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I, Mariusz Orlowski of Pembroke, Virginia, declare that:
I. Introduction

1. My name is Mariusz Orlowski, and I have been retained by counsel for
Petitioner Yangtze Memory Technologies Company, Ltd. (“YMTC” or “Petitioner”)
as an expert witness to provide assistance regarding U.S. Patent No. 10,373,974
(“the 974 Patent”) assigned to Micron Technology, Inc. (“Micron” or “Patent
Owner”). Specifically, I have been asked to consider the validity of claims 1, 4, 5,
7,9, and 11-19 of the 974 Patent (the “Challenged Claims”) in view of prior art,
anticipation and obviousness considerations, and understanding of a person of
ordinary skill in the art at the time of the invention (“POSITA”) as it relates to
the 974 Patent. I have personal knowledge of the facts and opinions set forth in this
declaration and believe them to be true. If called upon to do so, I would testify
competently thereto.

2. [ am being compensated for my time at my standard consulting rate. |
am also being reimbursed for expenses that I incur during the course of this work.
My compensation is not contingent upon the results of my study, the substance of
my opinions, or the outcome of any proceeding involving the challenged claims. I
have no financial interest in the outcome of this matter or on the pending litigation
between Petitioner and Patent Owner.

3. My analysis here is based on my years of education, research and
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experience, as well as my investigation and study of relevant materials, including
those cited herein.

4. I may rely upon these materials, my knowledge and experience, and/or
additional materials to rebut arguments raised by the Patent Owner. Further, [ may
also consider additional documents and information in forming any necessary
opinions, including documents that may not yet have been provided to me.

5. My analysis of the materials produced in this proceeding is ongoing and
I will continue to review any new material as it is provided. This declaration
represents only those opinions I have formed to date. I reserve the right to revise,
supplement, and/or amend my opinions stated herein based on new information and
on my continuing analysis of the materials already provided.

II. Background and Qualifications

6. I am an expert in the field of semiconductor devices. I have studied,
taught, practiced, and researched this field for over 40 years. I have summarized in
this section my educational background, work experience, and other relevant
qualifications. Attached hereto as Appendix A, is a true and correct copy of my
curriculum vitae describing my background and experience.

7. I am currently a Professor in the Bradley Department of Electrical and
Computer Engineering at Virginia Polytechnic Institute and State University

(“Virginia Tech”) in Blacksburg, Virginia, where I held for ten years the prestigious
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Virginia Microelectronics Consortium Chair. Established in 1997 by the State of
Virginia, the Virginia Microelectronics Consortium includes six universities and two
semiconductor companies.

8. [ earned a Master’s degree in Experimental Physics in 1976 and a Ph.D.
in Theoretical Physics in 1979, both from Tuebingen University, Germany. I have
over 25 years of experience in the semiconductor industry, specializing in the
physics and manufacturing of semiconductor devices.

0. At the beginning of my career (1979-1984), I held technical positions
at Stanford University, Purdue University, and the German Space Agency in
Stuttgart-Vaihingen, Germany. I then spent 25 years in the semiconductor industry,
first at Siemens Laboratories (1984—1989) and later at Motorola Laboratories (1989—
2004), whose semiconductor division became Freescale Semiconductor (2004—
2008). Since 2008, I have been a professor at Virginia Tech, continuing my research
in semiconductor device physics and technology.

10.  While at Siemens in the 1980s, I conducted pioneering research on the
physics of metal-oxide-semiconductor field-effect transistors (MOSFETs), the
fundamental building blocks of all mainstream integrated circuits. In 1987, 1
published the first explanation of the “reverse short channel effects,” now a standard
feature of advanced MOSFETs. In 1989, I provided an in-depth analysis predicting

degradation effects in MOSFETs, further advancing the understanding of these
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devices.

11. At Motorola, my research focused on nonvolatile memories and
associated phenomena, including band-to-band tunneling. In 1990, I was the first to
calculate and correctly predict new modes of band-to-band tunneling in MOSFETs,
along with its impact on nonvolatile memory technologies.

12.  In addition to my research, I successfully managed the development of
numerous technologies. While working with the Crolles consortium in Grenoble,
France, comprising Motorola (Freescale), Philips (NXP), and STMicroelectronics, |
led the development of a 50 nm fully-depleted silicon-on-insulator (SOI) MOSFET
with a TiN/HfO: gate stack and a 30 nm gate length SOl MOSFET. At Motorola, I
established and managed several R&D groups, including the first Technology
Computer-Aided Design (TCAD) Modeling and Simulation group (1989-1995) and
the first Equipment Modeling and Simulation group (1992-1995). I also led a
Motorola-Freescale collaboration with SOFT-TEC, a company founded by
prominent Russian scientists, comprising over 100 engineers and scientists.

13. In 1997, I was elected a Fellow of the Institute of Electrical and
Electronics Engineers (IEEE) for my ‘“contributions to MOSFET devices and
technology.” This distinction is awarded to individuals who have made significant
contributions to IEEE-designated fields, with Fellows representing no more than

one-tenth of 1% of the total voting membership.
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14. My work in semiconductors spans device development, process
development, and process integration. I have made advancements in poly gate
modules, LOCOS and trench isolation, gate oxide formation, spacer and liner
processes, implantation, diffusion, and both isotropic and anisotropic etching.

15. 1 hold over 99 patents (including 72 U.S. patents). Many of these
patents focus on nonvolatile device structures and manufacturing processes. My
innovative contributions have been recognized with Motorola’s Distinguished
Innovator Award (1998) and Freescale’s Master Innovator Award (2007). I have
authored over 230 publications in referred journals and conference proceedings, with
the majority focusing on semiconductor devices and processing technologies.

16. I also made significant contributions to the development of embedded
NAND and NOR memory technologies at Motorola, particularly regarding floating
gate memory cell performance, design, and manufacturing. My work addressed
numerous device challenges, including:

e SONOS and nanocrystal non-volatile memory cells Two-bit charge
storage and split-gate memory cells;

e Programming techniques such as Fowler-Nordheim tunneling,
avalanche injection, and channel electrons;

e Band-to-band tunneling issues and their implications for device
operation Incremental Step Pulse Programming (ISPP);

e Array disturb, program disturb, and program inhibit mechanisms over-
14
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programming, over-erase issues, and multibit storage;

e Self-boost and local self-boost techniques for program inhibit; and

e Threshold voltage outliers and accidental programming of unselected
cells LOCOS and trench isolation, tunnel oxide, gate etching, and
spacer formation.

17. At Virginia Tech, my research focuses on developing a successor to the
Floating-Gate transistor approach for nonvolatile memory (NVM) technology,
specifically resistive RAM (ReRAM or RRAM). I am actively involved in
manufacturing these devices in the university’s cleanroom, employing advanced
thin-film deposition techniques such as Physical Vapor Deposition (PVD), Chemical
Vapor Deposition (CVD), Sputtering, and Atomic Layer Deposition (ALD).

18.  In addition to my research, I delivered a keynote talk on the application
of dielectric materials in CMOS technology, highlighting the use of these deposition
techniques, at the 2020 International Electron Device Meeting (IEDM, paper 40.1).
I also recently published a paper on stacked ReRAM memory and taught an annual
semester-long lecture on CMOS manufacturing and nonvolatile memory operation.

19. My comprehensive expertise bridges the gap between device physics,
manufacturing processes, and technology development, contributing to both the

academic and industrial advancement of semiconductor technologies.
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III. Level of Ordinary SKkill in the Art

20. In rendering the opinions set forth in this declaration, I was asked to
consider the patent claims and the prior art through the eyes of a POSITA at the time
of the alleged invention, which I understand is asserted to be November 16, 2015—
the priority date of the earliest patent application. I understand that the factors
considered in determining the ordinary level of skill in a field of art include the level
of education and experience of persons working in the field; the types of problems
encountered in the field; the teachings of the prior art, and the sophistication of the
technology at the time of the alleged invention. I understand that a POSITA is not
a specific real individual, but rather a hypothetical individual having the qualities
reflected by the factors above. 1 understand that a POSITA would also have
knowledge from the teachings of the prior art, including the art cited below.

21. Taking these factors into consideration, on or before November 16,
2015, a POSITA of the 974 Patent would have had a Bachelor’s degree in electrical
engineering, materials science, or physics, or a closely related field, along with at
least two years of experience in semiconductor fabrication. A higher level of
education might make up for less experience, and vice versa.

22. Before November 16, 2015, my level of skill in the art was at least that
of a POSITA. I am qualified to provide opinions concerning what a POSITA would

have known and understood at that time, and my analysis and conclusions herein are
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from the perspective of a POSITA as of that date. A different priority date would
not change my opinions as long as the identified prior art were still prior art.

IV. Materials Considered and Relied Upon

23. Inreaching the conclusions described in this declaration, I have relied
on the documents and materials cited herein as well as those identified in this
declaration, including the *974 Patent, the prosecution history of the ’974 Patent, and
prior art references cited herein. These materials comprise patents, related
documents, and printed publications. Each of these materials is a type of document
that experts in my field would have reasonably relied upon when forming their
opinions.

24. In the cited references, all emphasis is added unless otherwise noted.

25. 1 have also relied on my education, training, research, knowledge, and
personal and professional experience in the relevant technologies that were already
in use prior to the claimed invention.

e EXI1001: U.S. Patent No. 10,373,974 (“the 974 Patent™)

e EX1002: Prosecution History of the 974 Patent (“the 974 File History™)

e EX1004: U.S. Patent Application Publication No. 2016/0322376 in the
name of Lee (“Lee”)

e EX1005: U.S. Patent Application Publication No. 2012/0306089 in the
name of Freeman et al. (“Freeman”)

e EX1006: U.S. Patent Application Publication No. 2016/0163732 in the
17
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name of Lim et al. (“Lim”)

EX1007: Korean Patent Application No. 10-2014-0176089 (“Lim-KR”)
EX1008: Certified English Translation of Korean Patent Application No.
10-2014-0176089 (“Lim-KR _trans”)

EX1009: U.S. Patent Application Publication No. 2015/0129878 in the
name of Shin ez al. (“Shin™)

EX1010: U.S. Patent Application Publication No. 2010/0133598 in the
name of Chae et al. (“Chae”)

EX1011: U.S. Patent Application Publication No. 2015/0137216 in the
name of Lee ef al. (“Lee-2")

EX1012: “Adjacent” — Merriam-Webster Online Dictionary 2015,
Retrieved September 12, 2015, from
https://web.archive.org/web/20150912031420/https://www.merriam-

webster.com/dictionary/adjacent (“MW”)
EX1013: U.S. Patent Application Publication No. 2015/0279852 in the

name of Mizutani et al. (“Mizutani”)

EX1014:J. Jang et al., “Vertical cell array using TCAT (Terabit Cell Array
Transistor) Technology for Ultra High Density NAND Flash Memory,”
2009 Symposium on VLSI Technology, Kyoto, Japan, 2009, pp. 192-193.
(“Jang”)

EX1015: Y. Noh et al., “A New Metal Control Gate Last process (MCGL
process) for High Performance DC-SF (Dual Control Gate with
Surrounding Floating Gate) 3D NAND Flash Memory,” 2012 Symposium
on VLSI Technology (VLSIT), Honolulu, HI, USA, 2012, pp. 19-20.
(“Noh”)

EX1016: U.S. Patent Application Publication No. 2014/0138840 in the

18
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name of Ha et al. (“Ha”)

e EXI1017: U.S. Patent Application Publication No. 2009/0310415 in the
name of Jin ef al. (“Jin”)

e EXI1018: U.S. Patent Application Publication No. 2016/0218059 in the
name of Nakada et al. (“Nakada”)

e EXI1019: U.S. Patent Application Publication No. 2016/0365351 in the
name of Nishikawa ef al. (“Nishikawa”)

e EX1020: R. Muller et al., “Device Electronics for Integrated Circuits,” 3rd
Edition, John Wiley & Sons, pp. 97-99. (“Muller”)

V.  Legal Standards

26. 1 am not an attorney and offer no legal opinions, but in the course of
my work, I have had experience studying and analyzing patents and patent claims
from the perspective of a person skilled in the art.

27. In formulating my opinions, I have been informed of certain legal
understandings relevant to my opinions. In formulating my opinions, I have relied
on the legal understandings I have been provided with as set forth in this declaration.

28. Thave been informed that in inter partes review proceedings, invalidity
must be shown under a preponderance of the evidence standard.

A. My Understanding of Claim Construction

29. I have been informed that patent claims are construed from the

viewpoint of a POSITA of the patent at the time of the invention. I have been
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informed that patent claims generally should be interpreted consistent with their
plain and ordinary meaning as understood by a POSITA in the relevant time period
(i.e., at the time of the purported invention, or the so called “effective filing date” of
the patent application), after reviewing the patent claim language, the specification,
and the prosecution history (i.e., the intrinsic record).

30. I have further been informed that a POSITA must read the claim terms
in the context of the claim itself, as well as in the context of the entire patent
specification. I understand that in the specification and prosecution history, the
patentee may specifically define a claim term in a way that differs from the plain and
ordinary meaning. I understand that the prosecution history of the patent is a record
of the proceedings before the U.S. Patent and Trademark Office and may contain
explicit representations or definitions made during prosecution that affect the scope
of the patent claims. I understand that an applicant may, during the course of
prosecuting the patent application, limit the scope of the claims to overcome prior
art or to overcome an examiner’s rejection, by clearly and unambiguously arguing
to overcome or distinguish a prior art reference, or clearly and unambiguously
disavowing claim coverage.

31. In interpreting the meaning of the claim language, I understand that a
POSITA may also consider “extrinsic” evidence, including expert testimony,

inventor testimony, dictionaries, technical treatises, other patents, and scholarly
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publications. I understand this evidence is considered to ensure that a claim is
construed in a way that 1s consistent with the understanding of those of ordinary skill
in the art at the time of the claimed invention. For example, this can be useful for a
technical term whose meaning may differ from its ordinary English meaning. 1
understand that extrinsic evidence may not be relied on if it contradicts or varies the
meaning of claim language provided by the intrinsic evidence, particularly if the
applicant has explicitly defined a term in the intrinsic record.

B. My Understanding of Anticipation

32. I understand that a patent claim is invalid as “anticipated” if all the
limitations of the claim are present, either expressly or inherently, in a single prior
art publication or patent.

33. Talsounderstand that a prior art reference can disclose a claimed feature
because the feature is expressly described or because the feature is inherent in the
disclosure. I understand that something is inherent in a prior art reference if the
missing descriptive matter must necessarily be present, not merely probably or
possibly present, and it would be so recognized by a POSITA as of the priority date
of the patent. I understand that it is acceptable to examine evidence outside of the
prior art reference (i.e., extrinsic evidence) in determining whether a feature, while
not expressly discussed in the reference, is necessarily present in it.

34. I have further been informed that where a reference discloses multiple
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embodiments, the reference should not be limited to a preferred embodiment.
Instead, each disclosed embodiment may anticipate.

35. Moreover, [ have been informed that as part of an anticipation analysis,
it is proper to take into account not only specific teachings of the reference, but also
the inferences that one skilled in the art would reasonably be expected to draw
therefrom. A reference can anticipate a claim even if it does not expressly spell out
all the limitations arranged or combined as in the claim, if a POSITA, reading the
reference, would at once envisage the claimed arrangement or combination.

C. My Understanding of Obviousness

36. T understand that a claim may be invalid if the subject matter described
by the claim as a whole would have been obvious to a hypothetical POSITA in view
of a prior art reference or in view of a combination of references at the time the
claimed invention was made. Therefore, I understand that obviousness is
determined from the perspective of a hypothetical POSITA and that the asserted
claims of the patent should be read from the point of view of such a person at the
time the claimed invention was made. I further understand that a hypothetical
POSITA is assumed to know and to have all relevant prior art in the field of endeavor
covered by the patent in suit.

37. Thave been informed that there are two criteria for determining whether

prior art is analogous and thus can be considered prior art: (1) whether the art is from
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the same field of endeavor, regardless of the problem addressed, and (2) if the
reference is not within the field of the patentee’s endeavor, whether the reference
still is reasonably pertinent to the particular problem with which the patentee is
involved. I have also been informed that the field of endeavor of a patent is not
limited to the specific point of novelty, the narrowest possible conception of the field,
or the particular focus within a given field. I have also been informed that a reference
is reasonably pertinent if, even though it may be in a different field from that of the
patentee’s endeavor, it is one which, because of the matter with which it deals,
logically would have commended itself to a patentee’s attention in considering their
problem.

38. Thave also been advised that an analysis of whether a claimed invention
would have been obvious should be considered in light of the scope and content of
the prior art, the differences (if any) between the prior art and the claimed invention,
and the level of ordinary skill in the pertinent art involved. I understand as well that
a prior art reference should be viewed as a whole.

39. I have also been advised that in considering whether a claimed
invention would have been obvious over a combination of prior art references, I may
assess whether there are apparent reasons to combine known elements in the prior
art in the manner claimed in view of interrelated teachings of multiple prior art

references, the effects of demands known to the design community or present in the
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marketplace, and/or the background knowledge possessed by a POSITA. 1
understand that other principles may be relied on in evaluating whether a claimed
invention would have been obvious, and that these principles include the following:

e A combination of familiar elements according to known methods is likely
to be obvious when it does no more than yield predictable results;

e When a device or technology is available in one field of endeavor, design
incentives and other market forces can prompt variations of it, either in
the same field or in a different one, so that if a POSITA can implement a
predictable variation, the variation is likely obvious;

e Ifatechnique has been used to improve one device, and a POSITA
would recognize that it would improve similar devices in the same way,
using the technique is obvious unless its actual application is beyond
their skill;

e An explicit or implicit teaching, suggestion, or motivation to combine
two prior art references to form the claimed combination may
demonstrate obviousness, but proof of obviousness does not depend on or
require showing a teaching, suggestion, or motivation to combine;

e Market demand, rather than scientific literature, can drive design trends
and may show obviousness;

e In determining whether the subject matter of a patent claim would have
been obvious, neither the particular motivation nor the avowed purpose
of the named inventor controls whether the claim is obvious;

e One of the ways in which a patent’s subject can be proved obvious is by
noting that there existed at the time of invention a known problem for

which there was an obvious solution encompassed by the patent’s claims;
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Any need or problem known in the field of endeavor at the time of
invention and addressed by the patent can provide a reason for combining
the elements in the manner claimed;

“Common sense” teaches that familiar items may have obvious uses
beyond their primary purposes, and in many cases a POSITA will be able
to fit the teachings of multiple patents together like pieces of a puzzle;

A POSITA is also a person of ordinary creativity, and is not an
automaton;

A patent claim can be proved obvious by showing that the claimed
combination of elements was “obvious to try,” particularly when there is
a design need or market pressure to solve a problem and there are a finite
number of identified, predictable solutions such that a POSITA would
have had good reason to pursue the known options within his or her
technical grasp; and

One should be cautious of using hindsight in evaluating whether a

claimed invention would have been obvious.

I further understand that, in making a determination as to whether the

claimed invention would have been obvious to a POSITA, the Board may consider

certain objective factors if they are present, such as: commercial success of products

practicing the claimed invention; long-felt but unsolved need; teaching away;

unexpected results; copying; and praise by others in the field. These factors are

generally referred to as “secondary considerations” or “objective indicia” of

nonobviousness. [ understand, however, that for such objective evidence to be
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relevant to the obviousness of a claim, there must be a causal relationship (called a
“nexus”’) between the claim and the evidence, and that this nexus must be based on
a novel element of the claim rather than something in the prior art. I also understand
that even when they are present, secondary considerations may be unable to
overcome primary evidence of obviousness (such as motivation to combine with
predictable results) that is sufficiently strong.

VI. Technology Background
A.  Architecture of Three-Dimensional (3D) NAND Flash Memory

41. The semiconductor industry has continually faced the dual challenges
of increasing chip performance and reducing the physical footprint of integrated
circuits. An important innovation in overcoming these challenges is the concept of
vertical integration, where components of a circuit are stacked vertically to enhance
density and performance without increasing the horizontal footprint. This approach
is important in the development of 3D integrated circuits (ICs) and, more recently,
in the 3D NAND memory, which has enabled rapid advancements in processing
power and memory capacity.

42.  The development of 3D NAND flash memory has revolutionized data
storage by enabling higher memory storage capacities within smaller physical
footprints. At the heart of this advancement lies a memory stack that supports the

vertical integration of multiple memory cell levels. The memory stack may include
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vertical channels extending through a stack of alternating conductive layers and
dielectric layers, which is formed from a stack of alternating silicon nitride layers
and silicon oxide layers by replacing at least portions of the silicon nitride layers
with a conductive material.

43. A Terabit Cell Array Transistor (TCAT) flash memory is an example
of the 3D NAND flash memory. A birds-eye view of the TCAT flash memory is
shown in FIG. A below, which includes annotated FIG. 1 of EX1014. The TCAT
flash memory may include a memory cell array having vertical channels (in yellow,
a.k.a. semiconductor pillars) extending through a stack of alternating conductive
layers (in green) and oxide layers. The conductive layers may form gate lines
including top select lines SSL, control gates (word lines W/L), and bottom select
lines GSL extending across the memory cell array in the word line direction.
Memory cells may be formed between the vertical channels and the control gates,
whereas top select transistors are formed between the vertical channels and the top
select lines SSL, and bottom select transistors are formed between the vertical
channels and the bottom select lines GSL. EX1014, Section “Architecture and Key

Features of TCAT Flash,” q1.
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FIG. A — FIG. 1 of EX1014 (annotated)

44.  As shown in FIG. A, the memory cell array also includes staircase
structures (a.k.a stair-like structures) at the two opposite array edges in the X-
direction (the word line direction), with exposed ends of the conductive layers
forming contact regions in steps of the staircase structures. EX1014, FIG. 3, FIG. 6,
Section “Architecture and Key Features of TCAT Flash,” 1. The memory cell array
further includes contact vias landing onto word lines on different levels of the stair-
like structures to connect respective conductive layers to peripheral circuits. See
also EX1014, FIG. 6.

B.  Overview of Fabrication Process of 3D NAND Flash Memory

45. A fabrication process of the TCAT flash memory shown in FIG. A
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above is illustrated below in FIG. B, which includes annotated FIG. 3 of EX1014.
The process sequence includes: (a) depositing a stack of alternating sacrificial nitride
layers and oxide layers; (b) forming channel holes extending through the stack and
forming the vertical channels (in yellow) in the channel holes, respectively; (c)
etching the stack of alternating sacrificial nitride layers and oxide layers at the two
opposite array edges in the X-direction to form stair-like structures such that gate
pads are formed (“Gate Pad”); (d) etching through the stack to form trenches
extending in the Z-direction and also extending along the X-direction (“W/L Cut
Etch”); (e) performing a “gate replacement” process (a.k.a. gate line replacement
process) to replace the sacrificial nitride layers with tungsten (W) or any other
suitable conductive material; and (f) forming contact vias landing onto conductive
layers at different levels of the stair-like structures. EX1014, Section “Architecture

and Key Features of TCAT Flash,” q1, FIG. 3, FIG. 6.
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FIG. B - FIG. 3 of EX1014 (annotated)

C. Gate Replacement Process

1. Shifting from “Gate-First” Approach to “Gate-Last”
Approach

46. The origins of 3D NAND technology trace back to a Bit Cost Scalable
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(BiCS) architecture, which utilizes a gate-first approach in which the conductive
material forming the gate lines is deposited before the formation of the vertical
channels in vertical channel holes. This method involves a stack of alternating layers
of silicon dioxide (Si02) and polysilicon, with the polysilicon serving as the gate
lines after processing. After forming the gate lines, vertical channel holes are etched
through the stack, and successive layers—including a gate dielectric layer, a charge
storage layer (such as silicon nitride or floating polysilicon), a tunnel oxide layer,
and a polysilicon channel—are deposited sequentially in each channel hole.

47.  While this gate-first approach is effective for initial designs, scaling
challenges emerge as layer counts increase. The alignment precision required for
depositing the conductive material prior to forming the vertical channels limits
manufacturability and performance. To overcome these limitations, the industry
transitions to the gate-last approach, which reverses the sequence of gate and channel
formation compared to the gate-first approach. In the gate-last approach, the
conductive material forming the gate lines is deposited after the channels have been
fully formed. This enables greater flexibility and precision in fabricating complex
multi-layer structures. This gate-last approach is also known as the ‘“gate
replacement process,” which is applied in the formation of the TCAT flash memory

as described above in Section VI.B.
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2. Process Flow of Gate Replacement

48. With reference to FIG. C shown below, which includes FIG. 4 of
EX1014, example stages of the gate replacement process are provided. First, as
illustrated in section (a) of FIG. C, a trench is formed by performing the word line
(W/L) cut on a stack of alternating sacrificial nitride layers and oxide layers, such
that the sacrificial nitride layers in the stack are exposed through the trench. The
trench serves as an access passage for subsequent nitride etching and material
deposition. Second, in section (b) of FIG. C, a selective wet etching is used to
remove the sacrificial nitride layers laterally, creating empty spaces between the
oxide layers. This step results in a vertical “fence” oxide structure, where the oxide
layers and empty spaces outline the intended locations for the gate lines. Third, in
section (¢) of FIG. C, gate dielectric (e.g., high-k dielectrics) may be deposited on
sidewalls of the empty spaces, and a conductive material, such as tantalum nitride
(TaN), tungsten (W), or polysilicon, can be filled in the empty spaces to form
preliminary gate nodes which are interconnected. Fourth, in section (d) of FIG. C,
the conductive material within the trench is selectively and vertically etched to
separate the interconnected preliminary gate nodes into individual gate lines.
EX1014, FIG. 4, Section ‘“Architecture and Key Features of TCAT Flash,” 91;

EX1015, FIG. 2, Section “MCGL” process, 1.
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49.  The gate replacement process allows for more precise control over the
gate formation, enabling higher layer counts, improved scalability, and denser
memory arrays. Depositing the conductive material after forming the channels
ensures uniformity and reduces defects caused by earlier deposition steps. The gate
replacement process minimizes alignment challenges and simplifies the integration

of advanced materials, such as high-k dielectrics and metal gates.
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D.  Stair Step Structures

L Introduction to the Stair Step Structures

50. In a conventional two-dimensional (2D) NAND flash memory,
memory cells are laid out on a flat plane, with horizontal interconnects enabling
access to individual cells. However, the demand for higher storage capacities and
improved performance exposes the limitations of the 2D architecture, particularly in
terms of physical size and scalability. To overcome these challenges, 3D NAND
technology, where memory cells are vertically stacked, is adopted. 3D NAND
technology significantly increases storage density while improving performance.
However, as the number of stacked layers grows, addressing and connecting the gate
lines of the stacked layers to the peripheral circuitry becomes increasingly complex.

51.  The introduction of the stair step structures (a.k.a. staircase structures,
stepped structures, stair-like structures, etc.) addresses this challenge. The terraced
design of the stair step structures ensures that each gate line within the memory stack
is exposed, enabling precise vertical connections via contact vias. For example, a
cross-sectional scanning electron microscope (SEM) image at a cell array edge of
the TCAT flash memory discussed in Section VI.A is illustrated in FIG. D below,
which depicts the terraced design of the stair step structure, such that contact vias

may connect to ends of the gate lines exposed by the terraced design.
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52.  The terraced design of the stair step structures is a cornerstone for high-

density, high-performance memory arrays, supporting the scalable integration of 3D

NAND flash memory as industry demand for faster and larger memory chips

continues to rise.

2. Formation of Stair Step Structures: Photolithography and
Etch Processing

53. The formation of the stair step structures relies on a combination of

advanced photolithography and etching techniques. These processes selectively

expose the gate lines and etch through the stack of alternating sacrificial layers (e.g.,

silicon nitride) and dielectric layers (e.g., silicon oxide) to form the desired stair step
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profile. In general, photolithography begins with the application of a light-sensitive
photoresist layer on the stack of alternating sacrificial layers and dielectric layers. A
mask is used to expose specific regions of the photoresist layer, which are then
developed to create patterns for etching. Two types of photolithography masks, step

masks and chop masks, can be applied to this process.
a. Step Mask

54. A step mask can be repeatedly applied throughout the photolithography
process to expose and etch specific regions of the stack of alternating sacrificial
layers and dielectric layers (e.g., alternating nitride and oxide layers) in order to form
the staircase profile. Specifically, a trim-etch technique is employed, allowing
multiple steps to be formed with a single step mask. FIG. E below provides a
detailed illustration of how the step mask is repeatedly patterned and trimmed both
laterally and vertically to define steps in the staircase structure. The step mask
undergoes a series of lateral and vertical trimming during the etching process,
sequentially exposing corresponding underlying alternating sacrificial layers and

dielectric layers in a controlled sequence.
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55.

