage.
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184. Nakayama discloses 1[e]. In particular, an output of the green-

highlighted transistor in Figure 7 (i.e., the claimed “second switch”) is Vwep, as

shown in the yellow-highlighted pathway below. EX-1006, Fig. 7.

0SC l— REGULATOR T - ! Nase
- ¥ 2c] | =, :
one regulator £
| Co < PGM
CHARGE PUMP ;

RESET

"second
switch”
PGM

7

v RESET
VBrP

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

185. Further, the output of the second switch, Vwep, is coupled to a gate of
the memory cell, as shown below. EX-1006, 913 (§ 111.B): “Vwep 1s applied to word
lines.” 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. Accordingly,

121
SK hynix Ex. 1003, Page 128 of 146



Declaration of Sunil P. Khatri, Ph. D.
IPR2025-01449
U.S. Patent No. 8,593,888

Nakayama discloses an output of the second switch is coupled to a gate of the

memory cell for application of a voltage Vwep.

PRE DECODER CLE CLE
Peow @ cawewee e -
t PGMO ': l -I-
: - ¢ “first Ve
i % :.switch"T" VBPI
: ' PLW - 9
: S E PGM
Npsaonme aomen mou o s .

O
o)

ROW DECODER]| Vo!tage applying
transistor”

I A . Y

Vwep

Bit line—»
—t |« Source line

r['z _
-k ™~ Word line

........... 3 ER&TE

B
B

™~ 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
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is coupled to the output of the second switch,

and;

186. 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-1006, Fig. 7.

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.

v
Verp

OSC [— REGULATOR VwWPP
"one regulator“T
--———-k:uance PUMP
E ‘ "second
; ¢ switch”
—< PGM
——> VP

7]

RESET

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

187. Nakayama discloses that the output Vep of the regulator in Figure 7 is
used to derive the bit line supply voltages and word line supply voltages. EX-1006,
912 (Section III) (“[a] high-voltage generator which supplies Vpp”). As Nakayama
explains, “[a]ll high voltages, Vsrp, Vwrp, and Vppi, are generated internally. Vapp
(programming high voltage, Vpr) and Vppr (program-inhibiting voltage, 1/3 Vpp) are
applied to bit lines and Vwpp is applied to word lines. Vwpp has two different voltage
levels that correspond to Vpp (erasing high voltage) and Vwp; (program-inhibiting

boltage, 2/3 Vpp).” EX-1006, 913 (Section I11.B).
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prl(program inhibiting voltage)

peeen e szac e = 203 Ve
0OSC |[¢— REGULATOR l—l_..l : TR— >V wep
| ‘"fou
"one regulator"T 2 : switch" SUp%“ﬁd i
: < PGM word lines
. Co ; :
———-Dk:HARGE PUMP I '1 T

/

Vee (erasing
high voltage)

voltage) = 1/3 Vep

7] \

RESET supplied to
=P bit lines

Vere (programming .Y Ve
high voltage) = Vep 8PP

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

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

active-low (“PGM”). In particular, when PGM is set to “L,” the green transistor is
turned on, the erasing high voltage of Vpp 1s supplied to the word line as Vypp. 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.
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-1006, Fig.

6.
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CLE __/ .
pLw _/\
BLR A\
PGM

Vwep

vpp
Vapp / L

Veri /__—\1_/“”
|-— ERASE —4&— PROGRAM —*

Fig. 6. Clock timing diagram.

189. 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). 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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Fig. 7. Block diagram of high-voltage generator.
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PGM
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Fig. §. Circuit diagram of column latch and row decoder.

(¢) Claim5

(i)  S5[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;

190. To the extent the Board disagrees with Petitioner’s proposed claim
construction of 5[a][i] (Sect. VII, supra), Nakayama discloses this limitation.

Nakayama discloses a first operation mode when PGM is set to high (“H”). EX-
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1006, 913 (§ III.A) (“In a program operation, as PGM is set to ‘H,’ all bit lines are

precharged to Vzp; through a transistor T17). In this “program operation” mode,

transistor T1 (i.e., the “first switch™) is turned on. Id. As a result, the blue

transistor (i.e., the “voltage applying transistor’) is turned on.