With reference to section (a) of FIG. E, a step mask is deposited on a

stack of alternating sacrificial nitride layers and oxide layers. In section (b) of FIG.

E, the step mask is laterally and vertically trimmed. For example, the step mask is

trimmed by a width of a step in the lateral direction to expose the first topmost pair

of sacrificial nitride and oxide layers. Then, in section (c) of FIG. E, the first topmost

pair of sacrificial nitride and oxide layers is etched by the width of the step, and the
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second topmost pair of sacrificial nitride and oxide layers is exposed. Subsequently,
in section (d) of FIG. E, the step mask is pulled back (trimmed) to expose the first
topmost pair of sacrificial nitride and oxide layers by the width of the step again. In
section (e) of FIG. E, both the first topmost pair and the second topmost pair of
sacrificial nitride and oxide layers are etched by the width of the step again to expose
the third topmost pair of sacrificial nitride and oxide layers. This “trim-etch” process
is iteratively performed to etch the exposed alternating sacrificial nitride and oxide
layers and progressively reduces the mask’s size, as shown in sections (f) and (g) of
FIG. E, and continues until the entire staircase structure is formed, as shown in
section (h) of FIG. E.

56. This trim-etch approach significantly reduces the number of
lithography steps required to form the staircase structure. However, it demands a
thick photoresist layer capable of withstanding the multiple trimming and etching
cycles. Any errors in the trimming or etching process can accumulate, potentially
leading to misaligned steps or inconsistent connections. Such misalignments may
adversely affect step uniformity, resulting in defective gate line connections or
resistance variations that compromise device reliability.

57. After the staircase structure is defined using the step mask, a
passivation layer is deposited over the staircase structure. The passivation layer

serves to planarize the surface filling in the gaps and creating a flat and uniform
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surface. This planarization is crucial for the subsequent application of the chop mask
as it ensures that the photolithography process for defining additional areas of

contacts can be performed accurately.

b. Chop Mask

58. Strategic use of a chop mask can reduce the number of
photolithography steps required, thereby alleviating or preventing electrical
mismatches or defects caused by the step mask and meanwhile enabling connectivity
across multiple tiers of the memory stack without compromising reliability.
Depending on the complexity of the memory stack, a chop mask may be reused
iteratively or combined with other masks (e.g., step masks or other chop masks) to
expose gate lines across different tiers. EX1016, FIGs. 8A-8L, [0069]-[0077];
EX1017, FIGs. 6A-8B, [0036]-[0041]. By enabling reliable vertical connectivity,
the chop mask is a fundamental enabler of the 3D NAND architecture, ensuring the
proper functioning of these intricate multi-tiered memory structures.

59. Different from the step mask, which adopts the iterative trim-etch
process to form consecutive steps in the staircase structure, the chop mask may be
applied to etch (“chop off””) one or multiple pairs (or tiers) of sacrificial nitride and
oxide layers in a chopping process. For example, with reference to FIG. F shown
below, which includes annotated FIGs. 6A, 6B, 7B, and 8B of Jin (EX1017), three

chopping processes with three chop masks M1, M2, and M3 are respectively applied
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to form stair step structures in a contact region of a stack of alternating word line
layers 30 (word line layers 31-38) and interlayer dielectric layers 20. FIGs. 6B, 7B,

and 8B of Jin are cross sections along a line I-I of FIG. 6A.

Fig. 6A Fig. 6B
R(1), R(2) R(3) R(4) R(S) R(6) R(7)R(8)

sle» —ple—ple—ple—ple—»]
O ”

Memory cell regon[

o
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Contact region{

Fig. 8B

Fig. 7B R(1) R(z)ﬂi) R(4) R(5) R(6) R(7)R(8)

Rﬂ)RQFﬂ?RM)NQR%)NﬂM&

i A A

FIG. F-FIGs. 6A, 6B, 7B, and 8B of EX1017 (annotated)

60. As shown in FIGs. 6A and 6B of Jin, the contact region is divided into
eight contact portions R(1)-R(8), and a first chop mask M1 is formed on the stack to
cover a memory cell region and contact regions R(1)-R(4) and to expose contact
regions R(5)-R(8). The first chop mask M1 is used to etch (chop off) the four upper
most word line layers 31-34 (and the intervening interlayer dielectric layers 20) in

contact portions R(5)-R(8), while keeping the four lower most word line layers 35-
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38 intact, as shown in FIG. 6B. EX1017, [0036]-[0037].

61. Next, as shown in FIG. 7B of Jin, the first chop mask M1 is removed,
and a second chop mask M2 is applied to cover the memory cell region and contact
regions R(1)-R(2) and R(5)-R(6) and to expose contact regions R(3)-R(4) and R(7)-
R(8). The second chop mask M1 is used to etch (chop off) two word line layers 31-
32 (and the intervening interlayer dielectric layers 20) in contact portions R(3)-R(4)
and two word line layers 35-36 (and the intervening interlayer dielectric layers 20)
in contact portions R(7)-R(8). EX1017, [0038]-[0039].

62.  Subsequently, as shown in FIG. 8B of Jin, the second chop mask M2 is
removed, and a third chop mask M3 is applied to cover the memory cell region and
contact regions R(1), R(3), R(5), and R(7) and to expose contact regions R(2), R(4),
R(6), and R(8). The third chop mask M3 is used to etch (chop off) word line layer
31 (and the intervening interlayer dielectric layer 20) in contact portion R(2), word
line layer 33 (and the intervening interlayer dielectric layer 20) in contact portion
R(4), word line layer 35 (and the intervening interlayer dielectric layer 20) in contact
portion R(6), and word line layer 37 (and the intervening interlayer dielectric layer
20) in contact portion R(8). As a result, the sequential application of the three chop
masks M1, M2, and M3, as outlined above, provides the formation of staircase
structures in the contact region. EX1017, [0040]-[0041].

63. In another example, with reference to FIG. G shown below, which
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includes annotated FIGs. 8C, 8D, and &8I of Ha (EX1016), a chop mask and a
subsequent step mask are applied to form staircase structures in a stack 860 of
alternating conductive materials 861 and insulating materials (omitted in the figures).
FIGs. 8C and 8D of Ha show end views of the stack, whereas FIG. 81 shows a top

view of the stack. EX1016, [0069].

864 864 854 864
,‘Im\\mHmllmll ( |
| - I s | -
il | | | |\|
2 ] | \ I O | e
I Fig. 8C , Fig. 8D
Y
-e——
S R
| i ==
l l ] ; || g Lrm 968
S e T T
,ﬁff]fffl,'Tf,','ff,',',',',',',',',1,',','l""l"' T
| | | o |
| | 863 | o _]>-' 863
| l 7717 1 ||| ’E {(663 rssa
e I""ﬂ”’; ”””””””””””””””””
e
| L)y
— L1
Y L-i--_-—_--—_- -—-_-l-_----all

w—
- Fig. 81
X

FIG. G — FIGs. 8C, 8D, and 8I of EX1016 (annotated)
64. As shown in FIG. 8C of Ha, a chop mask including area masks (864)

formed of “chop mask material” is formed on stack 860. Next, as shown in FIG. 8D
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of Ha, with the chop mask, stack 860 is then processed to etch conductive materials
861 (and intervening insulating materials-not shown in the figure) into a number of
stack columns 863 (including outer stack columns in red, inner stack columns in
yellow, as shown in annotated FIGs. 8D and 81 of Ha). EX1016, [0070].

65. Subsequently, as shown in annotated FIG. 81 of Ha, a U-shaped area
mask 868 is applied to cover outer stack columns 863 (in red) and portions of inner
stack column 863 (in yellow), leaving the remaining portions of inner stack columns
863 uncovered by the U-shaped areca mask 868. A step mask (including first and
second photoresist masks 870 and 872) can be deposited on stack 860 and used to
pattern a stair step structure out of the remaining portions of inner stack columns
863, through photoresist mask configurations 874, 876, and 878 (in blue, green, and
purple dashed boxes shown in the annotated FIG. 81). That is, the step mask initially
covers the remaining portions of inner stack columns 863 as shown by photoresist
mask configuration 874. Next, the step mask is trimmed to photoresist mask
configuration 876, such that the upmost tier (e.g., the top pair) of conductive material
861 and the insulating material in the remaining portions of inner stack columns 863
exposed by the step mask is etched. Subsequently, the step mask is trimmed to
photoresist mask configuration 878, such that the two upmost tiers of conductive
material 861 and the insulating material in the remaining portions of inner stack

columns 863 exposed by the step mask are etched. EX1016, [0072]-[0077].
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66.  Asshown in the annotated FIG. 81 of Ha, the use of the chop mask (area
mask 864) in conjunction with the step mask (photoresist mask 870/872) can
“confine stair step formation to smaller areas and/or to areas closer to other features
than can be achieved, for example, if stair steps are formed around all sides of a
photoresist mask used alone,” e.g., without a chop mask. EX1016, [0078]. In this
manner (e.g., with the chop mask), “stair steps can be used in forming coupling from
smaller and/or more precisely-located areas adjacent a memory array to driver
circuitry.” EX1016, [0078].

E. Through-Array Vias (TAVs)

1. Introduction to TAVs

67. Vertical integration in semiconductor design plays an important role for
achieving higher storage densities and processing speeds. The concept of connecting
different layers of integrated circuits (ICs) has led to the development of Through
Silicon Vias (TSVs), an interconnection technology that enables 3D IC architectures
to improve performance and density of devices per square centimeter of the
expensive silicon wafer real estate.

68. In early 3D NAND flash memory products, peripheral circuits (e.g.,
page buffers, row decoders, etc.) are located laterally outside of the cell array area,
following a conventional 2D chip layout as illustrated in section (a) of FIG. H below.

To increase the degree of integration of the flash memory such that the chip size as
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well as the bit cost can be reduced, the peripheral circuits can be formed under a cell
array as illustrated in section (b) of FIG. H below. By forming the peripheral circuits
underneath the cell array area, the cell efficiency can be expected to improve
significantly. The memory chip size can be drastically reduced, so that the bit cost

can be reduced.
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69. TAVs are a variation of TSVs specifically optimized for connecting
peripheral circuits under the memory cell array as shown in section (b) of FIG. H
above. In a 3D NAND memory, interconnects like word lines (WLs) are thin and
long, leading to high resistance and nonuniformities due to statistical process
variations. The high resistance and nonuniformities can degrade memory
performance and functionality, even when the memory cells themselves remain
intact. To mitigate this, reducing the length of interconnects (both lateral and vertical)
is important. TAV structures achieve this goal by enabling vertical connections to
the peripheral circuitry placed beneath the memory cell array (as shown in section
(b) of FIG. H), instead of requiring long lateral interconnects to the peripheral
circuitry that consume additional silicon real estate with increased interconnect
lengths (as shown in the 2D layout in section (a) of FIG. H). TAV structures not
only reduce resistance but also minimize parasitic capacitances to nearby structures,
thereby significantly lowering the RC time delay (t = R x C). The combined
reduction in resistance and parasitic capacitances greatly improves the operational
speed and efficiency of the 3D NAND memory.

2. Formation of TAVs

70.  There are various approaches to accommodate TAVs in the 3D NAND
architectures. In a first example approach, TAVs are formed to extend through a

stack of alternating conductive and dielectric materials to connect to a peripheral
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circuitry underneath the memory stack. Spacers including insulating materials are
formed to surround the TAVs to provide electrical isolation between the TAVs and
the conductive materials. For example, as shown in FIG. I below, which includes
annotated FIG. 1B of Shin (EX1009), vertical contacts 232 (in red, TAVs) penetrate
a stack of conductive lines 192, 194, 196, 198 and insulating layers 193, 195, 197,
199, and are electrically connected to a peripheral circuit gate structure 120
underneath (in a green dotted box) through a lower interconnection structure 150 (in
blue). EX1009, [0049], [0073]. Spacers 240 (in yellow) are formed on sidewalls of
vertical contacts 232, respectively, to provide electrical isolation between vertical
contacts 232 and conductive lines 192, 194, 196, 198, as well as among conductive

lines 192, 194, 196, 198. EX1009, [0074].
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FIG. I-FIG. 1B of EX1009 (annotated)
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71.  In a second example approach, an insulating structure may be formed
in the stack of alternating conductive and dielectric materials. A TAV can be formed
to extend through the insulating structure to connect to the peripheral circuitry
underneath the insulating structure. The insulating structure provides electrical
isolation between the TAV and the conductive materials. For example, as shown in
FIG. J below, which includes annotated FIG. 32A of Lim (EX1006), a contact plug
52 (in black, TAV) passes through an insulating structure 123 (in yellow) to connect
to a peripheral transistor PTR (in a green dotted box) through a peripheral
interconnection structure PW1 (in blue). EX1006, [0076], [0270], [0278]; EX1008,

1928, 223, 231.

FIG. 32A
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FIG. J - FIG. 32A of EX1006 and EX1008 (annotated)

72.  Inathird example approach, a stack of alternating dielectric layers may
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remain within the stack of alternating conductive and dielectric materials. A TAV
can be formed to extend through the stack of alternating dielectric layers (e.g., silicon
nitride and oxide) to connect to the peripheral circuitry underneath the memory stack.
The stack of alternating dielectric layers provides electrical isolation between the
TAV and the conductive materials. For example, as shown in FIG. K below, which
includes annotated FIG. 26A of Lim, contact plug 52 (in black, TAV) passes through
a stack of alternating dielectric materials (in yellow) to connect to a peripheral
transistor PTR (in a green dotted box) through a peripheral interconnection structure

PW1 (in blue). EX1006, [0076], [0234]; EX1008, 9928, 186.

46(46a) 46(46b) 46(46c)
)38b 52 40
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FIG. K —FIG. 26A of EX1006 and EX1008 (annotated)
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VII. Overview of the 974 Patent
A.  Subject Matter Overview

73.  The ’974 Patent is titled “Microelectronic devices and related methods.”
The 974 Patent was issued on August 6, 2019, from U.S. Patent Application No.
16/051,886, filed on August 1, 2018, with the earliest filing date of November 16,
2015 of its parent applications. See EX1001, Cover.

74. The 974 Patent relates to semiconductor devices having vertical
memory blocks with slots and conductive through-array vias. EX1001, 1:17-22.
The *974 Patent “develop[s] improved structures and methods of forming vertical
memory arrays with through-array vias for semiconductor devices (e.g., vertical
memory devices, such as NAND Flash memory devices) that reduce the number and
complexity of additional processing acts practiced in conventional methods and
structures.” EX1001, 2:8-14.

75.  The ’974 Patent states that “the methods described herein enable the
formation of through-array vias 120 without the need for removing conductive
material 116 and other portions of the vertical memory block 100 in a separate
material removal act to form the conductive vias 120.” EX1001, 12:57-61.

L Embodiments related to the Challenged Claims

76. A top view of a vertical memory block 100 of the 974 Patent is

illustrated in FIG. L below, which includes annotated FIG. 1 of the 974 Patent. As
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shown in FIG. L, in the longitudinal direction y, memory block 100 includes a
memory array region 102 (in blue dashed box) in the middle, two stair step regions
104 (in red dashed boxes) at two opposite ends, and two via regions 106 (in black
dashed boxes) between memory array region 102 and stair step regions 104,
respectively. EX1001, 4:19-26. In memory array region 102, an array of memory
cell pillars 108 (in blue) “may each extend vertically through the vertical memory

block 100.” EX1001, 4:30-32.
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FIG. L — FIG. 1 of EX1001 (annotated)
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77.  As shown in FIG. L above, slots 114 (in green), filled with a dielectric
material (e.g., silicon oxide), “may extend through the memory array region 102
proximate to and between adjacent memory cell pillars 108.” EX1001, 4:37-40.
Further, as illustrated in FIG. M below, which includes annotated FIG. 3 of the 974
Patent, slots 114 (in green) “may vertically extend through a stack of alternating

conductive word lines 116 and first dielectric materials 132.” EX1001, 6:13-15.
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FIG. M - FIG. 3 of EX1001 (annotated)
78.  As shown in FIG. L above, conductive word lines 116 (in gray) “may
extend along the slots 114 and be coupled to the memory cell pillars 108” to form

memory cells with memory cell pillars 108. EX1001, 4:57-65. Adjacent conductive
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word lines 116 in the x-direction are split by slots 114, and conductive word lines
116 and slots 114 both extend further from memory array region 102 into via regions
106 and stair step regions 104. EX1001, 5:57-61.

79. In memory array region 102, an array of memory cell pillars 108 (in
blue) “may each extend vertically through the vertical memory block 100.” EX1001,
4:30-32. “Each of the memory cell pillars 108 may include a central region 110 of
a semiconductor material, such as a polysilicon or silicon-germanium material, at
least partially surrounded by a charge trapping material 112, such as an oxide-
nitride-oxide (“ONO”) material.” EX1001, 4:32-37.

80. In each via region 106, conductive vias 120 (in black), “also referred to

999 ¢¢

as ‘through-array vias’ or ‘TAVs,”” “may extend through the vertical memory block
100 within the dielectric stacks 118,” where each dielectric stack 118 includes a
stack of “alternating dielectric materials (e.g., alternating oxide and nitride
materials).” EX1001, 5:14-21. For instance, with reference to FIG. M shown above,
conductive via 120 (in black) may operatively couple a sub-array circuitry 136 (in
yellow) to vertical memory block 100. EX1001, 6:52-54. In each stair step region
104, one or more stair step structures 122 (in red) are formed “for electrically

contacting and accessing different overlapping conductive word lines 116 and “may

include contact regions 124 (e.g., ‘stairs’) ... arranged like a staircase.” EX1001,

5:27-33.
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81.  FIG. N below shows another embodiment of a vertical memory block
500, which includes annotated FIGs. 7 and 8 of the 974 Patent. Vertical memory
block 500 includes features and elements similar to vertical memory block 100
described above with reference to FIGs. L and M. EX1001, 8:49-53. Additionally,
as shown in FIG. N, vertical memory block 500 further includes an additional slot
514A (in blue) that further splits a conductive layer 516 in the stair step region into
distinct word line portions 516B and 516C (in gray). Additional slot 514A may
extend in a longitudinal y-direction to proximate but not connect with another slot

514 (in green). EX1001, 9:5-15.
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FIG. N — FIGs. 7 and 8 of EX1001 (annotated)
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2. Applicant-Admitted Prior Art

82. Inoted that, in various instances, the 974 Patent acknowledges certain
technologies used in 3D NAND flash memory as well-known prior art. In my
declaration, I refer to these acknowledgments as applicant-admitted prior art
(“AAPA”). These self-admissions are consistent with the state of the art before
the ’974 Patent, as discussed in Section VI. See Section VI.

83. For example, in its Background Section, the 974 Patent expressly
describes that conventional MONOS type memory arrays may be formed by (i)
forming the semiconductor pillars through a stack of alternating first and second
dielectric materials, (i) forming slots through the stack adjacent to the
semiconductor pillars, (ii1) removing the second dielectric materials through the slots,
and (iv) replacing the second dielectric materials with a conductive material to form
word line plates. During such a process, the second dielectric material is replaced
by the conductive material, such that a body of the vertical memory array includes
alternating layers of the first dielectric material and the conductive word line plates.
EX1001, 1:43-59. In other words, the 974 Patent explicitly acknowledges that the
process of forming “alternating layers of the first dielectric material and the
conductive word line plates” is “conventional” (referred to herein as “AAPA-1").
This process is widely recognized by a POSITA as the “gate replacement process,”

as I explained in Section VI.C above.
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84.  Further, the 974 Patent states that “[a]s is known by those of ordinary
skill in the art, stair step structures for electrical connection to conductive word
lines (or word line plates) at the tiers of vertical memory blocks may be formed by
utilizing a so-called ‘stair step mask’ and, optionally, one or more so-called ‘chop
masks.”” EX1001, 9:30-34. Following immediately, the 974 Patent describes a
trim-etch process, which is a well-known technique to a POSITA, as I explained
above in Section VI.D.2.a, for creating consecutive steps with the “stair step mask”
as follows:

“A stair step mask may be formed over the vertical memory block while
leaving one step-width (e.g., a width of one contact region 524
measured in the longitudinal direction y) exposed. One or more tiers of
conductive material (e.g., of the conductive word lines 516) exposed
through the stair step mask may be removed, such as by a first cycle of
anisotropic material removal (e.g., etching). An edge of the stair step
mask may be removed to recess the edge of the stair step mask and to
expose another step-width, in addition to the original exposed step-
width. Another cycle of material removal may be performed to remove
another one or more tiers of conductive material exposed through the
recessed stair step mask. The process may be repeated to form a desired
number of contact regions (e.g., contact regions 524, also referred to as
“stairs”).” EX1001, 9:34-49.

85.  Subsequently, before “[r]eturning to methods and structures of the
present disclosure” (EX1001, 10:13-14), the ’974 Patent further describes a
chopping process using chop masks, which is also a well-known technique to a
POSITA, as I explained above in Section VI.D.2.b. Specifically, the 974 Patent

describes the following:
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“A chop mask may be used cover one or more particular stair step
structures or portions thereof (e.g., one or more of the stair step
structures 522, 522A, 522B, 522C, 522D), while leaving one or more
other stair step structures or portions thereof exposed through the chop
mask. The entire exposed one or more other stair step structures or
portions thereof is vertically recessed, such that one or more exposed
tiers is removed. Thus, the one or more stair step structures exposed
through the chop mask may be vertically recessed from the one or more
stair step structures that is covered by the chop mask, such that the one
or more exposed stair step structures defines contact regions (“‘stairs”)
for tiers that are lower than the tiers having contact regions (“stairs”)
for the one or more stair step structures covered by the chop mask. A
chop mask may be used before or after the stair step mask is used. Chop
masks are used to provide contact to additional tiers of the vertical
memory block while reducing the size of an area that the stair step
structures cover. In addition, process control of removing material
utilizing a stair step mask to form a stair step structure, as described
above, may be difficult to maintain for a large number of cycles (e.g.,
more than about 12 cycles) and tiers. A single chop mask may be used
to double the number of contact regions (“stairs”) of a stair step
structure formed using a single stair step mask. By way of a non-
limiting example, a stair step mask may be used to form a stair step
structure of 12 contact regions, for accessing 12 respective tiers. A chop
mask may be used to expose and access 12 additional tiers underlying
the 12 tiers formed by the stair step mask alone.” EX1001, 9:50-10:11.

86.  Further, the 974 Patent acknowledges that “[a]s generally described
above with reference to FIGS. 7 and 8, the stair step structures 122 may be formed
using a stair step mask and, optionally, one or more chop masks, as is known to one
of ordinary skill in the art.” EX1001, 12:36-39.

87. Thus, the 974 Patent provides detailed descriptions of forming
staircase structures using the stair step mask and chop masks, characterizing those

processes as “known by those of ordinary skill in the art” (referred to herein as
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“AAPA-2"). AAPA-2 includes the trim-etch process for creating consecutive steps
with the “stair step mask,” as well as the chopping process with the “chop masks,”
both of which are well-known techniques to a POSITA. See Section VI.D.2.

88. I noted that the 974 Patent clearly delineates the scope of AAPA-2
(EX1001, 9:30-10:11) by explicitly prefacing it with the phrase “[a]s is known by
those of ordinary skill in the art” (9:30) and concluding it immediately before the
statement “[r]eturning to methods and structures of the present disclosure” (EX1001,
10:12-13). Thus, it is very clear to me that the 974 Patent acknowledges that the
entire two paragraphs between column 9, line 30 and column 10, line 11 are “known
by those of ordinary skill in the art.” EX1001, 9:30.

B.  File History of the 974 Patent

89. I have reviewed the File History of the 974 Patent. In the first Office
Action on March 19, 2019, the Examiner rejected claims 1-20 of the *974 Patent on
the ground of nonstatutory double patenting over its two parent patents: U.S. Patent
Nos. 9,728,548 and 10,062,708. EX1002, 66-68.

90. The Office Action also indicated allowable subject matter in
independent claims 1, 7, and 14, stating that the prior art on the record failed to teach
the following claim limitations (with emphasis in italics):

Stair step structures in at least one stair step region,

conductive vias in at least one via region at least partially
located between the memory cell region and the at least one stair
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step region,

a dielectric material within slots extending between adjacent
access line portions of individual access lines within the at least
one stair step region. (claim 1)

forming stair step structures in the stair step region,
forming conductive vias in the via region,

forming slots extending between adjacent portions of individual
access lines within the stair step region; and

forming a dielectric material within the slots. (claim 7)

forming conductive vias adjacent the array of memory cells, the
conductive vias formed adjacent sub-array circuitry underlying
the stack;

forming at least one stair step region comprising stair step
Structures using a stair step mask, ...

removing at least a portion of the stair step structures using at

least one chop mask. (claim 14)
EX1002, 68-69.

91. Inresponse, Patent Owner filed a terminal disclaimer against the parent
patents without making any substantive arguments on March 26, 2019. EX1002, 56.
The Examiner then issued a Notice of Allowance on April 17, 2019. EX1002, 39.

C. Interpretation of the 974 Patent Challenged Claims

92. Thave been instructed that the Challenged Claims of the ’974 Patent are
to be given their ordinary and customary meaning as understood by a POSITA at the
time of the alleged invention in light of the specification and the prosecution history
pertaining to the patent. I have followed these principles in my analysis set forth in

this declaration. I reserve the right to supplement my opinions in this declaration to
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the extent that any parties later propose claim constructions for any claim terms in
the *974 Patent.

VIII. Overview of the Cited References

93. General descriptions provided for the following references and
combinations thereof are incorporated into each subsection and mapping of the

claims that includes citations to these references.

A.  Lee (EX1004)

94. Lee is directed to 3D semiconductor devices. EX1004, [0003]. Lee
“has been made in an effort to provide a three-dimensional semiconductor device
capable of reducing a size of a semiconductor device and simplifying a
manufacturing process.” EX1004, [0009], [0011].

1 Memory Cell Array

95. With reference to FIG. O shown below, which includes annotated FIGs.
1 and 2 of Lee, a semiconductor device 1000 may include a memory cell array 100
(in blue) and a peripheral circuit 200 configured to perform a program operation, a
read operation, or an erase operation of memory cell array 100. EX1004, [0028].
Memory cell array 100 includes memory blocks 110 (in red). Peripheral circuit 200
includes a plurality of circuits, including row decoders 220a and 220b (in yellow)
disposed under memory cell array 100, which may “decrease a size of the

semiconductor device.” EX1004, [0029]-[0031].
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FIG. O — FIGs. 1 and 2 of EX1004 (annotated)

96. A region 100a (in a green dashed box) of memory cell array 100 shown
in FIG. O is illustrated in FIG. P below. Memory cell array 100 includes a first
slimming region SL1, a memory region MC, and a second slimming region SL2
arranged in the X-direction, with slimming regions SL1 and SL2 disposed on two
opposite ends. The region in which memory blocks 110 are formed is defined as
memory region MC. EX1004, [0034]. Vertical channel layers VC (parts of memory
cell strings, see FIG. 3 of Lee) are formed in memory region MC. EX1004, [0036].

97. Inoted that the “X-direction” in the figures of Lee corresponds to the
“y-direction” in the ’974 patent, commonly known as the word line direction.
Similarly, the “Y-direction” in the figures of Lee corresponds to the “x-direction” in

the *974 Patent, commonly known as the bit line direction. EX1004, [0045].
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FIG. P — FIG. 4 of EX1004 (annotated)

98.  Inthe Z-direction, memory cell array 100 includes a stack of alternating
insulating layers 10a (in brown) and conductive layers 10b (in gray). EX1004,
[0046]. Conductive layers 10b form source select lines SSL, word lines WL, and
drain select lines DSL, which “are located in the memory region MC and extend in
the X-direction hav[ing] step forms in the first slimming region SL1 and the second
slimming region SL2.” EX1004, [0045], [0046]. Lee refers to source select lines
SSL, word lines WL, and drain select lines DS collectively as “gate lines.” EX1004,
claim 2.

2. Contact Plugs in Second Slimming Region SL2
99.  As shown in FIG. P above, in a step structure of the second slimming
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region SL2, contact plugs Cx2 (in black) are formed on the exposed ends (in orange)
of gate lines SSL, WL, and DSL, which are respectively connected to row decoder
220a (in yellow) for transmitting operation voltages. EX1004, [0047].

100. Further, to reduce device size, Lee implements electrical connections
between memory blocks 110 and sub-array row decoder 220a using various forms
of TAVs in various contact regions arranged in the X-direction of slimming regions
SL1 and SL2, as illustrated in FIGs. 11-14 of Lee.

101. For example, first contact plugs 32 (in black) are formed in a contact
region CR21 of second sliming region SL2, as shown in FIG. Q below, which
includes annotated FIG. 11 of Lee. FIG. Q shows detailed structures of second
slimming region SL2 (also see FIG. 6 of Lee). Second slimming region SL2 includes
a contact region CR21 (in light blue), a step region ST21 (in red), a contact region
CR22, a step region ST22, a contact region CR23, and a step region ST23
sequentially defined in the X-direction. EX1004, [0056]. That is, with combined
reference to FIGs. P and Q, contact region CR21 (in light blue) is positioned between
memory region MC (in light green) and step region ST21 (in red). First contact
plugs 32 (in black) are formed vertically, passing through a first blocking layer 31,
in contact region CR21 to connect first row decoder 220a located below memory

block 110. EX1004, [0077], [0078].
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FIG. Q — FIG. 11 of EX1004 (annotated)

102. The top portion of FIG. Q also shows two additional step regions ST22
and ST23, where more exposed ends of word lines WL are formed in pad regions

P11, P12, and P13 along the Y-direction to increase the degree of integration.

EX1004, [0063].
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3. Slots

103. In memory region MC, the gate lines (including source select lines SSL,
word lines WL, and drain select lines DSL) formed by conductive layers 10a are
spaced apart from each other in the Y-direction. A spaced structure of the
respective gate lines SSL, WL, and DSL is omitted. EX1004, [0039]-[0041], [0046].
Thus, it 1s clear to me that, in memory region MC, parallel slots (for accommodating
the spaced structure, in dark green) are present, which extend in the X-direction
between adjacent gate lines and in the Z-direction through alternating insulating
layers 10a and conductive layers 10b forming the gate lines.

104. Further, as shown in FIG. P above, the gate lines (including source
select lines, word lines WL, and drain select lines DSL) extend across first slimming
region SL1, memory region MC, and second slimming region SL2 in the X-direction.
EX1004, [0049], [0050], [0053], [0054]. Thus, it is clear to me that parallel slots
(parts of which are shown in dark green in FIG. Q above) are present and extend
between adjacent gate lines throughout first slimming region SL1, memory region
MC, and second slimming region SL2 in the X-direction (e.g., throughout memory
cell array 100 in the X-direction). In the Z-direction, the parallel slots extend
through alternating insulating layers 10a and conductive layers 10b.

105. For example, as illustrated in the enlarged view of contact region CR21

and part of step region ST21 in the bottom portion of FIG. Q shown above, the
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parallel slots (in dark green) extend in the X-direction through contact region CR21
and step region ST21 and in the Z-direction through alternating insulating layers 10a
(in brown) and conductive layers 10b (in gray). Furthermore, additional parallel
slots (in dark blue) extend along the X-direction in part of step region ST21, further
dividing conductive layers 10b at the drain select lines (DSL) levels into DSL
portions.

106. Lee further discloses that the gate lines (e.g., word lines WL) formed
on the same conductive layer 10b, though divided by the slots (in dark green), remain
connected. EX1004, [0082]. Specifically, Lee explains that as “unit[s] of the cell
string,” the word lines WL within the same conductive layer 10b are connected
through various connecting structures, including but not limited to contact plugs 41
and wires 42. EX1004, [0082], [0087], FIGs. 12-13. Additionally, the DSL portions
divided by the additional slot (in dark blue) are electrically connected to row decoder
220a via contact plugs 32 and 34, as shown in the bottom portion of FIG. Q above.
EX1004, [0079]. Also, as illustrated in the bottom portion of FIG. Q above, the two
DSL portions, although divided by the same additional slot (in dark blue) at the same
vertical level, remain interconnected through the still-connected area in contact
region CR21. See also EX1004, FIG. 12.

4. Fabrication Process for Forming Stair Step Structures
107. Lee also discloses the fabrication process for forming its first and
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second slimming regions SL1 and SL2, including stair step structures. EX1004,
[0064]-[0074], FIGs. 7-10. Specifically, Lee provides detailed descriptions of the
“slimming process of etching gate lines extended from the memory region MC to
the first slimming region SL1 and the second slimming region SL2, respectively, in
a step form or a pad form,” as I will further explain in detail below in Section IX.G.
EX1004, [0065]-[0066]; see Section IX.G.

B. Freeman (EX1005)

108. Freeman is directed to 3D semiconductor devices, in particular,
methods for forming stair-step structures and devices including stair-step structures.
EX1005, [0001]. Freeman discloses “[s]everal embodiments of stair-step structures
and methods for forming stair-step structures,” by which “a margin of error in
forming the plurality of stair-steps may be kept to a more reasonable and attainable
level,” “a stair-step structure of the present disclosure may cover less area than some
conventional stair-step structures,” and “a space between adjacent stair-step
structures may be reduced in size.” EX1005, [0061].

109. Freeman’s methods for forming stair-step structures, specifically, the
usage of a stair step mask and chop masks, matches well with AAPA-2, as well as
the state-of-the-art discussed in Section VI.D.2, and supplements additional details

to AAPA-2, as I will explain below in more detail in Section X.A.
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L. First Embodiment of Forming Stair-Step Structure

110. FIGs. 2 through 10 of Freeman illustrate a first embodiment of a process
for forming a stair-step structure. EX1005, [0009]. In the first embodiment, a first
mask 116, “referred to as a stair-step mask 116,” is used to form an intermediate
stair-step structure 150 in a stair-step region 124 (shown in FIG. 6 of Freeman), and
a second mask, “referred to as a chop mask 126,” is then used to form a stair-step
structure 100 having two regions 170 and 180 with separate contact regions (shown
in FIG. 9 of Freeman). EX1005, [0028], [0035], [0036], [0038].

111. Specifically, a trim-etch process to form intermediate stair-step
structure 150 1s 1llustrated in FIG. R below, which includes FIGs. 2-5 of Freeman.
First, in FIG. 2, stair-step mask 116 is patterned over a stack of conductive material
112 and insulating material 114b such that stair-step mask 116 is trimmed vertically
and laterally. For example, stair-step mask 116 is trimmed laterally by removing a
portion thereof at an outer edge of stair-step region 124, with a width 111 of a step.

EX1005, [0028].
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124

FIG. 5

112. Second, in FIG. 3, a portion of a first set 115a of insulating material

114a and conductive material 112a exposed through stair-step mask 116 is removed

by one cycle of anisotropic etch 118. EX1005, [0030], [0031].

113. Third, still in FIG. 3, stair-step mask 116 is patterned again by removing
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another portion thereof (recessed) to expose another portion of insulating material
114a in first set 115a, with the width of a step. EX1005, [0032].

114. Fourth, in FIG. 4, the exposed portions of both first and second sets
115a and 115b are removed by one cycle of anisotropic etch 118. EX1005, [0033].

115. The processes described above with reference to FIGs. 2-4 of Freeman
are repeated multiple times, as illustrated in FIG. 5, to form intermediate stair-step
structure 150 shown in FIG. 6. EX1005, [0034]-[0035].

116. Further, a chopping process to form stair-step structure 100 is illustrated
in FIG. S below, which includes FIGs. 7 and 8 of Freeman. To begin with, Freeman
discloses, “[r]eferring now to FIG. 7, a second mask 126 (also referred to as a chop
mask 126) may be formed over the insulating materials 114a through 1141 and
patterned to cover the array region 122 (not shown in FIG. 7) and a first region 170
of the stair-step region 124, while leaving a second region 180 of the stair-step region
124 exposed.” EX1005, [0036]. That is, Freeman further discloses chop mask 126
1s patterned over insulation layers 114, covering a first region 170 of stair-step region

124 while leaving a second region 180 exposed. EX1005, [0036].
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FIG. 8

FIG. 7

FIG. S — FIGs. 7 and 8 of EX1005

117. Next, as shown in FIG. 8, Freeman discloses “[t]he second region 180
may then be subjected to an anisotropic etch 128, including enough cycles to remove
material from a number of sets 115 to expose the sets 115 of the bottom half of the
stack, as shown in FIG. 8,” where anisotropic etch 128 may include: “a first dry etch
act that selectively removes exposed portions of the insulating material 114; a second
dry etch act that removes portions of the conductive material 112 that are exposed
by the first dry etch act; a third dry etch act that removes portions of the insulating
material 114 that are exposed by the second dry etch act; and so forth until the
desired amount of material is removed.” EX1005, [0037]. That is, Freeman

discloses that the exposed second region 180 is then etched to remove materials from
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a number of sets 115 to expose sets 115 in the bottom portion of the stack, while
leaving first region 170 covered by chop mask 126 intact. EX1005, [0037]. Once
chop mask 126 is removed, stair-step structure 100, having separate contact regions

in regions 170 and 180, is formed. EX1005, [0038], FIG. 9.

2. Second Embodiment of Forming Stair-Step Structure

118. FIGs. 11 through 14 of Freeman illustrate a second embodiment of a
process for forming a stair-step structure. EX1005, [0043]. FIG. T below includes
FIGs. 11 and 12 of Freeman, FIG. U below includes FIG. 13 of Freeman, and FIG.
V below includes FIG. 14 of Freeman.

119. First, as shown in FIG. 11, an intermediate stair-step structure 250 may
be formed using stair-step mask 116 by performing operations like those described
above with reference to FIG. R. Steps are formed in the topmost four sets 215 (215a
through 215d) of insulating materials 214 (214a through 214d) and conductive
materials 212 (212a through 212d). EX1005, [0043]. A second mask 236 (a first
chop mask 236) is formed over intermediate stair-step structure 250 by covering a

first region 240 while exposing a second region 260. EX1005, [0043].
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FIG. T — FIGs. 11 and 12 of EX1005

120. Second, as shown in FIG. 12, an anisotropic etch 238 including four
cycles of removing insulating material 214 and conductive material 212 is performed
on intermediate stair-step structure 250 to expose and form steps in the next four sets
215 (215e through 215h) in the exposed second region 260. A stair-step structure in
the current form shown in FIG. 12 is formed. EX1005, [0043], [0044].

121. Third, with reference to FIG. 13 (shown in FIG. U below), a third mask
246 (a second chop mask 246 in addition to second mask/first chop mask 236) may

be formed (1) over exposed insulating material 214a through 214d of a first portion
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241 of first region 240 (FIG. 12) and (i) over exposed insulating material 214e
through 214h of a first portion 261 of second region 260 (FIG. 12). Third mask 246
(second chop mask 246) is patterned to expose a second portion 243 of first region
240 and a second portion 263 of second region 260. EX1005, [0045].

]

'

214h \E/Q

i

/_ 241

/261
/263
N
224
FIG. 13 FIG. 14

FIG. U - FIG. 13 of EX1005 FIG. V —FIG. 14 of EX1005

122. Fourth, with reference to FIG. 14 (shown in FIG. V above), another
anisotropic etch 248 including eight cycles of removing insulating material 214 and

conductive material 212 is performed to remove material from eight sets 215 in each
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of the exposed portions 243 and 263. EX1005, [0046]. A resulting stair-step
structure 200 includes four distinct regions 243, 241, 261, and 263 laterally adjacent
one another, each providing exposure to a distinct one-fourth of the total number of
sets 215. EX1005, [0046].

123. Freeman explains that the second embodiment “may begin in a similar
fashion to that illustrated in FIGS. 2 through 6 to form an intermediate stair-step
structure 250.” EX1005, [0043]. Itis clear to me that Freeman’s second embodiment
of forming stair-step structures uses two chop masks (e.g., 236 and 246) for the
chopping process, as well as a single stair-step mask (e.g., 116) for the trim-etch
process.

C. Lim (EX1006, EX1008)

124. Lim is directed to semiconductor devices and manufacturing methods
thereof. EX1006, [0003]; EX1008, [P1. Lim acknowledges the need for increasing
semiconductor devices’ degree of integration in reducing their costs. EX1006,
[0005]; EX1008, P2. To meet such a need, Lim discloses various designs and
fabrication processes related to TAVs. EX1006, [0320]-[0321]; EX1008, [PP14-15.

1. First Embodiment of Semiconductor Device

125. A plan view of a first embodiment of a semiconductor device is shown
in FIG. W below, which includes annotated FIG. 2A of Lim. A cross-sectional view

showing areas taken along the lines I-I’ and II-II” of FIG. 2A is shown in FIG. X
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below, which includes annotated FIG. 3A of Lim. EX1006, [0074]; EX1008, [P26.

FIG. 2A
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FIG. W —FIG. 2A of EX1006 and EX1008

FIG. 3A
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FIG. X - FIG. 3A of EX1006 and EX1008

126. As shown in FIGs. W and X above, the semiconductor device includes
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(1) cell array areas CA (in blue dashed boxes) where cell vertical structures CV (in
blue) are formed, (ii) an area (in black dashed box) where bit line lower contact plugs
52 in bit line contact structures 72 (in black) are formed, and (iii) step areas ST1 and
ST3 (in red dashed boxes) at opposing ends each having step structures (in red).

EX1006, [0086], [0089], [0098], [0109]-[0110]; EX1008, P38, 41, 50, 61-62.
a. Cell Source Patterns

127. As shown in FIGs. W and X above, cell source patterns 46 (in green),
each including a conductive material (in dark green in FIG. 3A) and an insulating
spacer 40 (in light green in FIG. 3A, e.g., silicon oxide) surrounding the conductive
material, are formed to “cross the cell array area CA and to extend into the first and
third step areas ST1 and ST3.” EX1006, [0104]; EX1008, P56, 180, 229.

128. Parallel cell source patterns 46 with different distances are formed
along the Y-direction (bit line direction), each of which extends in the X-direction

(word line direction). EX1006, [0104], [0106]; EX1008, P56, 58.
b. Cell Gate Conductive Structures GS1, GS2, and GS3

129. Asshown in FIGs. W and X above, cell gate conductive structures GS1,
GS2, and GS3 (in gray) “may extend from the cell array area CA into the first and
third step areas ST1 and ST3.” EX1006, [0087]; EX1008, P39. Each cell gate
conductive structure GS1, GS2, or GS3 includes cell gate conductive patterns 38a

(shown in FIG. 3A), which are stacked and spaced apart from each other so as to
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have a step structure in step areas ST1 and ST3. EX1006, [0089]; EX1008, P41.
c. TAVs

130. To enhance the integration density of semiconductor devices, Lim
discloses various types of through-array vias (TAVs) that “vertically pass through
the memory cell array area or are disposed near the memory cell array area” to
establish vertical electrical connections to underlying components. EX1006, [0321];
EX1008, 915.

131. For example, as illustrated in FIG. X above, Lim describes contact plug
52 (black) passing through insulating structure 23 (purple) to electrically connect
with peripheral transistors PTR (yellow) located beneath the memory block. EX1006,
[0110]; EX1008, 962. Notably, similar to the *974 Patent, insulating structure 23,
through which contact plug 52 passes, also includes a stack of alternating first and
second insulating patterns 20a and 22a (e.g., alternating layers of silicon oxide and
silicon nitride). EX1006, [0092], [0093]; EX1008, 9944, 45.

2. Fabrication Process of First Embodiment of Semiconductor
Device

132. Lim further discloses the detailed fabrication process of forming the
first embodiment of the semiconductor device shown in FIGs. W and X above, such
as the process for forming the stair step structures. EX1006, FIGs. 19-26B, [0196],

[0197], [0208], [0227]; EX1008, FIGs. 19-26B, PP148, 149, 160, 179.
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a. Partial Gate Replacement

133. To form contact plugs 52 passing through the stack of alternating first
and second insulating patterns 20a and 22a, Lim discloses a ‘“partial gate
replacement” process modified from the well-known gate replacement process.
Specifically, with reference to FIG. Y below, which includes annotated FIG. 23A of
Lim, a first trench 34a, a second trench 34b, and a third trench 34c (collectively
“trenches 34,” in green dash boxes) are formed to pass through a molding structure
MS, among others, to expose a semiconductor pattern 14 underneath molding
structure MS. EX1006, [0216]; EX1008, [P168. Molding structure MS includes
alternating first molding layers 20 (silicon oxide) and second molding layers 22

(silicon nitride). EX1006, [0208], [0209]; EX1008, PP160, 161.

FIG. 23A
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FIG. Y — FIG. 23A of EX1006 and EX1008 (annotated)
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134. Lim also discloses etching parts of second molding layers 22 through
trenches 34a, 34b, and 34c¢ to form empty spaces 36. EX1006, [0221]; EX1008, [P173.
Because a distance between adjacent first and second trenches 34a and 34b is greater
than a distance between adjacent second and third trenches 34b and 34c, second
molding layers 22 between adjacent second and third trenches 34b and 34c are
completely etched, whereas parts of second molding layers 22 which are located
between first and second trenches 34a and 34b may “remain by partially etching”
second molding layers 22 between first and second trenches 34a and 34b. EX1006,
[0219], [0222]-[0224]; EX1008, PP171, 174-176. Thus, insulating structure 23 (in
purple) is “defined” herein to include a stack of alternating first insulating patterns
20a (parts of first molding layers 20) and second insulating patterns 22a (parts of
second molding layers 22). EX1006, [0225]; EX1008, [P177.

135. 1In other words, by forming “second and third trenches 34b and 34c in
FIG. 23A [] more closely spaced apart from each other than the first and second
trenches 34a and 34b,” after etching second molding layers 22 (e.g., silicon nitride)
exposed by trenches 34 (in green dashed boxes), parts of second molding layers 22
that are “located between first and second trenches 34a and 34b, which are more
widely spaced apart from each other, may remain by partially etching,” thereby
forming the stack of alternating first and second insulating patterns 20a and 22a

(defined as insulating structure 23, in purple). EX1006, [0219], [0221], [0222],
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[0225]; EX1008, PP171, 173, 174, 177.

136. Next, with reference to FIG. Z below, which includes annotated FIG.
24A, Lim discloses forming gate conductive patterns (highlighted in gray) in empty
spaces 36 between trenches 34. EX1006, [0226], [0227]; EX1008, [PP178, 179. That
1s, empty spaces 36 are filled with a conductive material to form gate conductive
patterns. EX1006, [0226], [0227]; EX1008, PP178, 179.

FIG. 24A

34(34a) b 34(34b) 34(34c)

FIG. Z — FIG. 24A of EX1006 and EX1008 (annotated)

b. Formation of Cell Source Patterns 46

137. Following the partial gate replacement process described above with
reference to FIGs. Y and Z, as shown in FIG. AA below, which includes annotated
FIG. 25A of Lim, insulating spacers 40 (e.g., silicon oxide, in light green) are formed
on the side walls of trenches 34, and conductive materials (e.g., Ti, TiN, W, or the

like, in dark green) are formed subsequently in the remaining spaces of trenches 34
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to fill trenches 34, thereby forming cell source patterns 46 connecting to source

impurity regions 42. EX1006, [0228]-[0231]; EX1008, PP180-183.

FIG. 25A
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1

FIG. AA — FIG. 25A of EX1006 and EX1008 (annotated)

c¢. Formation of Contact Plugs 52 Passing Through
Alternating Dielectric Materials

138. Eventually, with reference to FIG. AB shown below, which includes
annotated FIG. 26A of Lim, contact plugs 52 (in black) passing through insulating
structure 23 (in purple, e.g., a stack of alternating nitride and oxide materials) are
formed by “forming contact holes by performing a photolithography process and an
etching process, and forming a conductive material layer which fills the contact
holes,” at the same processing steps with other contact structures 53, 54, and 55.
EX1006, [0233], [0234], [0240], FIGs. 26A, 26B; EX1008, PP185, 186, 192, FIGs.

26A, 26B.
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FIG. 26A
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FIG. AB - FIG. 26A of EX1006 and EX1008 (annotated)

3. Fabrication Process of Second Embodiment of
Semiconductor Device

139. A second embodiment of the semiconductor device is shown in FIG. J
below, which includes annotated FIG. 32A of Lim (see also FIG. 11A of Lim). The
second embodiment may have features and elements like that of the first
embodiment. EX1006, [0137], [0138], FIG. 11A, FIG. 32A; EX1008, P[P89, 90, FIG.

11A, FIG. 32A.
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FIG. 32A
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FIG. J - FIG. 32A of EX1006 and EX1008 (annotated)

140. Asshown in FIG. J above, an insulating structure 123 (formed of silicon
oxide, in yellow) may be formed between first and second source patterns 46a and
46b that are two of the source patterns 46 spaced apart from each other by a relatively
long distance. EX1006, [0140], [0270]; EX1008, PP92, 223. Contact plugs 52
penetrate insulating structure 123 to connect to underlying peripheral circuits such
as a peripheral transistor PTR (in the green dotted box shown in FIG. J). EX1006,
[0076], [0278]; EX1008, PP28, 231. Comparing the first embodiment shown in FIG.
AB with the second embodiment shown in FIG. J, insulating structure 123 (formed
of silicon oxide) of the second embodiment is replaced by insulating structure 23
(formed of alternating silicon nitride and silicon oxide materials) of the first

embodiment.
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141. A method for forming the second embodiment of the semiconductor

device is shown in FIG. AC below, which includes annotated FIG. 29 of Lim.

EX1006, [0263]; EX1008, P216. With reference to FIG. AC, Lim discloses (i)

forming insulating structure 123, which passes through molding structure MS (Block

340, in yellow), and (i1) forming contact structures (e.g., forming contact plug 52 in

insulating structure 123) (Block 350). EX1006, [0264]; EX1008, [P217.

FIG. 29
FORM PERIPHERAL | 10
CIRCUIT AREA ON SEMICONDUCTOR SUBSTRATE
FORM SEMICONDUCTOR | %
PATTERN ON PERIPHERAL CIRCUIT AREA
FORM HOLDING | %0
STRUCTURE ON SEMICONDUCTOR PATTERN
FORM INSULATING STRUCTURE .
WHICH PASS THROUGH MOLDING STRUCTURE [l
FORM CONTACT STRUCTURES 350
FORM INTERCONNECTION STRUCTURES 360

FIG. AC - FIG. 29 of EX1006 and EX1008 (annotated)

142. For example, with reference to FIG. AD below, which includes

8
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annotated FIG. 30A, Lim discloses forming insulating structure 123 (in yellow) to
pass through molding structure MS, among others. EX1006, [0269]; EX1008, [P222.
Then, as shown in FIG. J above, contact plugs 52 (in black) are formed to pass
through insulating structure 123. EX1006, [0277], [0278], FIGs. 32A, 32B; EX1008,

PP230, 231, FIGs. 32A, 32B.
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FIG. AD — FIG. 30A of EX1006 and EX1008 (annotated)

143. Comparing the process flows of the first and second embodiments, Lim
introduces an additional step (340 in FIG. 29, FIG. 30A) before gate replacement in
the second embodiment to form insulating structure 123. In contrast, the first
embodiment eliminates this extra step by utilizing the partial gate replacement
process, which simultaneously forms insulating structure 23. This approach allows

contact plugs 52 to be subsequently formed through the pre-existing dielectric
86

YMTC EXHIBIT 1003
Page 86 of 217



materials of insulating structure 23, streamlining the fabrication process.

IX. Grounds 1 And 2: Lee Anticipates or Otherwise Renders Obvious Claims
1,4,5,7,9,and 11-19

144. As described in the following paragraphs, Lee anticipates or otherwise
renders obvious all of the limitations found in claims 1, 4, 5, 7, 9, and 11-19 of
the 974 Patent.

A. Independent Claim 1

145. Claim 1 is reproduced below. For ease of discussion, I have included a

label for each claim limitation.

[1.P] A microelectronic device comprising:
[1.a] at least one memory block operatively coupled to sub-array
circuitry, the at least one memory block comprising:
[1.a.1] an array of memory cells in a memory cell region;
[1.a.2] stair step structures in at least one stair step region;
[1.a.3] conductive vias in at least one via region at least partially
located between the memory cell region and the at least one stair
step region;
[1.a.4] access lines extending through the at least one memory
block; and
[1.a.5] a dielectric material within slots extending between
adjacent access line portions of individual access lines within the

at least one stair step region.
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[1.P] A microelectronic device comprising:

146. Specifically, Lee discloses a semiconductor device 1000, which is a
“microelectronic device.” EX1004, [0028].

[1.a] at least one memory block operatively coupled to sub-array
circuitry, the at least one memory block comprising:

147. Lee discloses “at least one memory block operatively coupled to sub-
array circuitry.”

148. Specifically, Lee discloses that “semiconductor 1000 may include
memory cell array 100 in which data is stored and a peripheral circuit 200 configured
to perform program, read operation, or erase operations on the memory cell array
100.” EX1004, [0028]. For example, with reference to FIG. O below (including
annotated FIGs. 1 and 2 of Lee), semiconductor device 1000 includes (1) a memory
cell array 100 (in blue) and (i1) peripheral circuit 200 configured to perform program,

read operation, or erase operations on the memory cell array 100. EX1004, [0028].

FIG. 2
FIG. 1

MEMORY CELL ARRAY /LV 200 | _ 1200

2 (RS | R— — —
1 PERIPHERAL CIRCUTT \; | ||

FIG. O — FIGs. 1 and 2 of EX1004 (annotated)
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149. Lee further discloses that peripheral circuit 200 may include a plurality
of circuits, which may decrease a size of semiconductor device 1000, and some of
the circuits included in peripheral circuit 200 may be disposed under memory cell
array 100. EX1004, [0029]. For example, peripheral circuit 200 includes row
decoders 220a and 220b (in yellow shown in FIG. O above) disposed under the
memory cell array 100. EX1004, [0030].

150. Likewise, the 974 Patent describes a sub-array circuitry (e.g., circuit
136) as a circuit positioned under vertical memory block 100. EX1001, 6:49-54, FIG.
3. Thus, it is clear to me that row decoder 220a is the claimed “sub-array circuitry,”
consistent with the ’974 Patent, because row decoder 220a is also positioned under
memory cell array 100.

151. Lee also discloses that memory cell array 100 may include a plurality
of memory blocks 110. Each of row decoders 220a and 220b may be divided into a
plurality of circuit units for connection with memory blocks 110. EX1004, [0031].
For example, first row decoder 220a may be connected to some of memory blocks
110. EX1004, [0033].

152. Lee further discloses memory block 110 of memory cell array 100 may
include source select lines SSL, word lines WL, drain select lines DSL, and bit lines
BL. EX1004, [0036]. The source select lines, the word lines, and the drain select

lines extended in slimming regions SL1 and SL2 may be connected to row decoders
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220a and 220b through contacts. EX1004, [0035]. For example, row decoder 220a
transmits operation voltages through the lines SSL, WL, and DSL extended in first
and second slimming regions SL1 and SL2. EX1004, [0047]. Particularly, as shown
in FIG. AJ below, (1) first contact plugs Cx1 are formed on first row decoder 220a,
(i1) second contact plugs Cx2 (in black) are formed on the lines SSL, WL, and DSL
exposed in a step structure in second slimming region SL2, and (ii1) the upper
portions of the first and second contact plugs Cx1 and Cx2 are connected to each
other through wires MA, thereby achieving the connection between row decoder
220a and the lines SSL, WL, and DSL in a region 100a of memory cell array 100

shown in FIG. AJ. EX1004, [0034]-[0036], [0046], [0047].

Region 100a FIG 4
N

i

b
0 0b

FIG. AJ —FIG. 4 of EX1004 (annotated)
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153. Because the lines SSL, WL, and DSL in region 100a of memory cell
array 100 are operatively coupled to row decoder 220a, a POSITA would have
understood that memory cell array 100 is operatively coupled to row decoder 220a.

[1.a.1] an array of memory cells in a memory cell region

154. Lee discloses “an array of memory cells in a memory cell region.”

155. Firstly, Lee discloses that “memory cell array 100 may include a
plurality of memory blocks 110.” EX1004, [0031]. Lee also discloses that “[t]he
region in which the memory blocks 110[] are formed is defined as a memory region
MC.” EX1004, [0034]. Thus, Lee discloses that memory cell array 100 includes
memory block 110 formed in the memory region MC.