PRE DECODER

]

Fig. 5.

CLE
v L

"first
switch"T1 VBPI

CLE

Veei

- 9

"voltage

'“_FTL‘ g T
-4

T2

<
|IBLR

« Source line

“SWord line

applying
transistor”
Vwep
Bit line>
|
@
Y-GATE

CLE

™~ 170 h

Circuit diagram of column latch and row decoder.

"firstswitch"T 1 VBPI l

PLW——
PGM>

Vepp

"voltage

applying
transistor"

Vwep
i Bit line~»

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

(i.e., the “fourth switch”) in Figure 7 is also turned on. EX-1006, Fig. 7.
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Vwei (program-inhibiting voltage)

; sy e = 3 Vpp
0OSC [4— REGULATOR -L__LJ : ol : - thv—bprp
. L four
"one regulator"T 26 : 'switch”
. Co PGM
CHARGE PUMP I’ I.

v
VBpP

Fig. 7. Block diagram of

Y

RESET

high-voltage generator.

192. The signal diagram of Figure 6 shows the Vwpp supply voltage to the

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

is turned on in the program mode. EX-1006, Fig. 6.
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1/3Vpp
Veri
|l— ERASE

Fig. 6. Clock timing diagram.

193. Because the blue transistor (the ‘“voltage applying transistor”) is
turned on by the Vpp; voltage applied through transistor T1, the voltage Vaep,
highlighted in yellow below, is applied to a drain terminal of the memory cell. As
Nakayama discloses, the voltage Vapp 1s the “programming high voltage, Vpp,” that

is, the output of the voltage regulator itself. EX-1006, Fig. 5.
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Fig. 5. Circuit diagram of column latch and row decoder. \ —

194. 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 5[a][i] (Sect. VII, 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

195. Nakayama discloses 5[a][i1]. As discussed in 5[a][i] above, when the
magenta transistor (“the fourth switch”) is turned on, it causes the word line supply

voltage Vwrp to be set to Ve, which is at 2/3 Vep. EX-1006, Fig. 7.
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Block diagram of high-voltage generator.

196. Continuing to trace Vwep, as shown in Figure 5 of Nakayama, Vrp is

applied to the gate of the memory cell. EX-1006, Fig. 5. Accordingly, Nakayama

discloses the voltage (2/3 Vpp), different from the output of the regulator (Vrp), to be

applied to the gate of the memory cell in a program operation.
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Circuit diagram of column latch and row decoder.
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(iii)

~

e

Vwep

BPP
"voltage

applying
transistor"”

Bit line~

'
"

"gate"

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.

197. Nakayama discloses an “erase operation,” which is a “second operation

mode.” EX-1006, 913 (§ III.A) (“In an erase operation, PGM is set to ‘L,” and the

selected word line is pumped up to Vpp by the Vpp switch”), shown below. In this

“erase operation” mode, because PGM 1is set to ‘L,” the green-highlighted transistor

(the “second switch”) is turned on (and the “fourth switch” is turned off).
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198. The signal diagram of Figure 6 shows that, when PGM is set to “L,” the

Vwep supply voltage to the word line 1s set to Vpp, which further supports that the

green transistor (the “second switch”) is turned on. Figure 6 also demonstrates that

the “erase mode” 1s in effect when PGM 1s set to “L,” as shown below.
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Fig. 6. Clock timing diagram.

Veri

199. Again, tracing Vwpp in this “erase mode,” as shown in Figure 5 of
Nakayama, the voltage level Vpp i1s applied to the gate of the memory cell.
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.
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(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.

200. Nakayama discloses 21[a]. 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-1006, Fig. 7; Sect. IV.C, supra.
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Fig. 7. Block diagram of high-voltage generator.

201. Vgpp, in turn, is coupled to a source terminal of the blue transistor
(“voltage applying transistor’), as shown below. 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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IX. CONCLUSION

202. I declare that all statements made herein on my own knowledge are
true and that all statements made on information and belief are believed to be true,
and further, that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 or Title 18 of the United States Code.

Respectfully submitted,

Date: Auqust 21,2025 A trtiatd

By:
Sunil P. Khatri, Ph.D.
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