156. Secondly, Lee discloses that “memory blocks of the three-dimensional
structure include memory cells stacked in a vertical direction to a substrate.”
EX1004, [0005]. Lee also explains that a memory block includes a plurality of cell
strings arranged in a direction vertical, where the memory strings include source
select transistors, memory cells, and drain select transistors connected between bit
lines and a source line, and “[t]he memory cells may be formed between the vertical
channel layers and the word lines.” EX1004, [0006]. Thus, Lee discloses that
memory block 110 includes an array of memory cells. For example, with reference
to FIG. AE below, which includes annotated FIG. 3 of Lee, a POSITA would have

understood that memory block 110 includes an array of memory cells (pointed to by
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blue arrows) formed between vertical channel layers VC and word lines WL.

FIG. 3

110

FIG. AE — FIG. 3 of EX1004 (annotated)

157. Because Lee discloses that (i) memory cell array 100 includes memory
block 110 in memory region MC, and (i1) memory block 110 includes an array of
memory cells, a POSITA would have understood that Lee discloses memory cell
array 100 includes an array of memory cells in the memory region MC.

[1.a.2] stair step structures in at least one stair step region
158. Lee discloses “stair step structures in at least one stair step region.”

159. Specifically, Lee discloses that memory cell array 100 includes
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multiple “step regions, wherein gate lines are included in the step regions and
arranged in a step form in the first direction.” EX1004, [0009].

160. For example, as shown in FIG. AF below, which includes annotated
FIG. 6 of Lee, second slimming region SL2 may include a contact region CR21, a
step region ST21, a contact region CR22, a step region ST22, a contact region
CR23, and a step region ST23 sequentially defined in the X-direction (the word line
direction). EX1004, [0056]. The source select lines SSL, the word lines WL, and
the drain select lines DSL (collectively “gate lines,” see EX1004, claim 2) extended
from the memory region MC are “formed in a step structure” in second slimming
region SL2, such that the word lines WL may be stacked on the source lines SSL,
and the drain select lines DSL may be sequentially stacked on the word lines WL
“in a step form.” EX1004, [0054]. Lee further discloses that “steps may be
generated between two neighboring contact regions,” i.e., in each step region ST21,
ST22, or ST23. EX1004, [0055]. Thus, Lee discloses multiple step regions (e.g.,
ST21, ST22, ST23), each of which includes at least one structure formed by steps

(referred to herein as “stepped structure,” in red in FIG. AF).
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FIG. AF — FIG. 6 of EX1004 (annotated)

161. Thus, a POSITA would have understood that the stepped structures (in
red) in the step regions ST21, ST22, and ST23 are the claimed “stair step structures
in at least one stair step region,” consistent with the ’974 Patent—"[t]he stair step
structures 122 may include contact regions 124 (“‘stairs”) ... arranged like a
staircase.” EX1001, 5:30-33.

162. To the extent (not conceding) that claim limitation [1.a.2] further
requires multiple stair step structures in one stair step region and/or along the bit line
direction, Lee further discloses that second slimming region SL2 may include a pad

region P11, a pad region P12, and a pad region P13 sequentially defined in the Y-
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direction (the bit line direction). For example, pad region P11, pad region P12, and
pad region P13 “overlap the 21 step region ST21, the 22" contact region CR22, the
22" step region ST22, the 23" contact region CR23, and the 23" step region ST23
within the second sliming region SL2.” EX1004, [0056]. Each pad region P11, P12,
or P13 includes one or more stepped structures as “the step is formed in the word

lines WL for each pad region within the step region.” EX1004, [0063].

FIG. 6

FIG. AG - FIG. 6 of EX1004 (annotated)

163. A POSITA thus would have understood, as depicted in FIG. AG shown
above, which includes annotated FIG. 6 of Lee, (1) each step region ST21, ST22, or

ST23 includes multiple pad regions (e.g., P11, P12, and P13) overlapping along the
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bit line direction, and (ii) each overlapping pad region P11, P12, or P13 has steps
formed therein, e.g., having stepped structures therein (in yellow, green, and blue,
respectively).
[1.a.3] conductive vias in at least one via region at least partially
located between the memory cell region and the at least one stair
step region
164. Lee discloses “conductive vias in at least one via region at least partially
located between the memory cell region and the at least one stair step region.”
165. For example, with reference to FIG. AH shown below, Lee discloses
“the second slimming region SL2 may include a 21* contact region CR21, a 21
step region ST21, a 22" contact region CR22, a 22™ step region ST22, a 23" contact
region CR23, and a 23" step region ST23 sequentially defined in the X-direction.”
EX1004, [0056]. Thus, Lee discloses that contact region CR21 (in blue) is located
between memory region MC (in light green) and step regions ST21, ST22, and ST23
(in red) in the X-direction. Also, since contact region 22, step region ST22, contact
region CR23, and step region ST23 are sequentially defined in the X-direction, Lee
also discloses that (i) contact region CR22 is also located between memory region

MC and step regions ST22 and ST23, and (i1) contact region CR23 is further located

between memory region MC and step region ST23. EX1004, [0056].
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FIG. AH - FIG. 6 of EX1004 (annotated)

166. With reference to FIG. Al shown below (which includes the bottom
portion of FIG. 11 of Lee, illustrating “an enlarged view of a portion 30 of the 21
contact region CR21 and the 21* step region ST21”), first blocking layers 31 are
formed within contact region CR21 (in blue). Contact plugs 32 “positioned
vertically that is, in a [Z]-direction passing through the first blocking layers 31 are
formed” in contact region CR21 (in blue). EX1004, [0077]. Lee explains that
contact plugs 32 are “connected to the first row decoder 220a located at the lower
portion of the memory block™ and “formed of conductive layers.” EX1004, [0078],

[0079].
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FIG. Al — Bottom portion of FIG. 11 of EX1004 (annotated)

167. Likewise, the 974 Patent discloses that conductive vias 120 “extend
through the vertical memory block 100” to be “electrically coupled to sub-array
circuitry 136” and have “a conductive via material.” EX1001, 5:17-21, 6:49-52,
12:22-27. Thus, a POSITA would have understood that first contact plugs 32 are
the claimed “conductive vias,” as they are also formed of conductive materials and
extend vertically through first blocking layer 31 to connect underneath row decoder
220a, just like conductive vias 120 of the 974 Patent.

[1.a.4] access lines extending through the at least one memory block

168. Lee discloses “access lines extending through the at least one memory
block.”

169. Specifically, Lee discloses memory cell array 100 further includes
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conductive layers 10b forming gate lines and extending through memory cell array
100. EX1004, [0045]-[0047].

170. Lee discloses that “[t]he source select lines SSL, the word lines WL,
and the drain select lines DSL may be formed of conductive layers 10b, and
insulating layers 10a may be formed between the respective lines.” EX1004, [0046].
Lee also discloses that row decoder 220a “transmits operation voltages through the
first or second slimming region SL1 or SL2, or the lines SSL, WL, and DSL
extended in the first and second slimming regions SL.1 and SL2.” EX1004, [0047].
Lee further discloses “row decoder may transmit the operation voltages to source
lines, word lines, and drain select lines connected to a selected memory block.”
EX1004, [0008].

171. 1t is clear to me from those disclosures that conductive layers 10b,
which form gate lines, are used to access the select transistors and memory cells in
the memory region MC by “transmit[ting] operation voltages” to the select
transistors and memory cells of a selected memory block in the memory region MC.
EX1004, [0008], [0047]. Therefore, a POSITA would have understood that
conductive layers 10b of Lee qualify as the claimed “access lines.”

172. Lee further discloses that the gate lines formed of conductive layers 10b
are “located in the memory region MC and extend in the X-direction have step forms

in the first slimming region SL1 and the second slimming region SL2.” EX1004,
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[0045]. As shown in FIG. AJ below, a POSITA would have understood that
conductive layers 10b (in black) at different vertical levels are the claimed “access
lines,” respectively, and extend across memory region MC into slimming regions

SL1 and SL2 in the X-direction.

Region 100a FIG 4

FIG. AJ —FIG. 4 of EX1004 (annotated)

[1.a.5] a dielectric material within slots extending between adjacent
access line portions of individual access lines within the at least one
stair step region

173. Lee discloses or at least suggests “a dielectric material within slots
extending between adjacent access line portions of individual access lines within the
at least one stair step region.”

174. Firstly, with reference to FIG. AK shown below, which includes
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annotated FIG. 3 of Lee, Lee discloses that gate lines (e.g., source select lines SSL,
word lines SSL, and drain select lines DSL) included in memory block 110 are
“spaced apart from each other in the Y-direction.” EX1004, [0036], [0039]-[0041].
FIG. 3 is “a perspective view illustrating a memory block™ in general. It is clear to
me that FIG. 3 provides a general illustration of the 3D positions of various types of
gate lines in a memory block, which applies to detailed examples in the later figures,
such as FIG. 6, which depicts one example of second slimming region SL2 within
the memory block. EX1004, [0036], [0053].

175. As shown in FIG. AK, slots (in dark green) are present and extend
between adjacent gate lines in memory block 110 of memory region MC, such that
the adjacent gate lines can be “spaced apart from each other in the Y-direction.”
EX1004, [0039]-[0041]. For example, a POSITA would have understood or found
it obvious that, in memory block 110 of memory region MC, the slots (in dark green)
are trenches that (1) extend in the X-direction and Z-direction between adjacent gate

lines and (i1) are arranged apart in the Y-direction by vertical channel layers (VC).
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FIG. AK —FIG. 3 of EX1004 (annotated)
176. Further, as shown in FIG. AL below (which includes annotated FIG. 6
of Lee), multiple parallel slots (in dark green) are present and extend in the X-

direction in step regions ST21, ST22, and ST23 in slimming region SL2.

102

YMTC EXHIBIT 1003
Page 102 of 217



FIG. AL —FIG. 6 of EX1004 (annotated)

177. The presence of the slots extending between adjacent gate lines has
numerous benefits. For example, the slots physically separate memory blocks, and
safeguard adjacent structures from damage during fabrication steps such as etching,
annealing, and material deposition, thereby achieving process isolation in the
fabrication steps. In another example, the slots simplify the fabrication of complex,
vertically stacked layers by facilitating precise etching and addressing high aspect
ratio challenges. They also enable the integration of peripheral circuitry, thereby

improving the overall scalability of the device. In still another example, dividing
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the memory stack into smaller sections using slots improves process uniformity,
reduces defects, and enhances manufacturing yields. In yet another example, slots
aid in heat dissipation by distributing thermal loads more evenly, minimizing
hotspots, and improving overall thermal stability.

178. With combined reference to FIG. AK and FIG. AL shown above, a
POSITA would have understood, or at least found it obvious, that the slots (in dark
green) extend in both the Z-direction and X-direction and divide each conductive
layer 10b (shown in FIG. AJ) into adjacent gate lines of the respective conductive
layer 10b, which are “spaced apart from each other in the Y-direction.” EX1004,
[0039]-[0041].

179. For example, for word lines WL, Lee discloses that “the word lines WL
formed on the same layer may so be electrically connected to each other,” “the third
contact plugs 41 ... are formed on the word lines WL divided in the unit of the cell
string, respectively” (FIG. 12 of Lee), and that “the 11" pad region P11 has the same
width as a width of the word lines WL divided in the unit of the cell string” (FIG.
13 of Lee). EX1004, [0082], [0087]. A POSITA would have understood, or at least
found it obvious, that at each word line level, a respective conductive layer 10b is
divided by the slots into word lines in the Y-direction.

180. In an example, as shown in FIG. AM below (which includes the

enlarged portion of FIG. 11), five slots (in dark green) divide three conductive layers
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10b each into six word lines (in yellow) along the Y-direction.

FIG. AM — Bottom portion of FIG. 11 of EX1004 (annotated)

181. Thus, Lee discloses, or at least suggests, “slots extending between
adjacent access line portions of individual access lines within the at least one step
region.”

182. As to the claimed “dielectric material within slots,” Lee explains,
regarding FIG. 3 in which the slots are not shown as being filled—*[a]lthough not
illustrated, insulating layers may be formed between ... the source select lines SSL,
the word lines WL, the drain select lines DSL, and the bit lines VL.” EX1004, [0043].
Similarly, Lee explains that “[a] detailed structure, such as a spaced structure of the
respective lines SSL, WL, and DSL, is omitted” from the schematic drawing of FIG.

4. EX1004, [0046]. Thus, it is clear to me that Lee discloses, or at a minimum
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suggests, the claimed “dielectric material” within the slots.

183. In any event, a POSITA would have understood, or at least found it
obvious, that the spaced structure includes a dielectric material in the slots, at least
for the following reasons. Firstly, the slots have to be sealed in semiconductor
device 1000 to avoid damage and contamination to other structures through the
opened slots during the later fabrication process and provide mechanical stability to
the structures above the slots. EX1013, [0064]. Open slots would expose underlying
layers to external contaminants, oxidation, or chemical reactions, which could
compromise device performance and reliability.

184. Also, slots mitigate stress caused by lattice and thermal mismatches
during fabrication to prevent deformation, warping, or collapse of the memory stack.
Filling the slots with dielectric materials can further enhance the mechanical stability
and structural integrity of the device. This becomes increasingly critical as memory
stacks incorporate higher numbers of layers, where stress accumulation is more
pronounced.

185. Moreover, the slots need to be filled to ensure a smooth and even upper
surface, which is essential for subsequent photolithography and patterning steps.
The presence of open or uneven slots could lead to variations in focus during
lithographic exposure, resulting in patterning defects, misalignment, or non-uniform

etching.
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186. Secondly, the sealing materials used to fill the slots must include at least
a dielectric material (e.g., silicon oxide) to prevent electrical connections between
gate lines at different vertical levels. This is a well-established practice in the
memory industry, as evidenced by numerous examples in prior art. EX1006, [0228],
[0276]; EX1008, PP180, 229; EX1009, [0071], FIG. 1C; EX1010, [0139], FIG.16B;
EX1011, [0093], FIG. 5; EX1018, [0095], [0105]; EX1019; [0143].

187. Specifically, filling the slots with dielectric materials serves a critical
role in ensuring electrical isolation between vertically stacked gate lines, preventing
electrical interference, crosstalk, and unintended conduction between adjacent levels.
In fact, dielectric material filled in a trench has long been employed to form isolation
regions in integrated circuits. EX1020, Figure 2.27, p. 99. These principles naturally
extend to 3D NAND flash memory as well. In 3D NAND flash memory devices,
multiple gate layers are stacked vertically, and any unintended -electrical
connectivity between these layers could lead to logic errors, signal degradation, or
even device failure. By incorporating a dielectric material, the slots act as effective
electrical barriers, blocking charge leakage and unwanted capacitive coupling
between adjacent layers. This ensures reliable memory cell operation by maintaining
signal integrity and preventing short circuits across vertical levels. Without this
isolation, the stored data in a memory cell could become corrupted due to parasitic

interference, leading to decreased performance and reliability of the device.
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188. Furthermore, the use of silicon oxide or other insulating materials to
seal the slots also contributes to the mechanical reinforcement of the memory stack,
further enhancing structural stability during fabrication and operation.

B. Dependent Claim 4

189. Claim 4 is reproduced below. For ease of discussion, I have included a

label for each claim limitation.

[4.P] The microelectronic device of claim 1, wherein at least some of

the stair step structures comprise:

[4.a] individual tiers aligned at different vertical levels from one
another within a respective stair step structure; and

[4.b] contact regions on the individual tiers, each tier comprising a
single contact region operatively connected to a respective access line

portion of the individual access lines.

[4.P] The microelectronic device of claim 1, wherein at least some of
the stair step structures comprise:

190. Lee discloses or at least renders obvious the microelectronic device of
claim 1. I incorporate my discussion for claim 1.

[4.a] individual tiers aligned at different vertical levels from one
another within a respective stair step structure

191. Lee discloses, “individual tiers aligned at different vertical levels from

one another within a respective stair step structure.”

192. At the outset, the 974 Patent describes “tiers of conductive structures
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(e.g., word line plates, control gate plates, access lines, word lines) and dielectric
materials” and “tiers of conductive structures (e.g., access lines, word lines)
separated by dielectric materials.” EX1001, 1:35-37, 43-45. The ’974 Patent also
explains that “five overlying conductive word lines 116 and five overlying first
dielectric materials 132 between the conductive word lines 116 form “five tiers” in
FIG. 3. EX1001, FIG. 3, 6:19-23.

193. With reference to FIG. AQ shown below, which includes annotated FIG.
4 of Lee, Lee discloses that insulating layers 10a are formed between conductive
layers 10b forming the gate lines, and conductive layers 10b and insulating layers
10a are “paired to form one layer.” EX1004, [0046]. Like the 974 Patent’ examples,
a POSITA would have understood that each pair of conductive layer 10b and
insulating layer 10a (referred to herein as “layer pair,” in purple) qualifies as the
claimed “individual tier.”

194. As shown in FIG. AQ, layer pairs (in purple) are stacked at different
levels in the Z-direction. Under either mapping to “stair step structure,” as |
discussed above in Section IX.A([1.a.2]), within each stepped structure of step
regions ST21, ST22, and/or ST23 in slimming region SL2, layer pairs are “aligned

at different vertical levels from one another.” See EX1004, FIG. 6.
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FIG. AQ —FIG. 4 of EX1004 (annotated)

195. To the extent (not conceding) that claim limitation [4.a] requires tiers
in different stair step structures in the bit line direction to be aligned at different
vertical levels from one another, with reference to FIG. AR shown below, which
includes annotated FIG. 6 of Lee, Lee discloses that, in step region ST22, pad region
P12 has “a smaller height than” that of pad region P11, and pad region P13 has “a
smaller height than” that of pad region P12. EX1004, [0057]. That is, Lee discloses
that, in step region ST22, pad regions P11, P12, and P13 have different heights.

196. For example, referring to FIG. 6, Lee further explains that “the
uppermost word lines WL included in the 22" step region ST22 and the 12% pad

region P12 is located at a lower level than a word line located at the lowermost word
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line WL included in the 22" step region ST22 and the 11" pad region P11 and that
“the uppermost word lines WL included in the 22" step region ST22 and the 13™
pad region P13 are located at a lower level than the lowermost word lines WL
included in the 22" step region ST22 and the 12 pad region P12.” EX1004, [0058].
That is, Lee discloses that, in step region ST22, the uppermost word line in pad
region P12 is located at a level lower than the lowermost word line in pad region
P11, and the uppermost word line in pad region P13 is located at a level lower than

the lowermost word line in pad region P13.

FIG. 6

FIG. AR —FIG. 6 of EX1004 (annotated)

197. Lee also explains that “[t]he uppermost word line WL included in the
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region, in which the 23" step region ST23 and the 12 pad region P12 overlap each
other, 1s located at a lower level than the lowermost word lines WL included in the
region in which the 23" step [] region ST23 and the 11" pad region P11 overlap each
other,” and that “[t]he uppermost word line WL included in the region, in which the
23" step region ST23 and the 13™ pad region P13 overlap each other, is located at a
lower level than the lowermost word line WL included in the region, in which the
23" step region ST23 and the 12% pad region P12 overlap each other.” EX1004,
[0061]. That is, Lee discloses that, in step region ST23, the uppermost word line in
pad region P12 is located at a level lower than the lowermost word line in pad region
P11, and the uppermost word line in pad region P13 is located at a level lower than
the lowermost word line in pad region P12. In step region ST23, pad regions P11,
P12, and P13 also have different heights like that in step region ST22.

198. Thus, at least in each of step regions ST22 and ST23, layer pairs in the
different stepped structures in pad regions P11, P12, and P13 (in yellow, green, and
blue) in the Y-direction are aligned at different vertical levels from one another as
well.

[4.b] contact regions on the individual tiers, each tier comprising a

single contact region operatively connected to a respective access
line portion of the individual access lines

199. Lee discloses or at least suggests “contact regions on the individual tiers,

each tier comprising a single contact region operatively connected to a respective
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access line portion of the individual access lines.”

200. Specifically, with reference to FIG. AS shown below, which includes
annotated FIG. 4 of Lee, Lee explains that “contact plugs Cx2 are formed on the
lines SSL, WL, and DSL exposed in a step structure in the second slimming region
SL2.” EX1004, [0047]. Each layer pair (in purple) has a respective exposed end (in
orange) on which contact plug Cx2 (in black) is formed. EX1004, [0047]. Lee also
explains that “more word lines WL are exposed within the same step region” and
“contact plugs may be connected to the plurality of word lines” in the step region.
EX1004, [0063]. Thus, a POSITA would have understood, or at least found it
obvious, that each layer pair has exposed ends of gate lines (e.g., word lines WL),
where the exposed ends of gate lines are the claimed “contact regions” on which

contact plugs (e.g., contact plugs Cx2) are formed in the stepped structures.

FIG. AS —FIG. 6 of EX1004 (annotated)
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201. Further, with reference to FIG. 12, Lee further discloses that contact
plugs 41 are formed on the word lines WL. EX1004, [0082]. With reference to FIG.
13, Lee also discloses contact plugs 52 are formed on the word lines WL,
respectively. EX1004, [0087]. As shown in the enlarged views of FIGs. 12 and 13,
each contact plug 41 or 52 is formed on the only exposed end of a respective word
line WL of a respective layer pair.

C. Dependent Claim 5: The microelectronic device of claim 1,
wherein the at least one stair step region comprises two stair step
regions at opposing ends of the at least one memory block, each of
the two stair step regions located remote from the memory cell
region.

202. Lee discloses “wherein the at least one stair step region comprises two
stair step regions at opposing ends of the at least one memory block, each of the two
stair step regions located remote from the memory cell region.”

203. Specifically, Lee discloses “first and second slimming regions SL1 and
SL2 are defined at both ends of the memory blocks,” and “[t]he first slimming region
SL1 is defined at one end of the memory region MC and the second slimming region
SL2 is defined at the other end of the memory region MC.” EX1004, [0034]. For
example, with reference to FIG. AS shown above, memory cell array 100 has

memory region MC in the middle and first and second slimming regions SL1 and

SL2 at its two opposite ends in the X-direction. EX1004, [0034].
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FIG AV —FIGs. 5 and 6 of EX1004
204. FIG. AV shown above includes (i) FIG. 5 of Lee illustrating first
slimming region SL1 and (i1) FIG. 6 of Lee illustrating second slimming region SL2.
EX1004, [0018], [0019]. Referring to FIG. 5, Lee further discloses “the first
slimming region SL1 may include an 11" contact region CR11 and an 11" step
region ST11, a 12 contact region CR12 and a 12™ step region ST12, and a 13™
contact region CR13 and a 13™ step region ST13.” EX1004, [0051]. That is, Lee
discloses step regions ST11, ST12, and ST13 in first slimming region SL1. Further,
as discussed in Section IX.A([1.a.2]) and also referring to FIG. 6, Lee discloses step
regions ST21, ST22, and ST23 in second slimming region SL2.
205. As a result, Lee discloses step regions ST11, ST12, and ST13 of first
slimming region SL1 and step regions ST21, ST22, and ST23 of second slimming
region SL2 at two opposing ends of memory cell array 100.

206. Further, as explained in Section IX.A([1.a.3]) and also referring to FIG.
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6, Lee discloses contact region CR21 between memory region MC and step regions
ST21, ST22, and ST23 in the X-direction. For example, step regions ST21, ST22,
and ST23 are separated from memory region MC by contact region CR21. Similarly,
referring to FIG. 5, another contact region CR11 is located between memory region
MC and step regions ST11, ST12, and ST13 in the X-direction. EX1004, [0051].
That is, step regions ST11, ST12, and ST13 are separated from memory region MC
by contact region CR11. Thus, each of step regions ST21, ST22, and ST23 and step
regions ST11, ST12, and ST13 are located remotely from memory region MC by
contact region CR21 or CR11.

D. Independent Claim 7

207. Claim 7 is reproduced below. For ease of discussion, I have included a
label for each claim limitation.

[7.P] A method of forming a microelectronic device, the method
comprising:

[7.a] forming a memory block operatively coupled to sub-array
circuitry, the memory block comprising a memory cell region, a stair
step region, and a via region at least partially between the memory cell
region and the stair step region;

[7.b] forming an array of memory cells in the memory cell region;
[7.c] forming stair step structures in the stair step region;

[7.d] forming conductive vias in the via region;

[7.e] forming access lines extending through the memory block;
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[7.f] forming slots extending between adjacent portions of individual
access lines within the stair step region; and

[7.g] forming a dielectric material within the slots.

[7.P] A method of forming a microelectronic device

208. Lee discloses a method for manufacturing a semiconductor device 1000
having slimming regions SL1 and SL2. EX1004, [0028], [0064]-[0065].
[7.a] forming a memory block operatively coupled to sub-array
circuitry, the memory block comprising a memory cell region, a stair

step region, and a via region at least partially between the memory
cell region and the stair step region

209. Lee discloses or at least suggests “forming a memory block operatively
coupled to sub-array circuitry, the memory block comprising a memory cell region,
a stair step region, and a via region at least partially between the memory cell region
and the stair step region.”

210. As I explained above with respect to claim limitation [1.a], Lee
discloses memory blocks 110 in a memory cell array 100 operatively coupled to row
decoder 220a. As I also explained above with respect to claim limitations [1.a.1],
[1.a.2], and [1.a.3], Lee discloses memory cell array 100 includes (i) memory region
MC, (i1) step regions ST21, ST22, and ST23, and (ii1) contact region CR21 between
memory region MC and step regions ST21, ST22, and ST23. I incorporate my

discussion for claim limitations [1.a] and [1.a.1]-[1.a.3].
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211. Lee specifically discloses “a method of forming the first slimming
region and the second slimming region,” which include step regions (e.g., ST21,
ST22, and ST23) and contact regions (e.g., CR21). EX1004, [0065], FIGs. 7-10.

212. Although Lee does not explicitly describe the method of forming
memory region MC, it does teach the formation of step regions and contact regions,
both of which are part of the same memory cell array 100 as memory region MC.
Accordingly, a POSITA would have understood that memory region MC is also
formed as part of memory cell array 100 during the formation of step regions and
contact regions. Moreover, claim limitation [7.a] does not require any particular
manufacturing processes; it simply requires the formation of a memory block in
general, which is a well-established practice in the art. For example, Lee discloses
“memory blocks may be formed in a two-dimensional or three-dimensional
structure.” EX1004, [0005]. The presence of memory blocks 110 in memory cell
array 100 itself discloses, or at the very least suggests, the process for forming them.

[7.b] forming an array of memory cells in the memory cell region

213. Lee discloses, or at least suggests, “forming an array of memory cells
in the memory cell region.”

214. Specifically, Lee discloses that “memory cell array 100 may include a
plurality of memory blocks 110 and “[t]he region in which the memory blocks 110[]

are formed is defined as a memory region MC.” EX1004, [0031], [0034].
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215. Moreover, claim limitation [7.b] does not require any particular
manufacturing processes; it simply requires the formation of an array of memory
cells in general, which is a well-established practice in the art. For example, Lee
discloses “memory blocks may be formed in a two-dimensional or three-
dimensional structure ... the memory blocks of the three-dimensional structure
include memory cells stacked in a vertical direction to a substrate.” EX1004, [0005].
The presence of memory cells in memory cell array 100 itself discloses, or at the
very least suggests, the process for forming them. See Section IX.A([1.a.1]).

[7.c] forming stair step structures in the stair step region;

216. Lee discloses “forming stair step structures in the stair step region.”

217. As 1 explained above with respect to claim limitation [1.a.2], Lee
discloses “stair step structures in the stair step region.” I incorporate my discussion
for claim limitation [1.a.2]. Moreover, Lee specifically discloses “FIGS. 7 and 10
are perspective views for illustrating a method of forming the first slimming region
and the second slimming region,” which include the step regions. EX1004, [0065],
FIGs. 7-10. Specifically, Lee discloses “a slimming process of etching gate lines
extended from the memory region MC to the first slimming region SL1 and the
second slimming region SL2, respectively, in a step form or a pad form, is

performed.” EX1004, [0066], see also [0067]-[0074].

119

YMTC EXHIBIT 1003
Page 119 of 217



[7.d] forming conductive vias in the via region

218. Lee discloses, or at least suggests, “forming conductive vias in the via
region.”

219. As I explained above with respect to claim limitation [1.a.3], Lee
discloses contact plugs 32 in contact region CR21. I incorporate my discussion for
claim limitation [1.a.3].

220. Lee specifically discloses that “[f]irst contact plugs 32 positioned
vertically that is, in a [Z]-direction passing through the first blocking layers 31 are
formed,” “first blocking layers 31 may be formed of an insulating material such as
an oxidization layer,” and “first and second contact plugs 32 and 34 and the first
wires are formed of conductive layers.” EX1004, [0077], [0079].

221. Moreover, claim limitation [7.d] does not require any particular
manufacturing processes; it simply requires the formation of conductive vias in
general, which is a well-established practice in the art. The presence of contact plugs
32 in blocking layer 31 itself, along with the usages of the term “formed,” discloses,
or at the very least suggests, the process for forming them. See Section IX.A([1.a.3]).

[7.e] forming access lines extending through the memory block

222. Lee discloses, or at least suggests, “forming access lines extending
through the memory block.”

223. As I explained above with respect to claim limitation [1.a.4], Lee
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discloses conductive layers 10b, which form gate lines (e.g., source select lines SSL,
word lines WL, and drain select lines DSL) extending across memory region MC
into slimming regions SL1 and SL2 in the X-direction. I incorporate my discussion
for claim limitation [1.a.4].

224. Lee specifically discloses that “source select lines SSL, the word lines
WL, and the drain select lines DSL may be formed of conductive layers 10b,” and
“in the first slimming region SL1 and the second slimming region SL2, the drain
select lines DSL and some word lines WL are formed in the 11" step region ST11
and the 21% step region ST21.” EX1004, [0046], [0066]. Lee further discloses
forming word lines in step regions ST12, ST22, ST13, and ST23. EX1004, [0067],
[0068].

225. Moreover, claim limitation [7.e] does not require any particular
manufacturing processes; it simply requires the formation of access lines in general,
which is a well-established practice in the art. The presence of conductive layers
10b itself, along with the usages of the term “formed,” discloses, or at the very least
suggests, the process for forming them. See Section IX.A([1.a.4]).

[7.f] forming slots extending between adjacent portions of individual
access lines within the stair step region

226. Lee discloses, or at least suggests, “forming slots extending between

adjacent portions of individual access lines within the stair step region.”
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227. As I explained above with respect to claim limitation [1.a.5], Lee
discloses or at least suggests slots extending between adjacent gate lines within the
step region. I incorporate my discussion for claim limitation [1.a.5].

228. Claim limitation [7.f] does not require any particular manufacturing
processes; it simply requires the formation of slots in general, which is a well-
established practice in the art. The presence of slots itself discloses, or at the very
least suggests, the process for forming them. See Section IX.A([1.a.5]).

[7.g] forming a dielectric material within the slots.

229. Lee discloses, or at least suggests, “forming a dielectric material within
the slots.”

230. As I explained above with respect to claim limitation [1.a.5], Lee
discloses or at least suggests a dielectric material within the slots. I incorporate my
discussion for claim limitation [1.a.5].

231. Claim limitation [7.g] does not require any particular manufacturing
processes; it simply requires the formation of a dielectric material in general, which
is a well-established practice in the art. The presence of the dielectric material itself

discloses, or at the very least suggests, the process for forming it. See Section

IX.A([1.2.5)).
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E. Dependent Claim 9: The method of claim 7, wherein forming the
conductive vias comprises forming at least some of the conductive
vias to be substantially vertically aligned over portions of the sub-
array circuitry.

232. Lee discloses or at least suggests “wherein forming the conductive vias
comprises forming at least some of the conductive vias to be substantially vertically
aligned over portions of the sub-array circuitry.”

233. Lee discloses “[f]irst contact plugs 32 positioned vertically that is, in a
[Z]-direction passing through the first blocking layers 31 are formed,” and “first
contact plugs 32 are connected to the first row decoder 220a located at the lower
portion of the memory block.” EX1004, [0077], [0078]. As further shown in FIG.

Al below (the enlarged view of FIG. 11 of Lee), the two contact plugs 32 (in black)

are formed substantially vertically aligned over row decoder 220a (in yellow).

FIG. Al —Bottom portion of FIG. 11 of EX1004 (annotated)
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234. Thus, a POSITA would have understood, or at least found it obvious,
forming contact plugs 32 to be vertically aligned over row decoder 220a. See Section
IX.D([7.d]).

F. Dependent Claim 11: The method of claim 7, wherein forming the

slots comprises forming an additional slot extending between the

adjacent portions of the individual access lines without
intersecting any other slot of the slots.

235. Leediscloses, or at least suggests, “wherein forming the slots comprises
forming an additional slot extending between the adjacent portions of the individual
access lines without intersecting any other slot of the slots.”

236. Atthe outset, when describing the formation of slots 114 with reference
to FIGs. 9A and 9B, the ’974 Patent describes (i) “slots 114 may be formed by
anisotropically removing portions of the first dielectric material 132 and second
dielectric material 134,” (i1) “slots 114 may be formed to be separated from adjacent
slots 114 by a first distance D1 in the memory array region 102,” and (iii) “at least
some of the slots 114 in the stair step region 104 and the via region 106 may be
separated by a second distance D2 greater than the first distance D1.” EX1001,
11:31-38, FIGs. 9A-9B. The ’974 Patent, as well as the plain and ordinary meaning
of claim 11, does not require forming some slots before or after any other slots (e.g.,
not requiring forming the additional slot before or after any other slot).

237. As I discussed above with respect to claim limitation [7.f], Lee
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discloses or at least suggests “forming slots extending between adjacent portions of
individual access lines.” In a first example, as shown in FIG. AW below (which
includes annotated FIG. 6 of Lee), a POSITA would have understood, or at least
found it obvious, that Lee forms an additional slot (in dark blue) in the middle and
other slots (in dark green) extending in the X-direction between the adjacent gate

lines in parallel.

additional

FIG. AW -FIG. 6 of EX1004

238. In a second example depicted in FIG. AX below (which includes the

annotated enlarged portion of FIG. 11), a POSITA would have understood, or at least
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found it obvious, that Lee also forms an additional slot (in dark blue) extending in
the Z-direction through only conductive layers 10b forming drain select lines DSL
and extending in the X-direction only in part of step region ST21 between the
adjacent drain select lines DSL portions (in yellow) without intersecting the existing

slots (in dark green).

FIG. AX —FIG. 6 of EX1004 (annotated)

G. Dependent Claim 12: The method of claim 7, wherein forming the
stair step structures comprises removing at least a portion of the
stair step structures using a single stair step mask and two chop
masks.

239. Lee discloses, or at least suggests, “wherein forming the stair step
structures comprises removing at least a portion of the stair step structures using a
single stair step mask and two chop masks.”

240. AsIdiscussed above with respect to claim limitation [1.a.2] and further
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shown in FIG. AF below, Lee discloses second slimming region SL2 having multiple
stepped structures (in red), including the three adjacent stepped structures in the Y-
direction in each of step regions ST22 and ST23 overlapping pad regions P11, P12,

and P13, which have different heights in the Z-direction.

FIG. 6

FIG. AF —FIG. 6 of EX1004 (annotated)

241. Lee specifically discloses the “method of manufacturing the first and
second slimming regions SL1 and SL2 shown in FIGS. 5 and 6” in FIGs. 7-10.
EX1004, [0020], [0064]. Regarding this method, Lee discloses “a slimming process
of etching gate lines ... in a step form or a pad form” and “[b]y the aforementioned
etching process, all of the drain select lines DSL, the word lines WL, and the source

select lines SSL may be exposed.” EX1004, [0066], [0074], see also [0067]-[0073].
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Thus, Lee discloses “removing at least a portion of the stair step structures.”

242. Specifically, Lee discloses a progression with respect to FIGs. 7-9,
indicating, or at least suggesting, the usage of “a single stair step mask and two chop
masks” in its “slimming process of etching gate lines” to form its stepped structures

in slimming region SL2.

.,

FIG. AZ —FIG. 7 of EX1004 (annotated)
243. First, referring to FIG. 7, gate lines are formed “in a step form™ in step
regions ST22 and ST23 by etching the gate lines therein. EX1004, [0067], [0068].
From FIG. AZ above, which includes annotated FIG. 7 of Lee, a POSITA would

have understood, or at least found it obvious, that the etching process to form the
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gate lines in the step regions ST22 and ST23 in the current step form (in red) uses
a single stair step mask.

244. Second, referring to FIG. 8, Lee discloses “heights of the lines are
decreased by etching the word lines included in the regions in which the 22" step
region ST22, ... and the 23" step region ST23 of the second slimming region SL2

overlap the 12" pad region P12 and the 13" pad region P13.” EX1004, [0069].

FIG. 8

pa

FIG. BA —FIG. 8 of EX1004 (annotated)

245. As shown in FIG. BA above (which includes annotated FIG. 8 of Lee),
the gate lines in the area overlapping pad regions P12 and P13 (in yellow) are

“chopped off” to become lower than the other area overlapping pad region P11 (in
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red). Thus, a POSITA would have understood, or at least found it obvious, that the
etching process applied to the gate lines in step regions ST22 and ST23 in the current
pad form uses a first chop mask that covers pad region P11, such that the etching
applies to pad regions P12 and P13 but not pad region P11.

246. Third, referring to FIG. 9, Lee discloses “a height of the region is
decreased by etching the word lines WL [i]ncluded in the regions, in which the 22™
step region ST22, ... and the 23" step region ST23 of the second slimming region
SL2 overlap the 13 pad region P13.” EX1004, [0072]. As shown in FIG. BB below,
which includes annotated FIG. 9 of Lee, the gate lines in the area overlapping pad
region P13 (in blue) are “chopped off” again to become lower than the other area
overlapping pad region P12 (in yellow). Thus, a POSITA would have understood,
or at least found it obvious, that the etching process applied to the gate lines in step
regions ST22 and ST23 in the current pad form uses a second chop mask that covers
pad regions P11 and P12, such that the etching applies to pad region P13 but not pad

regions P11 and P12.

130

YMTC EXHIBIT 1003
Page 130 of 217



FIG. BB —FIG. 8 of EX1004 (annotated)

247. Even the *974 patent itself admits that the use of a stair step mask in
combination with chop masks to create such stepped structures is “known by those
of ordinary skill in the art” (AAPA-2), and further provides details of how to use the
step mask and chop masks in forming stair step structures. EX1001, 9:30-10:12,
12:37-39. See Section VII.LA.2. AAPA-2, as evidence of common knowledge of a
POSITA, strongly supports that a POSITA would have understood Lee discloses, or
at least suggests, the usage of a stair step mask and chop masks in forming its stepped

structures. See Section VI.D.2.
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H. Dependent Claim 13

248. Claim 13 is reproduced below. For ease of discussion, I have included
a label for each claim limitation.

[13.P] The method of claim 7, wherein:

[13.a] forming the array of memory cells in the memory cell region
comprises forming vertical memory cell pillars within a stack of
alternating dielectric materials; and

[13.b] forming conductive vias in the via region comprises isolating the

conductive vias within the stack of alternating dielectric materials.

[13.P] The method of claim 7

249. Lee discloses or at least renders obvious the method of claim 7. 1
incorporate my discussion for claim 7.
[13.a] forming the array of memory cells in the memory cell region

comprises forming vertical memory cell pillars within a stack of
alternating dielectric materials

250. Lee dislcoses or at least suggests “forming the array of memory cells in
the memory cell region comprises forming vertical memory cell pillars within a stack
of alternating dielectric materials.”

251. Inoted that claim limitation [13.a] requires nothing more than what has
been characterized as “conventional” in AAPA-1. EX1001, 1:43-59. This is also

well known in the art as part of the conventional gate replacement process. See
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Section VI.C, e.g., FIG. C(a).

252. Lee discloses (1) “the vertical channel layers VC may include circular
channel layers and memory layers surrounding the channel layers,” (ii) “[t]he
channel layers may be formed of a doped polysilicon layer,” and (ii1) “[t]he memory
layers may include gate insulating layers surrounding the channel layers, charge trap
layers surrounding the gate insulating layers, and blocking layers surrounding the
charge trapping layers.” EX1004, [0038]. Lee also discloses vertical channel layers
VC “extend in a Z-direction.” EX1004, [0037]. A POSITA would have understood
that vertical channel layers VC are the claimed “vertical memory cell pillars,”
consistent with the 974 Patent—*[e]ach of the memory cell pillars 108 may include
a central region 110 of a semiconductor material, such as a polysilicon or silicon-
germanium material, at least partially surrounded by a charge trapping material 112,
such as an oxide-nitride-oxide (“ONO”) material.” EX1001, 4:32-37.

253. Lee further explains that the source select lines SSL, the word lines WL,
and the drain select lines “surround the vertical channel layers VC” in memory
region MC. EX1004, [0039]-[0041], [0045], FIG. 3. Lee also discloses that the
source select lines SSL, the word lines WL, and the drain select lines DSL are formed
of conductive layers 10b from a stack of alternating insulating layers 10a and
conductive layers 10b. EX1004, [0046], FIG. 4. Thus, a POSITA would have

understood that vertical channel layers VC are surrounded by conductive layers 10b
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from a stack of alternating insulating layers 10a and conductive layers 10b.

254. To the extent Lee does not explicitly disclose forming vertical channel
layers VC within a stack of alternating dielectric materials, Lee, at a minimum,
suggests it because it is well-known in the art that Lee’s stack of alternating
insulating layers 10a and conductive layers 10b (collectively referred to herein as “a
stack of alternating dielectric/conductive materials™) is formed by the well-known
gate replacement process—first forming vertical channel layers VC within a stack
of alternating dielectric materials (including insulating layers 10a and sacrificial
layers having a different dielectric material than insulating layers 10a), followed by
replacing the sacrificial layers with conductive layers 10b—resulting in the stack of
alternating dielectric/conductive materials, as evidenced by AAPA-1 and state of the
art before the 974 Patent. EX1001, 1:49-59; see Section VI.C.

[13.b] forming conductive vias in the via region comprises isolating

the conductive vias within the stack of alternating dielectric
materials

255. Lee discloses or at least suggests “forming conductive vias in the via
region comprises isolating the conductive vias within the stack of alternating
dielectric materials.”

256. Atthe outset, the 974 Patent describes “[a]lthough the formation of the
conductive vias 120 has been explained and illustrated as occurring subsequent to

the formation of the conductive word lines 116 and the filling of the slots 114 with
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a dielectric material, the present disclosure is not so limited. For example, the
conductive vias 120 may be formed prior to, during, or after the formation of the
conductive word lines 116 and the filling of the slots 114 with a dielectric material.”
EX1001, 12:46-53.

257. A POSITA would have understood that the description of the 974
Patent, as well as the plain and ordinary meaning of claim limitation [13.b], does not
specify the timing of “forming the conductive vias in the via region” or “isolating
the conductive vias” much less with respect to the timing of forming “the stack of
alternating dielectric materials.”

258. Thus, under the plain and ordinary meaning of claim limitation [13.b],
Lee discloses or at least suggests claim limitation [13.b] because Lee also discloses,
or at least suggests, contact plugs 32 are formed in contact region CR21, extending
into the stack of alternating dielectric/conductive materials, which has alternating
dielectric materials before the gate replacement process, as explained above with
respect to claim limitations [1.a.3] and [13.a]. It is clear to me that contact plugs 32
are isolated from the stack of alternating dielectric/conductive materials by first
block layer 31 before the gate replacement process. EX1004, [0077].

L Independent Claim 14

259. Claim 14 is reproduced below. For ease of discussion, I have included

a label for each claim limitation.
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[14.P] A method of forming a microelectronic device, the method
comprising:

[14.a] forming an array of memory cells within a stack comprising
alternating dielectric materials and conductive materials;

[14.b] forming access lines coupled to memory cells of the array of
memory cells;

[14.c] forming conductive vias adjacent the array of memory cells, the
conductive vias formed adjacent sub-array circuitry underlying the
stack;

[14.d] forming at least one stair step region comprising stair step
structures using a stair step mask, the stair step structures including
steps having contact regions comprising ends of the access lines; and
[14.e] removing at least a portion of the stair step structures using at

least one chop mask.

[14.P] A method of forming a microelectronic device, the method
comprising

260. 1 incorporate the discussion provided above with respect to claim
limitation [7.P], Lee discloses or at least renders obvious claim limitation [14.P].

[14.a] forming an array of memory cells within a stack comprising
alternating dielectric materials and conductive materials

261. Asexplained above with respect to claim limitation [7.b], Lee discloses
or at least suggests “forming an array of memory cells.” For example, as illustrated
in FIG. AE shown below, an array of memory cells, each at a respective junction

between word lines WL and vertical channel layers VC, are formed in memory
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region MC.

FIG. AE —FIG. 3 of EX1004 (annotated)

262. Further, as explained above with reference to claim limitation [13.a],
Lee discloses vertical channel layers VC within a stack of alternating insulating
layers 10a and conductive layers 10b. EX1004, [0039]-[0041], [0046] Thus, Lee
also discloses, or at least suggests, that the memory cells are formed within a stack
of alternating insulating layers 10a and conductive layers 10b. From FIG. BC shown
below, which includes annotated FIG. 4 of Lee, a POSITA would have understood,
or at least found it obvious, that memory cells in memory region MC (e.g., shown in

FIG. AE above) are formed in a stack of alternating insulating layers 10a (in brown)
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and conductive layers 10b (in gray).

FIG. 5

FIG. BC —FIG. 4 of EX1004 (annotated)

[14.b] forming access lines coupled to memory cells of the array of
memory cells

263. Lee discloses or at least suggests “forming access lines coupled to
memory cells of the array of memory cells.”

264. As 1 explained above with respect to claim limitation [7.e], Lee
discloses or at least suggests “forming access lines extending through the memory
block.” As illustrated in FIG. AE shown above, each memory cell is formed at a
respective junction between word lines WL and vertical channel layers VC. Further,

Lee discloses “[t]he row decoder may transmit the operation voltages to source lines,
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word lines, and drain select lines connected to a selected memory block.” EX1004,
[0008], see also [0047]. Thus, a POSITA would have understood or found it obvious
that conductive layers 10b forming the word lines WL are formed “coupled to
memory cells of the array of memory cells” in order to “transmit operation voltages”
to the memory cells in the selected memory block through word lines WL.

[14.c] forming conductive vias adjacent the array of memory cells,

the conductive vias formed adjacent sub-array circuitry underlying
the stack

265. Lee discloses or at least suggests “forming conductive vias adjacent the
array of memory cells, the conductive vias formed adjacent sub-array circuitry
underlying the stack.”

266. As I explained above with reference to claim limitation [7.d] and claim
9, Lee discloses or at least suggests “forming conductive vias in the via region” and
“forming at least some of the conductive vias to be substantially vertically aligned
over portions of the sub-array circuitry.”

267. The plain and ordinary meaning of the claim term “adjacent” includes
“not distant.” EX1012, 1a. Specifically, Lee discloses forming contact plugs 32 in
contact region CR21, which is next to, i.e., “not distant,” memory region MC in
which the array of memory cells is formed. EX1004, FIG, 6. A POSITA would have
understood or at least found it obvious that contact plugs 32 in contact region CR21

are formed “adjacent the array of memory cells” in memory region MC.
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268. The plain and ordinary meaning of the claim term ‘“adjacent” also
includes “having a common endpoint or border.” EX1012, 1b. Since “first contact
plugs 32 are connected to the first row decoder 220a located at the lower portion of
the memory block,” first contact plugs 32 and first row decoder 220a are “adjacent”
in that they share “a common endpoint or border”” where they are connected. EX1004,
[0078], FIG. 11. Thus, first contact plugs 32 are formed “adjacent sub-array circuitry
underlying the stack.”

[14.d] forming at least one stair step region comprising stair step

structures using a stair step mask, the stair step structures including
steps having contact regions comprising ends of the access lines

269. Lee discloses or at least suggests “forming at least one stair step region
comprising stair step structures using a stair step mask, the stair step structures
including steps having contact regions comprising ends of the access lines.”

270. As I explained above with respect to claim limitation [7.c], claim 12,
and claim limitation [4.b], Lee discloses or at least suggests “forming stair step

99 ¢

structures in the stair step region,” “removing at least a portion of the stair step
structures using a single stair step mask and two chop masks,” and “contact regions
on the individual tiers, each tier comprising a single contact region operatively
connected to a respective access line portion of the individual access lines.”

271. Specifically, Lee discloses that “steps may be generated between two

neighboring contact regions,” i.¢., the stepped structures in step regions ST21, ST22,
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and ST23 in slimming region SL2. EX1004, [0055]. Lee further discloses contact
plugs are formed on “the lines SSL, WL, and DSL exposed in a step structure in
the second slimming region SL2.” EX1004, [0045], [0047]. Thus, Lee discloses the
exposed ends of conductive layers 10b on which contact plugs (e.g., contact plugs
Cx2) are formed.

[14.e] removing at least a portion of the stair step structures using at
least one chop mask

272. Lee discloses or at least suggests “removing at least a portion of the
stair step structures using at least one chop mask.”

273. As I explained above with respect to claim 12, Lee discloses or at least
suggests “removing at least a portion of the stair step structures using a single stair
step mask and two chop masks.” I incorporate my discussion here.

J. Dependent Claim 15: The method of claim 14, wherein removing

the at least a portion of the stair step structures using the at least
one chop mask comprises forming additional contact regions

within the at least one stair step region while reducing a cross-
sectional area of the stair step structures.

274. Lee discloses or at least suggests “removing the at least a portion of the
stair step structures using the at least one chop mask comprises forming additional
contact regions within the at least one stair step region while reducing a cross-
sectional area of the stair step structures.”

275. Specifically, claim 15 would have been known by a POSITA in AAPA-
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2 as “provid[ing] contact to additional tiers of the vertical memory block while
reducing the size of an area that the stair step structures cover.” In view of the
common knowledge evidenced by AAPA-2 and as further explained above with
respect to claim 12, referring to FIGs. 7-9 of Lee, a POSITA would have understood,
or at least found it obvious, that in each etching process using a chop mask to form
the gate lines in a pad form, more gate lines are exposed in the newly “chopped” pad
regions, thereby forming additional exposed ends in step regions ST22 and T23.
EX1004, [0069], [0072], [0074]. Each etching process using a chop mask also
results in the reduction of the area in the X-Y plane of the newly “chopped” stepped
structures.

276. For example, as shown in FIG. BA above, when the gate lines in the
area overlapping pad regions P12 and P13 (in yellow) are “chopped” to become
lower than the other area overlapping pad region P11 (in red), word lines in the area
overlapping pad regions P12 and P13 (in yellow) are “etched in a step form.”
EX1004, [0069]-[0071]. As a result, additional exposed ends of the word lines are
formed in the area where step regions ST22 and ST23 overlap with pad regions P12
and P13 (in yellow). With combined reference to FIG. BA and FIG. AZ shown
above, by chopping the gate lines in the area overlapping pad regions P12 and P13
(in yellow) in FIG. BA, an X-Y-plane area of the newly “chopped” stepped

structures overlapping pad regions P12 and P13 (in yellow) is reduced as shown in
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FIG. BA, when compared with an X-Y-plane area of the stepped structures
overlapping pad regions P11, P12, and P13 (in red) as shown in FIG. AZ. See Section
IX.G.

277. In another example, as shown in FIG. BB above, when the gate lines in
the area overlapping pad region P13 (in blue) are “chopped” again to become lower
than the other area overlapping pad region P12 (in yellow), word lines in the area
overlapping pad regions P12 and P13 (in blue) are exposed. EX1004, [0072]. As a
result, additional exposed ends of the word lines (“additional contact regions’) are
formed in the area where step regions ST22 and ST23 overlap pad region P13 (in
blue). With combined reference to FIG. BA and FIG. BB shown above, by chopping
the gate lines in the area overlapping pad region P13 (in blue) in FIG. BB, an X-Y-
plane area of the newly “chopped” stepped structures overlapping pad region P13
(in blue) is reduced, as shown in FIG. BB, when compared with the X-Y-plane area
of the stepped structures overlapping pad regions P12 and P13 (in yellow) as shown
in FIG. BA. See Section IX.G.

K. Dependent Claim 16: The method of claim 14, wherein removing

the at least a portion of the stair step structures using the at least
one chop mask comprises using the at least one chop mask after

using the stair step mask to double a number of contact regions
formed by using a single stair step mask.

278. Lee discloses or at least suggests “wherein removing the at least a

portion of the stair step structures using the at least one chop mask comprises using
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the at least one chop mask after using the stair step mask to double a number of
contact regions formed by using a single stair step mask.”

279. Specifically, like claim 15, claim 16 would have been known by a
POSITA in AAPA-2 as “provid[ing] contact to additional tiers of the vertical
memory block while reducing the size of an area that the stair step structures cover.”
In view of the common knowledge evidenced by AAPA-2 and as further explained
above with respect to claim 12, referring to FIGs. 7-8 of Lee, a POSITA would have
understood, or at least found it obvious, that after the etching process using the single
step mask to form the gate lines in a step form (FIG. 7), a second etching process
using the first chop mask is performed to form the gate lines in a pad form (FIG. 8).

280. For example, with combined reference to FIG. BA and FIG. AZ shown
above, when the gate lines in the area overlapping pad regions P12 and P13 (in
yellow) shown in FIG. BA are “chopped off” to become lower than the other area
overlapping pad region P11 (in red) shown in FIG. BA, a total number of (1) exposed
ends of the word lines formed in the area overlapping pad regions P11 (in red) shown
in FIG. BA and (ii) exposed ends of the word lines formed in the area overlapping
pad regions P12 and P13 (in yellow) shown in FIG. BA is twice the number of
exposed ends of the word lines formed in the area overlapping pad regions P11, P12,
and P13 (in red), as shown in FIG. AZ. See Section [X.G.

281. Thus, as a result of the second etching process, the number of exposed
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ends of the gate lines in step regions ST22 and ST23 is doubled, comparing FIG. BA
with FIG. AZ. Or equivalently, the number of exposed ends of the gate lines in each
step region ST22 or ST23 is doubled, comparing FIG. BA with FIG. AZ. See Section
IX.G.

L. Dependent Claim 17

282. Claim 17 is reproduced below. For ease of discussion, I have included

a label for each claim limitation.

[17.P] The method of claim 14, wherein forming the at least one stair
step region comprises:

[17.a] forming the stair step mask over the stack while exposing a width
of a first step;

[17.b] removing at least one tier of the dielectric materials and the
conductive materials exposed through the stair step mask;

[17.c] recessing an edge of the stair step mask to expose a width of a
second step; and

[17.d] removing at least another tier of the dielectric materials and the

conductive materials exposed through the stair step mask.

283. Lee discloses or otherwise renders obvious “forming the at least one
stair step region comprises:” [7.P] “forming the stair step mask over the stack while
exposing a width of a first step” [17.a], “removing at least one tier of the dielectric

materials and the conductive materials exposed through the stair step mask™ [17.b],
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recessing an edge of the stair step mask to expose a width of a second step” [17.¢],
and “removing at least another tier of the dielectric materials and the conductive
materials exposed through the stair step mask™ [17.d].

284. Claim 17 requires nothing more than the well-known “trim-etch”
process with a stair step mask used in forming stair step structures, which is also part
of AAPA-2. Sections VI.D.2.a and VII.A.2. Specifically, claim limitation [17.a]
would have been known by a POSITA in AAPA-2 as “[a] stair step mask may be
formed over the vertical memory block while leaving one step-width (e.g., a width
of one contact region 524 measured in the longitudinal direction y) exposed”; claim
limitation [17.b] would have been known by a POSITA in AAPA-2 as “[o]ne or
more tiers of conductive material (e.g., of the conductive word lines 516) exposed
through the stair step mask may be removed”; claim limitation [17.¢] would have
been known by a POSITA in AAPA-2 as “[a]n edge of the stair step mask may be
removed to recess the edge of the stair step mask and to expose another step-width,
in addition to the original exposed step-width”; claim limitation [17.c] would have
been known by a POSITA in AAPA-2 as “[a]nother cycle of material removal may
be performed to remove another one or more tiers of conductive material exposed
through the recessed stair step mask.”

285. 1 noted that Freeman (EX1005), one of Micron’s own patents that

shares the same first inventor as the *974 Patent but was published almost three years
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prior to the earliest possible effective filing date of the *974 patent, in its Background
section when describing FIGs. 1A-1D, which are labeled as PRIOR ART and “show
one conventional method of creating a stair-step structure 10,” describes almost the
identical trim-etch process using a stair-step mask 16 as AAPA-2. EX1005, [0004]-
[0005], FIGs. 1A-1D.

286. For example, as shown below in FIG. BD, which includes FIGs. 1A-
1D of EX1005, Freeman discloses: (i) “[a]s shown in FIG. 1A, ... [a] mask 16 (e.g.,
photoresist material) is formed over the topmost insulating material 14 and patterned
to expose a portion of the insulating material 14a, the exposed portion having a width
of one so-called “step” of the stair-step structure 10 to be formed;” (ii) as shown in
FIG. 1B, “[t]he exposed insulating material 14a is removed by one dry etch process
that stops on the conductive material 12a, and the exposed conductive material 12a
is then removed by another dry etch process that stops on the insulating material
14b;” (ii1) still with reference to FIG. 1B, “the mask 16 is reduced in size by
removing a portion of the mask (also known as “trimming”), such as by isotropic
etching, to expose another portion of the insulating material 14a;” and (iv) with
reference to FIG. 1C, “[t]he process is repeated by ... including removing the
exposed portions of the two insulating materials 14a and 14b and subsequently
removing exposed portions of the two conductive materials 12a and 12b.” EX1005,

[0004], [0005]. Freeman further discloses “[a]s shown in FIG. 1C, the successive
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reduction in size of the mask 16 and the repeated dry etch processes are continued

until the insulating material 14c and conductive material 12c¢ is exposed, the mask

16 is removed, and a stair-step structure 10 remains.” EX1005, [0005]. Thus, it is

clear to me that the trim-etch process using stair-step mask 16 described in Freeman

is almost identical to that using the stair step mask as described in AAPA-2.

FIG. 1A
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FIG. BD —FIGs. 1A-1D of EX1005

287. As I explained above with respect to claim limitation [14.d], Lee

discloses or at least suggests “forming at least one stair step region comprising stair

step structures using a stair step mask” by disclosing the process shown in FIG. 7.

Thus, in view of the common knowledge in the art of using the trim-etch process

and the stair step mask to form stair step structures, as evidenced by AAPA-2 and
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Freeman, a POSITA would have understood that Lee discloses or at least suggests

claim 17.

M. Dependent Claim 18

288. Claim 18 is reproduced below. For ease of discussion, I have included
a label for each claim limitation.

[18.P] The method of claim 14, wherein removing the at least a
portion of the stair step structures using the at least one chop
mask comprises:

[18.a] covering a first portion of the stair step structures with the
at least one chop mask while exposing a second portion of the
stair step structures through the at least one chop mask; and
[18.b] vertically recessing the second portion of the stair step

structures such that at least one exposed tier is removed.

289. Lee discloses or at least suggests “[t]he method of claim 14, wherein
removing the at least a portion of the stair step structures using the at least one chop
mask comprises:” [18.P] “covering a first portion of the stair step structures with the
at least one chop mask while exposing a second portion of the stair step structures
through the at least one chop mask” [18.a], and “vertically recessing the second
portion of the stair step structures such that at least one exposed tier is removed”
[18.b].

290. Like claims 15 and 16, claim 18 requires nothing more than the well-
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known “chopping” process for “provid[ing] contact to additional tiers of the vertical
memory block while reducing the size of an area that the stair step structures cover,”
which is part of AAPA-2. EX1001, 9:50-10:11. Claim limitation [18.a] would have
been known by a POSITA in AAPA-2 as “[a] chop mask may be used cover one or
more particular stair step structures or portions thereof ... while leaving one or more
other stair step structures or portions thereof exposed through the chop mask.”
Claim limitation [18.b] would have been known by a POSITA in AAPA-2 as “[t]he
entire exposed one or more other stair step structures or portions thereof is vertically

recessed, such that one or more exposed tiers is removed.”

FIG. 8

.
.

FIG. BA —FIG. 8 of EX1004 (annotated)
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291. In view of the common knowledge evidenced by AAPA-2, and as
further explained above with respect to claim [12], a POSITA would have
understood, or at least found it obvious, that as shown in FIG. BA above, in the
etching process using the first chop mask, the first areas of step regions ST22 and
ST23 overlapping pad region P11 (in red) are covered by the first chop mask, while
the second areas of step regions ST22 and ST23 overlapping pad regions P12 and
13 (in yellow) are exposed, such that only the second areas are etched (“chopped
off”). See Section [X.G.

292. Similarly, in view of the common knowledge evidenced by AAPA-2,
and as further explained above with respect to claim [12], a POSITA would have
understood, or at least found it obvious, that as shown in FIG. BB above, in the
etching process using the second chop mask, the third areas of step regions ST22
and ST23 overlapping pad regions P11 and P12 (in red and yellow) are covered by
the second chop mask, while the fourth areas of step regions ST22 and ST23
overlapping pad region 13 (in blue) are exposed, such that only the fourth areas are
etched (“chopped off”). See Section [X.G.

293. Further, as I discussed above with respect to claim limitation [4.a], a
pair of conductive layer 10b (including gate lines) and insulating layer 10a is a
claimed “tier.” Lee specifically discloses “[r]eferring to FIG. 8, heights of the lines

are decreased by etching the word lines included in the regions in which the 22"
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step region ST22, ... and the 23" step region ST23 of the second slimming region
SL2 overlap the 12% pad region P12 and the 13™ pad region P13.” EX1004, [0069].
That is, as shown in FIG. BA, in the etching process using the first chop mask, the
second areas of step regions ST22 and ST23 overlapping pad regions P12 and 13 (in
yellow) are etched (“chopped off”), such that at least a pair of conductive layer 10b
(forming gate lines) and insulating layer 10a is removed. See Section IX.G.

294. Similarly, Lee also discloses “[r]eferring to FIG. 9, a height of the
region is decreased by etching the word lines WL [i]ncluded in the regions, in which
the 22" step region ST22, ... and the 23" step region ST23 of the second slimming
region SL2 overlap the 13" pad region P13.” EX1004, [0072]. That is, as shown in
FIG. BB, in the etching process using the second chop mask, the fourth areas of step
regions ST22 and ST23 overlapping pad region 13 (in blue) are etched (“chopped
off”), such that at least a pair of conductive layer 10b (forming gate lines) and
insulating layer 10a is removed. See Section [X.G.

N. Dependent Claim 19: The method of claim 14, wherein forming

the conductive vias comprises forming at least some of the

conductive vias between the array of memory cells and the at least
one stair step region.

295. Lee discloses or at least suggests “wherein forming the conductive vias
comprises forming at least some of the conductive vias between the array of memory
cells and the at least one stair step region.”
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296. AsIdiscussed above with respect to claim limitations [14.c] and [1.a.3],
Lee discloses “forming conductive vias adjacent the array of memory cells” and
“conductive vias in at least one via region at least partially located between the
memory cell region and the at least one stair step region.” [ incorporate my
discussion about claim limitations [14.c] and [1.a.3].

X. Ground 3: Lee in View of Freeman Renders Obvious Claims 12 and 14-
19

297. As I discussed above in Section IX, Lee discloses or otherwise renders
obvious claims 12 and 14-19. To the extent further disclosures are required, Lee in
view of Freeman renders these claims obvious in my opinion.

A. Reasons to Combine Lee and Freeman

298. As I discussed above in Section IX, Lee discloses, or at least suggests,
the various claim limitations related to using “a stair step mask” (claim limitation
[14.d] and claim 17) and “at least one chop mask” (claim limitation [14.e], claims
15, 16, and 18) in “forming at least one stair step region” (collectively “mask
limitations™) in particularly, in view of AAPA-2 and common knowledge of a
POSITA.

299. Lee and Freeman provide complementary teachings regarding the mask
limitations. While Lee does not explicitly use the terms “stair-step mask’ or “chop
mask,” it describes the formation of stepped structures in FIGs. 7-10. A POSITA,
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considering these teachings alongside Freeman’s explicit disclosure of using “stair-

step mask” and “chop mask” to form similar stair-step structures in FIGs. 2-14,

would have understood—or at the very least, found it obvious—that Lee also

employs stair-step and chop masks in its stepped structure formation method.

FIG. 7
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FIG. 5

FIG. BE —Comparison of FIG. 7 of EX1004 with FIGs. 5 and 6 of EX1005
(annotated)

300. By comparing FIG. 7 of Lee (top) with FIGs. 5-6 of Freeman (bottom),
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as shown in FIG. BE above, a POSITA would readily appreciate Lee’s current
stepped structures (in red) in step regions ST22 and ST23 in FIG. 7 are substantially
the same as Freeman’s intermediate stair-step structure 100 (in red) in FIG. 6. Thus,
a POSITA would have found it obvious to combine Freeman’s teachings of the
process (as shown in FIG. 5), which would also form the same stepped structure of
Lee, to supplement any missing details of Lee, including the usage of stair-step mask
116 because it is necessary to form intermediate stair-step structure 100 using stair-
step mask 116. See Sections VIII.B and IX.G.

301. Similarly, as shown in FIG. BF, by comparing FIG. 8 of Lee (top) and
FIGs. 11-12 of Freeman (bottom), a POSITA would readily appreciate that Lee’s
current stepped structures (in red and yellow) in step regions ST22 and ST23 in FIG.
8 are substantially the same as Freeman’s current stair-step structures (in red and
yellow) in FIG. 12. Thus, a POSITA would have found it obvious to combine
Freeman’s teachings of the process (as shown in FIG. 11), which would also form
the same stepped structures of Lee, to supplement any missing details of Lee,
particularly the usage of first chop mask 236 because it is necessary to form the

current stair-step structure using first chop mask 236. See Sections VIII.B and IX.G.
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FIG. BF — Comparison of FIG. 8 of EX1004 with FIGs. 11 and 12 of EX1005
(annotated)

302. Likewise, as shown in FIG. BG below, by comparing FIG. 9 of Lee
(top) and FIGs. 13 and 14 of Freeman (bottom), a POSITA would readily appreciate
that Lee’s stepped structures (in red, yellow, and blue) in step regions ST22 and

ST23 in FIG. 9 are substantially the same as Freeman’s stair-step structure 200 (in
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red, yellow, and blue) in FIG. 14. Thus, a POSITA would have found it obvious to
combine Freeman’s teachings of the process (as shown in FIG. 13), which would
also form the same stepped structures of Lee, to supplement any missing details of
Lee, particularly the usage of second chop mask 246 because it is necessary to form

stair-step structure 200 using second chop mask 246. See Sections VIII.B and IX.G.

157

YMTC EXHIBIT 1003
Page 157 of 217



1]

RANNNNNERNNNNNNNN
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FIG. BG — Comparison of FIG. 9 of EX1001 with FIGs. 13 and 14 of EX1005
(annotated)
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303. For the reasons stated above, a POSITA would have found it obvious
to incorporate Freeman’s explicit teachings on using stair-step masks and chop
masks for forming stair-step structures into Lee’s stepped structure formation
method.

B. Dependent Claim 12: The method of claim 7, wherein forming the

stair step structures comprises removing at least a portion of the

stair step structures using a single stair step mask and two chop
masks.

304. Lee in view of Freeman renders obvious “wherein forming the stair step
structures comprises removing at least a portion of the stair step structures using a
single stair step mask and two chop masks.”

305. As I explained above with respect to claim 12 in Grounds 1 and 2, Lee
discloses or at least suggests “removing at least a portion of the stair step structures,”
and a POSITA would have understood that Lee discloses, or at least suggests, the
usage of a stair step mask and chop masks in forming its stepped structures. See
Section IX.G.

306. To the extent that additional disclosures are required to render obvious
claim 12 besides Lee’s disclosures and suggestions explained in Section 1X.G,
Freeman provides explicit teachings of using a stair-step mask 116, a first chop mask
236, and a second chop mask 246 to form its intermediate stair-step structure 100 in
FIG. BE shown above, its current stair-step structure in FIG. BF shown above, and
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its stair-step structures 200 in FIG. BG shown above, respectively. See Sections
VIIL.B and X.A. A POSITA would have found it obvious to combine Lee and
Freeman to arrive at the claimed invention as recited in claim 12.

C. Independent Claim 14

307. Claim 14 is reproduced below. For ease of discussion, I have included

a label for each claim limitation.

[14.P] A method of forming a microelectronic device, the method
comprising:

[14.a] forming an array of memory cells within a stack comprising
alternating dielectric materials and conductive materials;

[14.b] forming access lines coupled to memory cells of the array of
memory cells;

[14.c] forming conductive vias adjacent the array of memory cells, the
conductive vias formed adjacent sub-array circuitry underlying the
stack;

[14.d] forming at least one stair step region comprising stair step
structures using a stair step mask, the stair step structures including
steps having contact regions comprising ends of the access lines; and
[14.e] removing at least a portion of the stair step structures using at

least one chop mask.

[14.P] A method of forming a microelectronic device

308. I incorporate the discussion provided above with respect to claim

limitation [14.P] in Grounds 1 and 2, Lee discloses or at least suggests claim
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limitation [14.P]. Thus, Lee in view of Freeman renders obvious claim limitation
[14.P].

[14.a] forming an array of memory cells within a stack comprising
alternating dielectric materials and conductive materials

309. T incorporate the discussion provided above with respect to claim
limitation [14.a] in Grounds 1 and 2, Lee discloses or at least suggests claim
limitation [14.a]. Thus, Lee in view of Freeman renders obvious claim limitation
[14.a].

[14.b] forming access lines coupled to memory cells of the array of
memory cells

310. T incorporate the discussion provided above with respect to claim
limitation [14.b] in Grounds 1 and 2, Lee discloses or at least suggests claim
limitation [14.b]. Thus, Lee in view of Freeman renders obvious claim limitation
[14.b].

[14.c] forming conductive vias adjacent the array of memory cells,

the conductive vias formed adjacent sub-array circuitry underlying
the stack

311. I incorporate the discussion provided above with respect to claim
limitation [14.c¢] in Grounds 1 and 2, Lee discloses or at least suggests claim
limitation [14.c]. Thus, Lee in view of Freeman renders obvious claim limitation

[14.c].
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[14.d] forming at least one stair step region comprising stair step
Structures using a stair step mask, the stair step structures including
steps having contact regions comprising ends of the access lines

312. As I explained above with respect to claim 12, Lee in view of Freeman
renders obvious “removing at least a portion of the stair step structures using a single
stair step mask and two chop masks.” As explained above with respect to claim 12
in Grounds 1 and 2, Lee discloses “the stair step structures including steps having
contact regions comprising ends of the access lines.” Thus, Lee in view of Freeman
renders obvious claim limitation [14.d].

[14.e] removing at least a portion of the stair step structures using at
least one chop mask

313. AsI explained above with respect to claim 12, Lee in view of Freeman
renders obvious “removing at least a portion of the stair step structures using a single
stair step mask and two chop masks.” I incorporate my discussion here. Lee in view
of Freeman renders obvious claim limitation [14.e].

D. Dependent Claim 15: The method of claim 14, wherein removing

the at least a portion of the stair step structures using the at least
one chop mask comprises forming additional contact regions

within the at least one stair step region while reducing a cross-
sectional area of the stair step structures.

314. Lee in view of Freeman renders obvious “removing the at least a
portion of the stair step structures using the at least one chop mask comprises
forming additional contact regions within the at least one stair step region while
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reducing a cross-sectional area of the stair step structures.”

315. As I explained above with respect to claim 15 in Grounds 1 and 2, Lee
discloses or at least suggests “forming additional contact regions within the at least
one stair step region while reducing a cross-sectional area of the stair step structures.”
See Section [X.J.

316. To the extent that additional disclosures are required to render obvious
claim 15 besides Lee’s disclosures and suggestions explained in Section 1X.J,
Freeman provides explicit teachings of forming additional contact regions in its
stair-step region and reducing the size of the stair-step structure to achieve space-
saving. See Sections VIII.B and X.A; see also EX1005, [0042], [0048].

317. For example, as discussed above in Section VIIL.B.1 above and with
reference to FIG. BH shown below, which includes FIGs. 6 and 9 of Freeman,
Freeman discloses (i) using stair-step mask 116 to form intermediate stair-step
structure 150 in stair-step region 124 as shown in FIG. 6 and then (ii) using chop
mask 126 to form stair-step structure 100 as shown in FIG. 9. Freeman also discloses
“[a]s can be seen in FIG. 6, an intermediate stair-step structure 150 may be formed
in which half the number of sets 115 of the total number of sets 115 includes steps
formed therein.” EX1005, [0035]. Freeman also discloses, as shown in FIG. 9,
“stair-step structure 100 may include a first region 170 providing exposure to a first

half of the sets 115 and a second region 180 laterally adjacent the first region 170
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providing exposure to a second half of the sets 115,” where “an exposed portion of
each set 115 may be referred to as a ‘contact region.”” EX1005, [0038]. That is,
Freeman discloses by using chop mask 126 to form stair-step structure 100 shown
in FIG. 9, the second half of the sets 115 are exposed to form additional contact
regions in second region 180 of stair-step region 124. EX1005, [0038]. As a result,
the contact regions formed in FIG. 9 are doubled when compared to the contact

regions formed in FIG. 6 by using stair-step mask 116.
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FIG. BH — FIGs. 6 and 9 of EX1005
318. Additionally, Freeman discloses “the method described in this

disclosure may include forming two masks (first mask 116 and second mask 126) to
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achieve ... space savings.” EX1005, [0042]. With reference to FIG. BH shown

above, by exposing the second half of sets 115 to form additional contact regions in

second region 180 in FIG. 9, an X-Y-plane area of the newly “chopped” stair-step

structure in second region 180 in FIG. 9 is reduced when compared with an X-Y-

plane area of intermediate stair-step structure 150 shown in FIG. 6.

E. Dependent Claim 16: The method of claim 14, wherein removing

the at least a portion of the stair step structures using the at least
one chop mask comprises using the at least one chop mask after

using the stair step mask to double a number of contact regions
formed by using a single stair step mask.

319. AsIdiscussed in Section IX.K, Lee discloses or at least suggests claim
16. To the extent that additional disclosures are required, as explained in Section
X.D, Freeman discloses that the contact regions formed in FIG. 9 are doubled by
using chop mask 126 when compared to the contact regions formed in FIG. 6 by
using stair-step mask 116. A POSITA would have found it obvious to combine Lee
and Freeman to arrive at the claimed invention as recited in claim 16.

F. Dependent Claim 17
320. Claim 17 is reproduced below. For ease of discussion, I have included

a label for each claim limitation.

[17.P] The method of claim 14, wherein forming the at least one stair
step region comprises:

[17.a] forming the stair step mask over the stack while exposing a width
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of a first step;

[17.b] removing at least one tier of the dielectric materials and the
conductive materials exposed through the stair step mask;

[17.c] recessing an edge of the stair step mask to expose a width of a
second step; and

[17.d] removing at least another tier of the dielectric materials and the

conductive materials exposed through the stair step mask.

321. As discussed in Section IX.L, Lee discloses or at least suggests claim
limitations [17.a]-[17.d]. To the extent that additional disclosures are required, a
POSITA would have found it obvious to combine Lee and Freeman to supplement
Freeman’s additional processing details of using the stair step mask regarding [17.a]-
[17.d], as discussed below, to Lee’s process in FIG. 7. See Sections VIIL.B, IX.L,
and X.A.

[17.P] The method of claim 14, wherein forming the at least one
Stair step region comprises:

322. I incorporate the discussion provided above with respect to claim
limitation [14.d] in Ground 3, Lee in view of Freeman renders obvious claim
limitation [17.p].

[17.a] forming the stair step mask over the stack while exposing a
width of a first step

323. Lee in view of Freeman renders obvious “forming the stair step mask

over the stack while exposing a width of a first step.”
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324. In addition to the prior art shown in its FIG. 1A as discussed in Section
IX.L, Freeman also discloses forming stair-step mask 116 “over the topmost set 115a
of conductive material 112a and insulating material 114a” to “expose a portion of a
major surface of the topmost insulating material 114a in the stair-step region 124
that has a width 111 of approximately a desired width of the step to be formed.”
EX1005, [0004], [0028], FIG. 2; see Section VIIL.B.1.

[17.b] removing at least one tier of the dielectric materials and the
conductive materials exposed through the stair step mask

325. Lee in view of Freeman renders obvious “removing at least one tier of
the dielectric materials and the conductive materials exposed through the stair step
mask.”

326. In addition to the prior art shown in its FIG. 1B as discussed in Section
IX.L, Freeman further discloses removing a portion of first set 115a of conductive
material 112a and insulating material 114a exposed through stair step mask 116.
EX1005, [0004], [0030], FIG. 3; see Section VIIL.B.1.

[17.c] recessing an edge of the stair step mask to expose a width of a
second step

327. Lee in view of Freeman renders obvious “recessing an edge of the stair
step mask to expose a width of a second step.”
328. In addition to the prior art shown in its FIG. 1B as discussed in Section

IX.L, Freeman further discloses removing an end portion of staircase mask 116 “to
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the extent that the portion of the first insulating material 114a that is exposed exhibits
a width that is approximately a desired width of a step.” EX1005, [0004], [0032],
FIG. 3; see Section VIII.B.1.

[17.d] removing at least another tier of the dielectric materials and
the conductive materials exposed through the stair step mask

329. Lee in view of Freeman renders obvious “removing at least another tier
of the dielectric materials and the conductive materials exposed through the stair
step mask.”

330. In addition to the prior art shown in FIG. 1C as discussed in Section
IX.L, Freeman further discloses removing a portion of second set 115b of conductive
material 112b and insulating material 114b exposed through stair step mask 116.
EX1005, [0005], [0033], FIG. 4; see Section II1.B.1.

G. Dependent Claim 18

331. Claim 18 is reproduced below. For ease of discussion, I have included

a label for each claim limitation.

[18.P] The method of claim 14, wherein removing the at least a
portion of the stair step structures using the at least one chop
mask comprises:

[18.a] covering a first portion of the stair step structures with the
at least one chop mask while exposing a second portion of the
stair step structures through the at least one chop mask; and
[18.b] vertically recessing the second portion of the stair step
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structures such that at least one exposed tier is removed.

[18.P] The method of claim 14, wherein removing the at least a
portion of the stair step structures using the at least one chop mask
comprises:

332. I incorporate the discussion provided above with respect to claim
limitation [14.e] in Ground 3, Lee in view of Freeman renders obvious claim
limitation [18.P].

[18.a] covering a first portion of the stair step structures with the at

least one chop mask while exposing a second portion of the stair
step structures through the at least one chop mask

333. Lee in view of Freeman renders obvious “covering a first portion of the
stair step structures with the at least one chop mask while exposing a second portion
of the stair step structures through the at least one chop mask.”

334. As I explained in Section VIII.B.1, Freeman discloses that chop mask
126 is patterned over insulation layers 114, covering a first region 170 of stair-step
region 124, while leaving a second region 180 exposed. EX1005, FIG. 7, [0036].

[18.b] vertically recessing the second portion of the stair step
structures such that at least one exposed tier is removed

335. Lee in view of Freeman renders obvious ‘“vertically recessing the
second portion of the stair step structures such that at least one exposed tier is

removed.”
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336. As I explained in Section VIII.B.1, Freeman discloses that the exposed
second region 180 is then etched to remove materials from a number of sets 115 to
expose sets 115 in the bottom portion of the stack, while leaving first region 170
covered by chop mask 126 intact. EX1005, FIG. 7, [0037].

H. Dependent Claim 19

337. Tincorporate the discussion provided above with respect to claim 19 in
Grounds 1 and 2, Lee discloses or at least suggests claim 19. Thus, Lee in view of
Freeman renders obvious claim 19.

XI. Ground 4: Lee in View of Lim Renders Obvious Claim 13

338. As discussed above in Section IX.H, Lee discloses or at least suggests
claim 13. To the extent claim limitation [13.b] of claim 13 requires “forming the
conductive vias in the via region” and “isolating the conductive vias,” when “the
stack of alternating dielectric materials” still exits, Lee in view of Lim suggests claim
limitation [13.b] and thus, renders claim 13 obvious in my opinion.

339. An overview of Lim is provided above in Section VIII.C.

A. Reasons to Combine Lee and Lim

340. A POSITA would have found it obvious to combine Lee and Lim for
various reasons discussed below in detail. Specifically, a POSITA would have been
motivated to modify Lee in view of Lim to form Lee’s contact plugs 52 in the

remaining alternating dielectric stack, instead of blocking layers 31, of the memory
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block, thereby simplifying the manufacturing process.

1. Teaching, suggestion, and motivation in prior art

341. Lee’s stated objectives include minimizing semiconductor device size,
enhancing integration density, and streamlining the manufacturing process to reduce
costs. EX1004, [0009]. While Lee discloses forming contact plugs 32 in blocking
layers 31, which “may be formed of an insulating material such as an oxidization
layer,” Lee does not specify the timing of forming blocking layers 31 and contact
plugs 32 within its fabrication process flow. EX1004, [0077].

342. As discussed in Section VIII.C.2, Lim, in its first embodiment,
discloses the partial gate replacement process for forming insulating structure 23
having a stack of alternating first and second insulating patterns 20a and 22a (FIG.
23A). In contrast, as discussed in Section VIII.C.3, Lim, in the second embodiment,
discloses forming contact plugs 52 through insulating structure 123 of silicon oxide,
which is analogous to Lee’s contact plugs 32 formed through blocking layers 31.
EX1006, [0140], [0144], FIG. 11A; EX1008, PP92, 96, FIG. 11A.

343. Comparing the process flows of these two embodiments, a POSITA
would readily appreciate that, to form insulating structure 123, Lim introduces an
additional processing step (step 340 in FIG. 29, FIG. 30A) before the gate
replacement step in its second embodiment. EX1006, [0269]; EX1008, [P222; see

also Section VIII.C.3. This additional step is not required in Lim’s first embodiment,
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where insulating structure 23 is formed as part of a more streamlined process.
Specifically, in the first embodiment, Lim utilizes a partial gate replacement process
that inherently leads to the formation of insulating structure 23, simplifying the
overall fabrication flow. By contrast, the second embodiment requires an extra step
to independently form insulating structure 123 before proceeding with contact plug
formation.

344. A POSITA would have recognized that Lim’s first embodiment offers
a more efficient alternative, reducing processing complexity and manufacturing time.
Since insulating structure 23 is already present due to the partial gate replacement
process, this approach eliminates the need for additional deposition and patterning
steps. As a result, contact plugs 52 can be subsequently formed through the pre-
existing dielectric materials of insulating structure 23, avoiding redundant
fabrication steps. This optimization aligns with industry goals of minimizing process
steps, improving yield, and reducing costs in semiconductor manufacturing.

345. Since Lee’s contact plugs 32 are formed within blocking layers 31,
which are structurally and functionally equivalent to Lim’s insulating structure 123
in the second embodiment, a POSITA would have recognized, or at the very least
found it obvious, that Lee likely employs an analogous process for forming blocking
layers 31, akin to the fabrication approach used in Lim’s second embodiment.

EX1006, [0140], [0144]; EX1008, PP92, 96, FIG. 11A.
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346. Given this understanding, a POSITA would have been motivated to
modify Lee’s process by incorporating Lim’s partial gate replacement approach
from its first embodiment. By doing so, blocking layers 31—analogous to Lim’s
insulating structure 123—could be eliminated, thereby streamlining the overall
manufacturing process. Instead of separately forming blocking layers 31 and
subsequently integrating contact plugs 32, the partial gate replacement process
would allow for the direct formation of contact plugs through pre-existing dielectric
materials, much like how Lim’s first embodiment facilitates the formation of
insulating structure 23.

347. This modification would not only simplify Lee’s process but also
directly align with its stated objectives of reducing semiconductor device size,
improving integration efficiency, and minimizing fabrication complexity to lower
production costs. By eliminating redundant processing steps and unnecessary
material depositions, this approach would enhance manufacturing efficiency while
maintaining or even improving device performance and structural reliability.

348. Moreover, a POSITA would have been further motivated to apply a
partial gate replacement process to Lee’s fabrication method due to the structural
advantages provided by Lim’s approach. As illustrated in FIG. 23A of Lim,
insulating structure 23—composed of a remaining stack of alternating dielectric

materials—serves as a mechanical support for insulating patterns 20a/20b. This
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structural reinforcement prevents these insulating patterns from collapsing or
bending when empty spaces 36 are introduced between them during the gate
replacement process. EX1006, [0221], FIG. 23A; EX1008, P173, FIG. 23A. By
utilizing this structural support, the need for additional supporting structures is
eliminated, leading to a more compact device and a streamlined manufacturing
process.

2. Reasonable Expectation of Success

349. Lim’s partial gate replacement technique is applicable to Lee’s
fabrication process flow due to the significant similarities between Lee and Lim,
which align with the requirements of the claimed invention. Specifically, both Lee
and Lim disclose memory cells within a memory cell region, stair-step structures in
a stair-step region, conductive vias in a via region, access lines, and dielectric
material within slots, as well as the formation methods for these components, as
required, for example, by claim 7. See Sections VIII.A, VIII.C. These structural and
procedural similarities provide a foundation for the interchangeability of
components and processes between Lee and Lim. This interchangeability enables a
POSITA to modify components or processes from one reference and apply them to
the counterpart in the other, facilitating a seamless integration of Lim’s partial gate
replacement technique into Lee’s process to achieve the desired improvements in

the fabrication of semiconductor devices.
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350. It 1s well within a POSITA’s capabilities to apply the partial gate
replacement process to Lee’s fabrication method without undue difficulty and with
areasonable expectation of success. Lim provides explicit guidance on the technique,
specifically detailing how to set the distance between adjacent trenches 34 to control
the location and extent of the partial gate replacement. EX1006, [0219], [0222], FIGs.
2A, 3A; EX1008, PP171, 174, FIGs. 2A, 3A; see Section VIII.C.2.a. This detailed
guidance, in combination with common knowledge in the field, equips a POSITA
with the necessary tools to implement various viable designs for applying the partial
gate replacement process to Lee’s device and process. Given the clear teaching in
Lim and the familiarity of a POSITA with these methods, the application of the
technique to Lee’s fabrication flow would be straightforward, without requiring
undue experimentation or deviation from established practices.

351. For instance, the adjacent slots in Lee’s device could be designed with
a sufficient distance between them in contact region CR21 to enable partial gate
replacement to occur in that region. This configuration would leave the stack of
alternating dielectric materials intact in contact region CR21, which would then
function as the insulating structure for contact plugs 32. By controlling the spacing
between the slots, the partial gate replacement can be localized to only the desired
region, ensuring that the insulating structure in the contact region remains functional

and aligned with the intended design requirements.
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352. A POSITA would have understood, or at the very least found it obvious,
that the distance between adjacent slots could be adjusted in other regions as needed,
for instance, by designing the slots to follow non-straight lines. This would allow
the prevention of partial gate replacement in certain areas, depending on the design
requirements. For example, in memory region MC, this approach could help
maintain the cell density by ensuring a full gate replacement in memory region MC
such that all the sacrificial dielectric layers are replaced by gate lines where memory
cells can form. Such an adjustment ensures that the functional characteristics of each
region are preserved, optimizing the overall device performance.

353. Furthermore, a POSITA would have recognized that implementing
such adjustments to the slot design would not introduce any additional processing
steps or complexity. The existing process flow of Lee for forming contact plugs 32
could still be followed without the need for new or specialized techniques. After the
partial gate replacement process is completed, contact plugs 32 could be formed
through the remaining stack of alternating dielectric materials using the same
standard contact hole etching and conductive material deposition steps that are
already employed in Lim’s TAVs formation process, as shown in FIGs. 26 A-26B.
This allows for a seamless integration of the modification into the existing

fabrication workflow, enhancing the efficiency and manufacturability of the device.
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B. Dependent Claim 13

354. Claim 13 is reproduced below. For ease of discussion, I have included
a label for each claim limitation.

[13.P] The method of claim 7, wherein:

[13.a] forming the array of memory cells in the memory cell region
comprises forming vertical memory cell pillars within a stack of
alternating dielectric materials; and

[13.b] forming conductive vias in the via region comprises isolating the

conductive vias within the stack of alternating dielectric materials.

[13.P] The method of claim 7, wherein:

355. Lee in view of Lim renders obvious the method of claim 7. 1
incorporate my discussion for claim 7.
[13.a] forming the array of memory cells in the memory cell region

comprises forming vertical memory cell pillars within a stack of
alternating dielectric materials

356. I incorporate the discussion provided above with respect to claim
limitation [13.a] in Grounds 1 and 2, Lee discloses or at least suggests claim
limitation [13.a].

357. Lim also discloses “forming the array of memory cells in the memory
cell region comprises forming vertical memory cell pillars within a stack of

alternating dielectric materials.”
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358. Specifically, Lim discloses forming a molding structure MS, including
alternating first and second dielectric molding layers 20 (e.g., silicon oxide) and 22
(e.g., silicon nitride). EX1006, [0208], [0209], [0216], FIGs. 21A, 21B; EX1008,
PP160, 161, 168, FIGs. 21A, 21B. Lim further discloses forming cell vertical
structures CV within molding structure MS. EX1006, [0211]-[0214], FIGs. 22A,
22B; EX1008, [PP163-166, FIGs. 22A, 22B. Lim’s cell vertical structures CV also
qualify as the claimed “vertical memory cell pillars,” consistent with the 974 Patent.
EX1006, [0212]-[0214]; EX1008, PP164-166; EX1001, 4:32-37.

[13.b] forming conductive vias in the via region comprises isolating

the conductive vias within the stack of alternating dielectric
materials.

359. T incorporate the discussion provided above with respect to claim
limitation [13.b] in Grounds 1 and 2, Lee discloses or at least suggests claim
limitation [13.b].

360. To the extent (not conceding) claim limitation [13.b] requires the
timing of “forming the conductive vias in the via region” and “isolating the
conductive vias,” specifically, when “the stack of alternating dielectric materials”
still exits, Lim discloses the partial gate replacement process in forming its
semiconductor device, as explained above in Section VIII.C.2.a. EX1006, [0221],
[0222], [0225], FIG. 23A; EX1008, PP173, 174, 177, FIG. 23A.

361. The partial gate replacement process results in insulating structure 23
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having alternating first and second insulating patterns 20a and 22a, which is part of
molding structure MS. Lim further discloses forming contact plugs 52 by etching
contact holes through insulating structure 23 and forming a conductive material layer
filling the contact holes, thereby isolating contact plugs 52 from cell gate conductive
patterns 38a. EX1006, [0233], [0234], [0240], FIG. 26A; EX1008, PP185, 186, 192,
FIG. 26A. See also Sections VIII.C.1.c and VIII.C.2.

362. Therefore, Lim discloses “forming conductive vias in the via region
comprises isolating the conductive vias within the stack of alternating dielectric
materials,” even under a narrower interpretation.

363. As discussed in Section XI.A, a POSITA would have found it obvious
to form Lee’s contact plugs 32 using Lim’s partial gate replacement and
simultaneous contact structure forming processes, such that the number of
processing steps can be reduced, thereby simplifying the manufacturing process and
reducing costs.

XII. Secondary Considerations

364. 1 have seen no evidence in the ’974 Patent’s prosecution history or
elsewhere supporting any secondary considerations arguments, or evidence of nexus
to any of the challenged claims. See generally EX1002. Indeed, per my discussion
of the prior art referenced herein, any purported solutions to problems or unexpected

results in the 974 Patent were already well known. To the extent Patent Owner
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asserts the existence of any secondary considerations in its responses, I reserve my
right to address any such evidence.
XIII. Additional Remarks

365. I currently hold the opinions expressed in this declaration. But my
analysis may continue, and [ may acquire additional information and/or attain
supplemental insights that may result in added observations.

366. I have reviewed the accompanying Petition for Inter Partes Review of
the *974 Patent and, given the information set forth in this declaration, I agree with
the reasoning and conclusions of the grounds of challenge in the petition. Based on
my own analysis, | agree that: (1) Lee anticipates or otherwise renders obvious
claims 1, 4, 5, 7, 9, and 11-19; (2) Lee in view of Freeman also renders obvious

claims 12 and 14-19; and (3) Lee in view of Lim also renders obvious claim 13.

* * *
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I hereby declare that all statements made are of my own knowledge are true and that
all statements made on information and belief are believed to be true. 1 further
declare 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 of the Title 18 of the United States Code and that such willful

false statements may jeopardize the validity of this proceeding.

z/%/é/?um

Dr. Mariusz Orlowski
Pembroke, Virginia

Dated: 4- 13-2025 By:
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Marius K. Orlowski Ph.D.
Curriculum Vitae

Professional Summary

Marius Orlowski Ph.D. has 40 years of experience in the semiconductor industry, with a specific
emphasis on the physics of semiconductor devices, processes and manufacturing. He held technical
positions at Stanford University, Purdue University, and the German Space Agency in Stuttgart-
Vaihingen, Germany. For over 25 years he has worked in the semiconductor industry, first at Siemens
and then at Motorola, whose semiconductor division later became Freescale Semiconductor. Since 2008
he has been a Professor at Virginia Tech, where he continues his research in semiconductor device
physics and technology.

His research in semiconductor device physics at Motorola had a specific emphasis oxidation, diffusion,
mechanical stress effects in silicon, and crystal defects, as well as on non-volatile memories and
associated physical effects, such as band-to-band tunneling. In 1990, he was the first to explain the so
called reverse short channel effect in MOSFET and to explain band-to-band tunneling in MOSFETs, and
correctly predicted new modes of tunneling. In addition, he researched the impact of band-to-band
tunneling on non-volatile memories. In addition to conducting research in semiconductor physics, he
successfully managed the development of several technologies, like a 50nm fully depleted silicon-
insulator (SOI) MOSFET with TiN/HfO2 gate stack, and a 30nm gate length SOl MOSFET. He led the
effort to explore the potential of GeOI for MOSFET applications.

Dr. Orlowski is the lead inventor on most of the 109 patents issued, and has over 230 publications in
scientific journals and conference proceedings.

Expertise
= CMOS Devices (MOSFET, Floating Gate = Nonvolatile (NAND and NOR FLASH)
MOSFET, Bipolar, Diodes, Thin Film, SOI, memory (memory architecture,
FINFET devices) programming and erase operations,
= CMOS Process technology (oxidation, manufacturing issues), manufacturing
chemical and plasma etching, implantation, = Resistive Switching Memory Cells,
diffusion, photolithography, trench and Memristors
LOCQS isolation, crystal defects, stress = Semiconductor Memory: SRAM, DRAM,
relaxation) NVM (see below)
Education
Year  College or University Degree
1981 — Stanford University (Stanford Linear ~ Post-doctoral position (research associate) in
1982  Accelerator Center) theoretical physics
1980 — Tuebingen University, Germany Wissenschaftlicher Assistent — Assistent Professor
1981 (Physics)
1977 — Tuebingen University, Germany Ph.D., in theoretical nuclear physics; Ph.D. thesis
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1979

1971 —
1976

1976 —
1977
1970

Tuebingen University, Germany

Tuebingen University, Germany

Schule Schloss Salem, Lake

Marius K. Orlowski Ph.D.
Curriculum Vitae

entitled: “Resonances in Two- and Three-Cluster
Systems,” magna cum laude

Masters, in experimental superconductivity physics;
master thesis entitled: “Josephson Behavior in
Microbridges of Superconductors with Large Cross
Section”

B.S., Business Administration

Baccalaureate (Abitur 1970)

Constance, Germany

Professional Experience

From:
To:

Organization:

Title:

Summary:

From:
To:

Organization:

Summary:

2006 —2008
1998 — 2006
1995 — 1998

1989 — 1995

2008

Present

Virginia Polytechnic Institute and State University

Virginia Microelectronics Consortium Chair

Full Professor

Currently working on a restive RAM memory which is a leading candidate to replace
current FLASH technology based on floating gate MOSFET transistor.

1989
2008
Motorola/Freescale Research Labs (Austin Texas, Moscow Russia, Grenoble France)

Co-Director of Novel Device Development, Crolles Alliance, Grenoble, France
Department Manager for CMOS and NVM Development

Director of Motorola Research Labs in Moscow, Russia

*  Build up the lab from scratch

= Hired 40 scientists/engineers, business manager, two accountants, two [T
administrators, receptionist, and drivers

=  Hired over 50 contractors
* Administered a budget of $4.8M

= Dealt with contract, customs, import-export, office lease, office move issues
Motorola Research Laboratories Austin Texas, CMOS Engineering

= Section MGR TCAD Modeling and Simulation Group

Conducted research in semiconductor device physics at Motorola had a specific
emphasis on non-volatile memories and associated physical effects, such as band-to-
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From:
To:

Organization:

Summary:

1987 — 1989

1984 — 1987

From:
To:

Organization:

Title:
Summary:

From:
To:

Organization:

Title:
Summary:

From:
To:

Organization:

Title:
Summary:

Marius K. Orlowski Ph.D.
Curriculum Vitae

band tunneling. In 1990, was the first to simulate band-to-band tunneling in
MOSFETs, and correctly predicted new modes of tunneling. In addition, researched
the impact of band-to-band tunneling on non-volatile memories.

1984
1989
Siemens Research Labs, CMOS, DRAM and NVM Development (Munich, Germany)

Project Leader in Process Simulation and Modeling

= Represented Siemens at several European consortia (Fraunhofer)/company
(Philips) and university collaborations

TCAD Engineer

Conducted early research in the physics of metal-oxide-semiconductor field effect
transistors (MOSFETs), which today constitute the basic building blocks of all
mainstream integrated circuits. In 1987, published the first explanation of a
fundamental phenomenon known as the “reverse short channel effects,” which has
since become a standard feature of all advanced MOSFETs. In 1989, published an in-
depth analysis that correctly predicted degradation effects in MOSFETs.

1983

1984

DFVLR, (now DLR Deutsches Zentrum fiir Luft- und Raumfahrt, The German
Aerospace Center, Stuttgart-Vaihingen, Germany

Research Scientist

Research topic: flame propagation and detonations

1982

1983

Purdue University, Physics Department (West Lafayette Indiana USA)

Faculty Staff

Lectures in quantum mechanics, electrodynamics, quantum electrodynamics; research
topic: quarks in few nucleon systems

1981

1982

Stanford Linear Accelerator Center, Stanford University (Stanford CA USA)
Research Associate

Research topic: Few-Nucleon Systems
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From:

To:
Organization:
Title:
Summary:

From:

To:
Organization:
Title:
Summary:

1979
1981

Marius K. Orlowski Ph.D.
Curriculum Vitae

University of Tuebingen, Institute of Theoretical Physics (Tuebingen Germany)
Assistant Professor (Wisenschaftlicher Assistant)

Research topic: Nuclear Clusters, Few-Body Systems; teaching: seminars for graduate
physics student in quantum mechanics and in numerical methods in mathematical

physics

1972
1979

University of Tuebingen,Teaching Assistant, (Tuebingen Germany)

Teaching Assistant

= Taught seminars and exercises in advanced mathematics, applied physics,
theoretical physics

= Lectured in quantum mechanics and numerical methods in physics

Litigation Support Experience

Expert Engagement:

Type of Matter: Regarding FLASH memory products

Law Firm: McDermott Will & Emery

Case Name: Spansion v. Samsung

Services Provided: = Assessed patents and patent claim charts for device and process related

patents

Claim construction, written/reviewed interrogatories, and responded to
objections of the opposing party

Wrote rebuttal expert report regarding validity of patents in question

Wrote export report regarding infringement of a patent by products of the
counterparty

Wrote export report regarding term construction of claims

Worked on infringement issues for several patents

Prepared infringement claim charts

Reviewed test programs of products alleged to infringe a patent
Analyzed programming and erase operations of Samsung NVM products
Prepared questions for witness interrogation

Analyzed device issues related to MOSFET transistors, floating gate devices,
capacitors

Analyzed process related issues: layer deposition, filling of cavities, LOCOS
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Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Date:

Expert Engagement:

Type of Matter:
Law Firm:
Case Name:

Marius K. Orlowski Ph.D.
Curriculum Vitae

and BOX isolation techniques, ONO stacked films, stacked gate structures,
sacrificial layers, doping techniques, HDP oxide deposition, isotropic and
anisotropic etching techniques

Analyzed timing diagrams of several Samsung and Spansion NAND and
NOR products (core schematics, core timing

27 nm Bardeen, 32 nm Coral, 42 nm Cubic, 59 nm Jasper, 63 nm Agate
OneNAND, SL.C, NAND, MLC NAND, 73 nm Spinel, 90 nm SLC & MLC
One NAND & FLEX OneNAND

Analyzed memory testers (probe stations): Yokogawa Tester (MT6121)
operations, commands, diagnostics, redundancy operations; AL6050 tester,
leakage test, monitoring of DC levels; evaluated program languages:
Perl/Tk, Python, C/C++, TCL script language.

Analyzed laser repair algorithms, e-fuse data history.

Settled
2010-2011

Patent Litigation regarding FLASH memory and technology
King & Spalding
Spansion v. Samsung

Claim construction, written/reviewed interrogatories, and responded to
objections of the opposing party

Wrote rebuttal expert report regarding validity of patents in question
Wrote export report regarding term construction of claims

Worked on infringement issues for several patents

Prepared questions for witness interrogation

Analyzed device issues related to MOSFET transistors, floating gate devices,
capacitors

Analyzed process related issues: layer deposition, filling of cavities, LOCOS
and BOX isolation techniques, ONO stacked films, stacked gate structures,
sacrificial layers, doping techniques, HDP oxide deposition, isotropic and
anisotropic etching techniques

Circuit implementation: dummy lines, local lines
Gave deposition (7.5 hour)
Gave testimony at the trial (ITC court)

2009 -2010

Patent Litigation regarding Tungsten Plug Manufacturing and Technology
Fish & Richardson
Avago Technologies v. Maxim Integrated Products
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Services Provided:

Disposition:
Date:

Expert Engagement:
Type of Matter:
Law Firm:

Case Name:

Services Provided:

Disposition:
Date:

Expert Engagement:
Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:
Type of Matter:
Law Firm:

Case Name:
Services Provided:

Marius K. Orlowski Ph.D.
Curriculum Vitae

*  Worked on infringement issues for several patents
= Reviewed literature on tungsten “volcano” effect

= Reviewed and assessed several patents

Out-of-court settlement between the parties
2015 -2016

Patent Litigation regarding FinFET transistor

Glaser Weil, Los Angeles

Kaist IP US, LLC v. Samsung Electronics Co., Ltd., Samsung Electronics
America, Inc., Samsung Semiconductor, Inc., Samsung Austin Semiconductor,
LLC, GlobalFoundries, Inc., GlobalFoundries US, Inc., Qualcomm, Inc.

*  Worked on infringement issues of a FinFET patent

*  Analyzed Samsung process flow of a FInFET for infringement issues
ongoing
2016 -2018

Patent Litigation regarding Contact Formation
Oblon Washington, D.C.

Mediatek vs American Patents
= Worked on infringement issues of a Contact Barrier Layer Deposition
=  Written State of the Art 2003 of Contact Formation Technology

Settled August 2019
July-August 2019

Patent Litigation regarding FinFET transistor
Mintz, Boston

Globalfoundries vs TSMC

= Infringement issues and prior art for FInFET transistor
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Marius K. Orlowski Ph.D.
Curriculum Vitae

Prior art for Bit Cell with double patterned metal layer structures

Disposition: Settled October 2019

Date: July-October 2019

Expert Engagement:

Type of Matter: Patent Litigation

Law Firm: Mintz, Boston (Sean Casey, Jessica

Case Name: Investigation No. 337-TA-1336 (UNITED STATES INTERNATIONAL
TRADE COMMISSION)

Services Provided: =

Evaluated Intel source materials

Evaluated three dozens of patents related to contact resistance with
SiGe-enhanced contacts to MOSFET and FinFET transistors, Self-
aligned gate edges, gate-first vs gate-last approaches, gate-all-around,
poly gate vs metal gate

Worked on infringement contentions

Worked on claim charts

Disposition: Settled September 2023
Date: September 2022 - September 2023

Non-Litigation Consulting Projects

= Crolles Alliance (STmicroelectronics, NXP, Freescale) MGR for FDSOI 32 nm device development
= Advanced Modules Development MGR, Freescale, 2006 — 2008.
* Crolles2 Alliance Director of Modeling and Simulation Laboratory, 2006 — 2008.

*  Project Manager (MGR) for Freescale proprietary projects with LETI, MINATEC, and Grenoble
University, 2006 — 2008.

*  Project Manager for European and French Government sponsored projects: MEDEA+, PULLNANO,
SILONIS, FORMOST, NANO2008, 2006 — 2008.

= Staff MGR for Advanced Device Development Group and Unit Process Modeling and Simulation
Group, Freescale Research Labs, Austin, Texas, 2002 — 2006.
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Marius K. Orlowski Ph.D.
Curriculum Vitae

= Project leader on GeOI (Ge-FD-MOSFETSs, photodiodes, hetereoepitaxy for optical applications)
Freescale — SOITEC collaboration, 2005 — 2006.

* Program manager for Sarov Laboratory collaboration (Dr.V; Pavlovsky), Sarov, Russia, under the
auspices and funding of the US Department of Defense and Nuclear City Initiative (NCI), 2003 —
2004.

* Program and Project Manager for SOFT-TEC (at its height over 110 scientists/engineers), Russian
Academy of Science, Moscow Russia; administered a budget of max $2.7M, dealt with contract
work, intellectual property, export-import issues, purchase of computer gear, office space and
furniture, 2001 — 2005.

*  Program and Project MGR for KINTECH (at its height 40 scientists/engineers), Khurchatov Institute,
Moscow; administered a budget of $1.6M; dealt with contract work and intellectual property issues,
2001 — 2005

= Project MGR for several projects with SOFT-TEC (Russian Academy of Sciences), Moscow Russia,
1991 — 1995

= Staff MGR for Compact (SPICE) Simulation Group, Design Rules Manual Group, Software Platform
Development, and TCAD Modeling and Simulation Group, 1998 — 2002

= Consulted with SOITEC company on engineered wafer substrates and applications. Contact: Dr.
Carlos Mazure, CTO of SOITEC. SOITEC is world leader in providing SOI and other so called
engineered wafers

»  Consulted with Qimonda on memory cell architectures and process flows. Contact: Dr. Johann
Harter, vice-president of Qimonda. Qimonda was a leading company in DRAM, NAND and NOR
memory chips.

» Consulted with Qatar National Research Fund on semiconductor technology projects. Contact: Dr.
Abdul Sattar Al-Taie.

*  Program MGR for China Research Lab (Beijing, China); administered a budget of $1.2M;
collaboration with Beijing and Tsinghua universities, 1999 — 2001

Professional Affiliations, Achievements & Awards

Awards

= [EEE Life Fellow Status 2021
= Fulbright Fellowship for Eminent Chair Professors (Turin, Italy), 2014-2015

= Master Innovator Award Freescale (there were 15 Master Innovators at Freescale, a company of
24,000 employees), 2007

= Platinum Silver Quill (Publication) Award Motorola, 1999
=  Fellow of Technical Staff Motorola/Freescale, 1998
» Distinguished Innovator Award Motorola, 1998
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= |EEE Fellow Award, citation: for contributions to the modeling of MOSFET devices and technology
(IEEE - Institute of Electrical and Electronics Engineers), 1997

= Scheffel Award (Scheffelpreis of the State Baden-Wuertemberg, Federal Republic of Germany),
1970

Major Accomplishments

*  Over 230 publications in refereed scientific journals and conference proceedings
* 108 international patents including 80 US patents

»  First to explain the reverse short channel effects in MOSFETs (IEDM 1987); the reverse short
channel effect is a standard feature of all MOSFET generations since 1987

* In depth analysis of LDD degradation, predicted avalanche and device degradation on the source
side of the MOSFET (IEEE Transactions on Electron Devices 1989)

*  One of the pioneers of pair-diffusion theory or dopants in silicon, first formulation of a coupled pair-
diffusion equations for dopants and point defects, predicted uphill diffusion ( Appl. Phys: Letters
1989, Physics Letters A 1989, IEDM 1990, NUPAD 1990)

=  First to explain band-to-band current in MOSFETs and FLASH memory devices

* Proposed three-phase segregation model, all modern segregation models are based on a three- phase
approach (Appl. Phys. Letters 1989)

=  First to describe microscopically diffusion on grain boundary networks; predicted dopant
accumulation oat the vertices of the network (Electron Device Letters 1992, SIAM 1992, IEDM
1992)

= First to simulate band-to-band tunneling in MOSFETs and correctly predicted new modes of
tunneling (Electron Device Letters 1990, VLSI Symposium 1990)

= Explained anomalous boron clustering effect (IEDM 1997)

= First to show that zero-flux condition does not necessarily require zero gradient of concentration
distribution at the interface (phys. stat. sol. 2003, SISPAD 2003)

= Successful development of 50 nm Fully depleted SOl MOSFET with TiN/HfO2 gate stack;
development of 30 nm gate length SOl MOSFET (SOI Conference 2003, Electron Device Letters
2003, Nanotechnology IEEE Transactions 2003)

= Invented a mulichannel gate all around FinFET transistor with vastly superior performance over
current transistor approaches US7112832 B2 (2006) and US6921700 B2 (2005)

= Invented silicon monocrystalline nanowires transistor using conventional CMOS process steps
US20070029586 A1 (2007)

= Invented a method for uniform (across the wafer selective source/drain epitaxial growth
US20060286736 A1 (2006)

= Established first TCAD Modeling and Simulation group at Motorola 1989-1995
= Established first Equipment (Unit Process) Modeling and Simulation at Motorola (1992-1995)
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Managed successfully Motorola:Freescale program with SOFT-TEC, Russian Academy of Science
(105 engineers/scientists); and with KINTECH, Khurchatov Institute (25 engineers and scientists),
both in Moscow Russia; project with Sarov Laboratory, Sarov, Russia

Build up from ground up Motorola Research Laboratory (40 scientists) in Moscow, Russia (1995-
1998)

Established the first Design Manual Group on the technology development side (2000)

Explained the physics of the constant in multilevel switching of the resistive non-volatile cell (2013)

Teaching Experience

Gave three graduate student classes on fundamental semiconductor concepts and advanced
semiconductor devices and three undergraduate classes on electric theory, 2008 —2011.

Gave internal courses in device physics, semiconductor technology, process integration, and patenting
skills at Motorola/Freescale, 1989 — 2008.

Was lecturer in VLSI Process and Device Simulation, CEI Elsevier in Advanced Technology, Davos,
Switzerland, 1990.

Research Activities

2008 — Development of resistive RAM technology as a replacement for the current floating-gate
based FLASH memory; nanoscale devices including nanowire devices, nanomembranes for electronic
devices and photovoltaic applications; resistive switches for memory, logic and neural network
applications.

2006 — 2008 — Development of silicon nanocrystal thin-films for floating gates— in place of today's
polysilicon floating gates—to move embedded flash to advanced processing nodes including
switchover to nanocrystals from both the split-gate and single-transistor (1-T) FLASH architectures.

Development of fully depleted SOI transistors with advanced gate stack (HfZrO2 with TaC and WN
and MoN metals), with elevated source/drains, and compressive/tensile stressors). Development of
SON single-gate and double-gate transistors, and multichannel FinFET transistors based on sacrificial
epitaxial SiGe layers; development of MOSFETSs on GeOl in collaboration with SOITEC and LETI
development of self-aligned Cu barriers for back-end based on CoWPB.

Development of plasma etch recipies for high-k/metal gate stacks.

2005 — 2006 — One — person GeOl project in collaboration with SOITEC; material analysis, dopant
diffusion in SiGe and Ge, photodiodes on GeOl, hetereoepitaxy on GeOl substrates for optoelectronic
applications.

2002 — 2005 — Development of novel devices for FLASH memory.

Development of FinFET-like transistors, application of mechanical stressors for mobility
enhancement, MOSFETS on strained SOI wafers.

2001 — 2006 — Modeling and simulation of plasma-based etch and deposition processes.

1998 — 2001 — TCAD Simulation and Modeling, Compact (SPICE) Modeling and Simulation, Design
Rules Generation, Development of Platform Software (data bases, optimization engines).
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1995 — 1998 — Design tool development (channel router, layout cell compactification, time skew and
timing analysis, clock time optimization).

1989 — 1995 — TCAD process and device modeling and simulation (MOSFET, NVM FLASH
devices, DRAM cells, isolation, diffusion, annealing, silicidation).

1984 — 1989 — TCAD process and device simulation (MOSFET, DRAM), SPICE modeling of
MOSFETs

1983 — 1984 - Combustion processes, flame propagation, detonation conditions.

1979 — 1982 — Nuclear and particle physics (few-body systems, cluster interactions, nucleon and
quark degrees of freedom).

1976 — 1977 — Superconductivity, Josephson effects in weak links, installation of experimental setup
for cryogenic experiments

Patents & Publications

109 patents issued including 81 US patents; 8 patents to be issued; additional 4 patent disclosures at
Virginia Tech filed with US Patent Office, 12 defensive publications (not listed, available on request)

Distinguished Innovator Award 1998 Motorola

Master Innovator Award 2007 Freescale

Patents generated with Siemens, Motorola, Freescale, STMicroelectronics, NXP, Virginia Tech
Member of the Freescale Patent Committee

Chairman of the Intellectual Property Brainstorming Sessions

Member of Motorola/Freescale Patent Enforcement and Litigation Committee

Two Trade Secrets with Freescale

Lead inventor on the majority of the patents:

See also the profile Marius Orlowski at Google Scholar

Most recent: 16/168.678 Patent application, publication date: 2019/2/21 “Method to Manufacture Highly
Conductive Vias and PROM Memory Cells by Application of Electric Pulses”, inventors: M. Orlowski,
G. Ghosh, A. Verma
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Patent

9,792,985
9,116,432
8,633,515
8,552,501

8,377,793

8,314,448
8,293,608

8,264,060
8,202,798
8,158,484
8,071,459

7,986,006
7,968,394
7,939,412

7,932,189

7,928,502
7,927,956
7,872,311

7,811,891

7,781,840
7,772,584
7,723,805

7,700,438
7,683,443
EP 1751791
EP1728274

7,629,220
7,608,893
7,592,248
7,575,958
7,544,576

Date

10/17/2017
08/25/2015
01/21/2014
10/08/2013

02/19/2013

11/20/2012
10/23/2012

09/11/2012
06/19/2012
04/17/2012
12/06/2011

07/26/2011
06/28/2011
05/10/2011

04/26/2011

04/19/2011
04/19/2011
01/18/2011

10/12/2010

08/24/2010
08/10/2010
05/25/2010

04/20/2010
03/23/2010
0/2/03/2010
06/09/2010

12/08/2009
10/27/2009
09/22/2009
08/18/2009
06/09/2009

Marius K. Orlowski Ph.D.
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Description
Resistive volatile/non-volatile floating electrode logic/memory cell

Multiple exposure with image reversal in a single photoresist layer
Transistor with immersed contacts

Method of forming an inverted T shaped channel structure for an
inverted T channel field effect transistor device

Method for manufacturing a non-volatile memory, non- volatile memory
device, and an integrated circuit

Transistors with immersed contacts

Intermediate product for a multichannel FET and process for obtaining
an intermediate product

Method of sealing an air gap in a layer of a semiconductor structure and
semiconductor structure

Improvements for reducing electromigration effect in an integrated
circuit

Method of forming an inverted T shaped channel structure for an
inverted T channel field effect transistor device

Method of sealing an air gap in a layer of a semiconductor structure and
semiconductor structure

Single Transistor Memory Cell with Reduced Recombination Rates
Transistor with immersed contacts and methods of forming thereof
Process for forming an electronic device including a fin-type transistor
structure

Process of forming an electronic device including a layer of
discontinuous storage elements

Transistor devices with nano-crystal gate structures

Method for making a semiconductor structure using silicon germanium
Method and apparatus for mobility enhancement in a semiconductor
device

Method to control the gate sidewall profile by graded material
composition

Semiconductor device structure

Laterally grown nanotubes and method of formation

Electronic device including a fin-type transistor structure and a process
for forming the electronic device

MOS Devices with nano-crystal gate structure

MOS Device with Multi-Layer Gate Stack

Method for making a semiconductor structure using silicon germanium
Method for forming a semiconductor device having a notched control
electrode and structure thereof

Method for forming a semiconductor device and structure thereof
Multi-channel transistor structure and method of making thereof
Method of forming semiconductor device having nanotube structures
Programmable fuse with silicon germanium

Diffusion barrier for nickel silicides in a semiconductor fabrication
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7,535,060

7,517,741
7,510,956
7,456,055
7,442,621

7,442,590

7,435,639
7,402,476
7,371,677
7,364,970

7,354,831
7,354,814

7,339,241
7,312,129
7,291,521
7,288,448

7,279,433
7,271,069

7,256,077
7,238,580

7,238,555
7,235,847
7,226,833
7,221,006
EP1784854

7,217,667

W02007047165

7,205,202
7,202,117
7,195,963
EP1751791
7,166,897

7,163,903

05/19/2009

04/14/2009
03/31/2009
11/25/2008
10/28/2008

10/28/2008

10/14/2008
07/22/2008
05/13/2008
04/29/2008

04/08/2008
04/08/2008

03/04/2008
12/25/2007
11/06/2007

10/30/2007

10/09/2007
09/18/2007

08/14/2007
07/03/2007

07/03/2007
06/26/2007
06/05/2007
05/22/2007

05/16/2007

05/15/2007
04/26/2007
04/17/2007
04/10/2007
03/27/2007
02/14/2007
01/23/2007

01/16/2007

Marius K. Orlowski Ph.D.
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process

Charge storage structure formation in transistor with vertical channel
region

Single transistor memory cell with reduced recombination rates

MOS device with multi-layer gate stack

Process for forming an electronic device including semiconductor fins
Semiconductor process for forming stress absorbent shallow trench
isolation structures

Method for forming a semiconductor device having a fin and structure
thereof

Dual surface SOI by lateral epitaxial overgrowth

Method for forming an electronic device

Laterally grown nanotubes and method of formation

Method of making a multi-bit non-volatile memory (NVM) cell and
structure

Multi-channel transistor structure and method of making thereof
Semiconductor process with first transistor types oriented in a first plane
and second transistor types oriented in a second plane

FinFET structure with contacts

Method for producing two gates controlling the same channel
Self-correcting suppression of threshold voltage variation in fully
depleted transistors

Method and apparatus for mobility enhancement in a semiconductor
device

Deposition and patterning of boron nitride nanotube ILD
Semiconductor device having a plurality of different layers and method
therefor

Method for Removing a Semiconductor Layer

Semiconductor fabrication process employing stress inducing source
drain structures with graded impurity concentration

Single transistor memory cell with reduced programming voltages
Semiconductor device having a gate with a thin conductive layer
Semiconductor Device Structure and Method Thereof

GeOl Transistor with low junction current and low junction capacitance
and method for making the same

Method and Apparatus for Mobility Enhancement in a Semiconductor
Device

Processes for forming electronic devices including a semiconductor layer
Programmable Fuse with Silicon Germanium

Semiconductor device and method for regional stress control

Method of making a planar double- gated transistor

Method for making a semiconductor structure using germanium
Method for making a semiconductor structure using silicon germanium
Method and apparatus for performance enhancement in an asymmetrical
semiconductor device

Method for making a semiconductor structure using silicon germanium
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EP1728274
EP 1751791

WO02006115588
W02006023219

7,112,832
7,105,430

W02006083401
EP1668691
W02005104225

WO02005117101
7,045,432

W02006023183

7,037,795
7,029,980
W02006001915
W02006023219

WO02005076795
WO02005112094

6,964,911
WO02005034186
6,921,700
W02005034230

6,831,350

6,573,160
6,433,382
JP2000031139

5,985,736
5,741,736
5,705,415
EP730293
5,605,855
JP8306925
5,567,958

12/06/2006

03/14/2007

11/02/2006
03/02/2006

09/26/2006
09/12/2006

08/10/2006
06/14/2006
11/03/2005

12/08/2005
05/16/2006

03/02/2006
05/02/2006
04/18/2006
01/05/2006
03/02/2006
08/25/2005
11/24/2005
11/15/2005
04/14/2005
07/26/2005
04/14/2005
12/14/2004
06/03/2003
08/13/2002
01/28/2000
11/16/1999
04/21/1998
01/06/1998
02/25/1997

10/22/1996
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Method for forming a semiconductor device having a notched control
electrode and a structure thereof
Method for making a semiconductor structure using silicon germanium

Semiconductor device and method for regional stress control

Method and apparatus for mobility enhancement in a semiconductor
device

Transistor having multiple channels

Method for forming a semiconductor device having a notched control
electrode and structure thereof

Method for making a planar double-gated transistor

Method for forming a semiconductor device having isolation regions
Method for forming a semiconductor device having a notched control
electrode and structure thereof

Method for making a semiconductor structure using silicon germanium
Method for forming a semiconductor device with local
semiconductor-on- insulator (SOI)

Method and apparatus for performance enhancement in an asymmetrical
semiconductor device

Low RC product transistors in SOI semiconductor process

Method of manufacturing SOI template layer

Semiconductor Device with multiple semiconductor layers

Method and apparatus for mobility enhancement in a semiconductor
device

Method for forming a semiconductor device with local
semiconductor-on- insulator (SOI)

Method for making a semiconductor structure using silicon
germanium

Method for forming a semiconductor device having isolation regions
Method for forming a semiconductor device having isolation regions
Method of forming a transistor having multiple channels
Semiconductor structure with different lattice constant materials and
method for forming the same

Semiconductor structure with different lattice constant materials and
method for forming the same

Method of recrystallizing an amorphous region of a semiconductor
Split-gate vertically oriented EEPROM device and process

Method for arranging particle of specified species in solid and resulting
structure

Process for forming field isolation

Process for forming a transistor with a nonuniformly doped channel
Process for forming an electrically programmable read-only memory cell
Process for fabricating a graded-channel MOS device

Process for fabricating a graded-channel MOS device

Manufacture of semiconductor device

High-performance thin-film transistor and SRAM memory cell

YMTC EXHIBIT 1003
Page 196 of 217



JP8250715

EP730293

5,545,575 08/13/1996
5,539,216 07/23/1996
5,506,161 04/09/1996

extensions

5,432,118 07/11/1995
5,314,834 05/24/1994
5,235,203 08/10/1993
JP2114633 02/10/2004
EP359852

Pending Patents Published and to be issued

Patent
US2008/0182428

US2007/0218628A1

US2007/0218640A

US2007/0212832A1

US20070210338A1

US20070176247A1

US20070176227A1

US20070173024A1

US20070166902A1

US2007/0161170A1

US2007/0158764A1

US20070148894A1

Marius K. Orlowski Ph.D.
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Manufacture of semiconductor device

Process for fabricating a graded-channel MOS device

Method for manufacturing an insulated gate semiconductor device
Monolithic semiconductor body with convex structure

Method of manufacturing graded channels underneath the gate electrode

Process for forming field isolation
Field effect transistor having a gate dielectric with variable thickness
Insulated gate field effect transistor having vertically layered elevated

source/drain structure

Method of forming flat doped region

Process for manufacturing shallow doped regions having a low layer
resistivity in a silicon substrate

Inventors
Tushar Merchant
Marius Orlowski

Orlowski, Marius
Venkatesan, Suresh
Goktepelli, Sinan
Demkov, Alexander
Orlowski, Marius
Orlowski, Marius
Orlowski, Marius

Liu, Chun-Li
Orlowski, Marius
Stoker, Mathew
Liu, Chun-Li
Merchant, Tushar
Orlowski, Marius
Stoker, Marius
Goktepelli, Sinan
Hoefler, Alexander
Orlowski, Marius
Orlowski, Marius
Adetutu, Olubumni
Stout, Philip
Marius, Orlowski
James Burnett
Marius Orlowski
James Burnett
Marius Orlowski

Description
Electronic Device including a layer of discontinuous

storage elements and a process for forming the eletronic
device

Electronic device including a semiconductor fin and a
process for forming the electronic device
Semiconductor Device having a Gate with a thin
Conductive Layer

Method for Making a Multibit Transistor

Charge storage structure formation in transistor with
vertical channel region

MOS device with multi-layer gate stack

MOS device with nano-crystal gate structure

Method for producing two gates controlling the same
channel

Method to control the gate sidewall profile by graded
material composition

Transistor with immersed contacts and methods of
forming thereof

Electronic Device including a Fin-type Transistor
Structure and a Process for Forming the Electronic Device
Semiconductor Device and Method for Regional Stress
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WO02006/023219A2

WO02006/083401A3
US20070096226A1

US20070077706A1

US20070072334A1

US20070045735A1

US20070029586A1

US20070026593A1

US20070001222A1

US20070001162A1

US20060286736A1

US7135379B2

US20060240650A1

US20060240629A1

US20060240609A1

US20060237746A1

US20060194384A1

US20060183288A1

US20060172468A1
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Vance Adams
Orlowski, Marius
Venkatesan, Suresh

Marius Orlowski
Liu, Chun Li

Merchant, Tushar, P.
Orlowski, Marius, K.

Schaeffer, James, K.
Stoker, Matthew, W.
Orlowski, Marius K.
Goktepeli, Sinan

Orlowski, Marius, K.

Yu, Kathleen, C.

Orlowski, Marius, K.

Stephens, Tab, A
Marius Orlowski

Jawarani, Dharmesh
Liu, Chun Li
Orlowski, Marius
Orlowski, Marius
Burnett, James
Orlowski, Marius
Burnett, James
Orlowski, Marius
Goolsby, Brian
Orlowski, Marius K.
Burnett, James D.
Orlowski, Marius
Adams, Vance
Orlowski, Marius
Shiho, Yasuhito
Orlowski, Marius
Adams, Vance
Orlowski, Marius
Goktepeli, Sinan
Liu, Chun Li
Venkatesan, Suresh
Foisy, Mark
Mendicino, Michael
Orlowski, Marius
Orlowski, Marius
Vartanian, Victor
Orlowski, Marius

Control

Method and

Apparatus for Mobility Enhancement in a Semiconductor
Device

Method of Making A Planar Double- Gated Transistor
MOSFET dielectric including a diffusion barrier

Method of Making a Multibit Non-Volatile Memory
(NVM) Cell and Structure

Semiconductor fabrication process employing spacer
defined vias

FinFET structure with contacts

Multi-channel transistor structure and method of making
thereof

Diffusion barrier for nickel silicides in a semiconductor
fabrication process

Single transistor memory cell with reduced recombination
rates

Single transistor memory cell with reduced programming
voltages

Method for forming an electronic device

Isolation trench perimeter implant for threshold voltage
control

Semiconductor device having a plurality of different
layers and method therefor

Self-correcting suppression of threshold voltage variation
in fully depleted transistors

Semiconductor device and method for regional stress
control

GeSOl transistor with low junction current and low
junction capacitance and method for making the same

Semiconductor device with multiple semiconductor layers

Processes for forming electronic devices including a
semiconductor layer

Method of making a planar double-gated

transistor
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US20060166492A1

US20060110892A1

US20060094169A1

US20060084235A1

US20060068542A1

US20060063392A1

US20060060928A1

US20060046366A1

US20060043498A1

US20050275018A1

US20050260816A1
US20050260807A1

US20050245092A1
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Orlowski, Marius
Adams, Vance
Liu, Chun Li
Stoker, Matthew
Orlowski, Marius
Foisy, Mark
Adetutu, Olubunmi
White, Ted

Barr, Alexander
Nguyen, Bich Yen,
Orlowski, Marius
Sadaka, Mariam
Thean, Voon Yew
Barr, Alexander
Adetutu, Olubunmi
Nguyen, Bich Yen
Orlowski, Marius
Sadaka, Mariam,
Thean, Voon Yew
White, Ted
Orlowski, Marius
Burnett, James
Ventzek, Peter
Junker, Kurt
Orlowski, Marius
Goktepeli, Sinan
Demkov, Alexander
Orlowski, Marius
Orlowski, Marius
Venkatesan, Suresh
Orlowski, Marius
Adams, Vance
Liu, Chun Li
Winstead, Brian
Venkatesan, Suresh
Foisy, Mark
Mendicino, Michael
Orlowski, Marius
Orlowski, Marius
Orlowski, Marius
Liu, Chun Li
Yeap, Choh Fei
Orlowski, Marius
Barr, Alexander
Sadaka, Mariam
White, Ted

Semiconductor fabrication process employing stress
inducing source drain structures with graded impurity
concentration

Semiconductor process for forming stress absorbent
shallow trench isolation structures

Semiconductor device structure and method therefor

Low RC product transistors in SOI semiconductor
process

Isolation trench perimeter implant for threshold voltage
control
Deposition and patterning of boron nitride nanotube [ILD

Semiconductor device having a gate with a thin
conductive layer

Method and apparatus for mobility enhancement in a
semiconductor device

Method and apparatus for performance enhancement in an
asymmetrical semiconductor device

Semiconductor device with multiple semiconductor layers

Method for removing a semiconductor layer
Method for making a semiconductor structure using
silicon germanium

Method for making a semiconductor structure using
silicon germanium
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US20050215008A1

US20050170604A1

US20050167650A1

US20050070056A1

US20050064669A1

US20050023619A1

US20020048910
Al

US20010003381A1

Marius K. Orlowski Ph.D.
Curriculum Vitae

Orlowski, Marius
Burnett, James
Orlowski, Marius
Adetutu, Olubunmi
Barr, Alexander
Orlowski, Marius
Mathew, Leo

Liu, Chun Li
Orlowski Marius K.
Stoker Matthew W.
Tobin Philip, J.
Sadaka Mariam G.
Barr Alexander L.
Nguyen Bich Yen
Thean, Voon Yew
Thomas, Shawn, G.
White, Ted, R.
Orlowski, Marius K.
Barr, Alexander L.
Orlowski, Marius, K.
Mathew, Leo
Taylor, Jr., William J.
Orlowski, Marius
Gilmer, David, C.
Alluri, Prasad, V.

Hobbs, Christopher C.

Rendon, Michael, J.
Clejan, luval, R.
Orlowski, Marius
Adetutu, Olubunmi
Tobin, Philip
Nguyen, Bich-Yen
Tseng, Hsing Huang

Method for forming a semiconductor device having a
notched control electrode and structure thereof
Method for forming a semiconductor device with local
semiconductor-on-insulator (SOI)

Transistor having multiple channels

SOI template layer

Method for forming a semiconductor device having
isolation regions

Method of forming a transistor having multiple channels
and structure thereof

Method and apparatus for forming a semiconductor
device utilizing a low temperature process

Method to locate particles of a predetermined species
within a solid and resulting structures
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Publications

Over 230 publications in scientific journals and conference proceedings

Physics Letters, IEEE Electron Device Letters, Lettere al Nuovo Cimento, Physical Review, IEEE
transactions on Electron Devices, Journal of Applied Physics, phys. stat. sol (b), Microelectronic
Engineering, Nuclear Physics, Journal of Electrochemical Society, Solid State Electronics, Zeitschrift
fuer Physics, Helvetica Acta, Journal of Low temperature Physics, Journal de Physique, etc.) (a nearly
complete list of publications is attached, non-English language publications not listed)

First author on 84 publications

Invited/keynote talks at premier conferences: Electrochemical Society Conference (2006), Int; Rapid
Thermal Processing Conference (2005), Electrochemical Society Conference (2003), Nano Giga
Challenges in Microelectronics (2002), Int. Symp. On Integrated Ferroelectronics (2000),
International Electron Meeting (1994), Int. Conference on Simulation of Semiconductor Devices and
Processes (1991), Electronics Materials Conference (1990), International Electron Device Meeting
(1990), International Workshop on Process and Device Simulation (1989). Electrochemical Society
Conference (1994) semiconductor technology (International Electron Device Meeting,
Electrochemical Society Conference, SISPAD, NUPAD, NASECODE, ITEF, Electronic Materials
Conference and several international workshops)

Panelist at several conferences (IEDM, SOI Conference, SISPAD, SRC, and several international
workshops)

Co-Editor — Synposium Proceedings, “Silicon Front-End Junction Formation — Physics and
Technology”, Materials Research Society, vol. 810, 2004

Interview with Semiconductor International (L. Peters) “Double Gates Prompt Transistor
Revolutions” March Issue 2005

Published interviews with Japanese and Chinese trade publications

See also the profile Marius Orlowski at Google Scholar

L.

A. DiFilippo, A. Chakraborty, M. K. Orlowski, Towards Organic Electronics: Enhanced
PEDOT:PSS Electrode Conductivity” Book Chapter, Organic Electronics - From
Fundamentals to Applications, IntechOpen, Nov. 2024, DOI 10.5772/intechopen.1007691

A. Chakraborty, A. Di Filippo, S. Deivasigamani, C, Hong, A. Madwesh, M. Orlowski,
Methods to Enhance Electrical Conductivity of PEDOT:PSS-based Electrodes, J. Mat.
Sciences, JOMS, v. 12(2), 1, 2024,https://doi.org/10.21203/rs.3.rs-3911736/

A. Chakraborty , A. DiFilippo , S. Deivasigamani , C. Hong , A. Madwesh , M. Orlowski,
Exploring novel methods: Acid treatment, metal nanoparticle doping, and graphene insertion
for enhanced electrical conductivity of nm thin PEDOT:PSS films, Synthetic Metals 307
(2024) 117694
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A. Chakraborty, M.S. Al-Mamun, M.K. Orlowski, Thermal Reliability Issues in ReRAM
Memory Arrays, Book Chapter, IntechOpen, Memristors - The Fourth Fundamental
Circuit Element - Theory, Device, and Applications, Sept, 2023, DOI
10.5772/intechopen.1001963

M. Orlowski, An Empirical Criterion for Transitive Closure of a Searchability Matrix,
Science and Information Conference London, 236-243, 2023

M Al-Mamun, A Chakraborty, M Orlowski, Analysis of the Electrical ReRAM Device
Degradation Induced by Thermal Cross-Talk, Advanced Electronic Materials 9 (4),
2201081, 2023

A Chakraborty, M Al-Mamun, M Orlowski, Inertness and Other Properties of Thin
Ruthenium Electrodes in ReRAM Applications, Book Chapter, IntechOpen, 2023

A Chakraborty, D Herrera, P Fallen, D Hall, N Bampton, T Olivero, M. Orlowski,
Conductive organic electrodes for flexible electronic devices, 8. Scientific Reports 13
(1),4125,2023

1A. Chakraborty, M. Al-Mamun, M. Orlowski, Impact of surface roughness and material
properties of inert electrodes on the threshold voltages and their distributions of ReRAM
memory cells ECS Journal of Solid State Science and Technology 11 (10), 104007, 2022

H. An, M. Al-Mamun, M. Orlowski, L. Liu, Y. Y1i, “Three-Dimensional Neuromorphic
Computing System With Two-Layer and Low-Variation Memristive Synapses”, IEEE
Trans. Comp. Des. Int. Circuits and Systems, vol 41(3), pp. 400-409, 2022

M. Al-Mamun, M. Orlowski, “Electron tunneling between vibrating atoms in a copper
nano-filament” Scientific Reports 11 (1), 1-13, 2021

H. An, M.S. Al-Mamun, M.K. Orlowski, L. Liu, Y. Yi, “Three-dimensional Neuromorphic
Computing System with Two-layer and Low-variation Memristive Synapses”, IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems, 2021

M. Al-Mamun, M. Orlowski, “Electric conductivity of remotely heated Cu nanofilaments
in Cu/TaO,/Pt ReRAM cells”, Journal of Applied Physics 129 (5), 055107 (2021)

H. An, M.S. Al-Mamun, M.K. Orlowski, L. Liu, Y. Yi, “A Three-dimensional (3D)
Memristive Spiking Neural Network (M-SNN) System” 22nd Int'l Symposium on Quality
Electronic Design, IEEE Proceedings, p.337-343, 2021

S King, J Plombon, J Bielefeld, J Blackwell, S Vyas, R Chebiam, C Naylor, D Michalak,
M Kobrinsky, F Gstrein, M Metz, J Clarke, R Thapa, M Paquette, V Vemuri, N Strandwitz,
Y Fan, M Orlowski, “A Selectively Colorful yet Chilly Perspective on the Highs and Lows
of Dielectric Materials for CMOS Nanoelectronics”, 2020 IEEE International Electron
Devices Meeting (IEDM), 40.1. 1-40.1. 4 (2020)
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H. An, M.S. Al-Mamun, M.K. Orlowski, L. Liu, Y. Yi, “Robust Deep Reservoir
Computing through Reliable Memristor with Improved Heat Dissipation Capability”, [IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems, 2020

M. Al-Mamun, A. Chakraborty, Y Li, MK Orlowski, “Impact of Surface Roughness of the
Electrodes on the Resistive Switching in ReRam Devices”, ECS Transactions 97 (1), 133,
2020

M.S. Al-Mamun, M.K. Orlowski, “Performance Degradation of Nanofilament Switching
Due to Joule Heat Dissipation”, Electronics 9 (1), 127, 2020

M. Al Mamun, S. King, M. Orlowski, “Thermal and Chemical Integrity of Ru Electrode in
Cu/TaOx/Ru ReRAM Memory Cell”, ECS Journal of Solid State Science and Technology 8 (12),
N220-N233, 2019

M. Jenkins, D. Z Austin, J. F. Conley, J. Fan, C.H. de Groot, L. Jiang, Y. Fan, R. Ali, G. Ghosh, M.
Orlowski, “Beyond the Highs and Lows: A Perspective on the Future of Dielectrics Research for
Nanoelectronic Devices”, ECS Journal of Solid State Science and Technology 8 (11), N159-N185
(2019)

M. Al-Mamun, M. Orlowski, “Parasitic Cell-to-Cell Heat Transfer in Reram Arrays and Thermally
Induced Memory Cell Performance Degradation”, ECS Transactions, 27, 1234 (2019)

M. Orlowski, G. Ghosh, A. Verma, “Method to Manufacture Highly Conductive Vias and PROM
Memory Cells by Application of Electric Pulses”, US Patent Application publication 16/168,678
(2019)

M. Al-Mamun, M. Orlowski, “Performance Degradation Due to Nonlocal Heating Effects in
Resistive ReRAM Memory Arrays”, MRS Advances, vol. 4(48) Cambridge University Press:, pp.
2593-2600, 2019 DOI: 10.1557/adv.2019.265

T. D. Dongale G. U. Kamble, N. P. Shetake, S. D. Yadav, A, M. Teli, D. S. Patil », S. A. Pawar, M.
M. Karanjkar, P. S. Patil, J. C. Shin, M. K. Orlowski, International Nano Letters, Springer,
https://doi.org/10.1007/s40089-018-0249-z (2018)

H. An, M. Al-Mamun, M. Orlowski, Y Yi, “Learning Accuracy Analysis of Memristor-based
Nonlinear Computing Module on Long Short-term Memory”, Proceedings of the International
Conference on Neuromorphic Systems, p. 5 (2018)

M. Al-Mamun, SW King, MK Orlowski, “Impact of the Heat Conductivity of the Inert Electrode on
ReRAM Memory Cell Performance and Endurance, Meeting Abstracts, 1476-1476 (2018)

M. Al-Mamun, SW King, S Meda, MK Orlowski, Impact of the Heat Conductivity of the Inert
Electrode on ReRAM Performance and Endurance”, ECS Transactions 85 (8), 207-212 (2018)

R. Ali, Y. Fan, S. King , M. Orlowski, “Modeling and simulation of Cu diffusion and drift in
porous CMOS backend dielectrics”, APL Materials 6 , 066101, 2018

K. T. D. Dongale, A.A. Bagade, S.V. Mohite, A.D. Rananavare, M. K. Orlowski , “Bipolar
resistive switching with coexistence of mem-elements in the spray deposited CoFe204 thin
film”, Springer Journal of Materials Science: Materials in Electronics, 2017
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M. Al-Mamun, S. King, M. Orlowski, “Impact of Embedment of Cu/TaOx/Ru on Its Device
Performance”, ECS Transactions 80 (10), 911-921, 2017

M. Al-Mamun, M. Orlowski, “Challenges to Implement Resistive Memory Cells in the CMOS
BEOL”, ECS Transactions 80 (6), 13-23, 2017

R. Ali, S. King, M. Orlowski, “Modeling and Simulation of Cu Drift in Porous Low-k Dielectrics”,
ECS Transactions 80 (1), 327-337, 2017

Method to Manufacture Highly Conductive Vias and PROM Memory Cells by Application of
Electric Pulses, US Patent Application 15/365,445, 2017, M. Orlowski, G. Ghosh, A. Verma,”

R. Ali, Y. Fan, S. King, M. Orlowski, “Modeling and Simulation of Cu Diffusion in Porous Low-k
Dielectrics”, ECS Transactions 77 (5), 121-132, 2017

Y. Fan, M. Al-Mamun, B. Conlon, S. King, M. Orlowski, ECS Transactions 75 (32), 13-23, 2017
G. Ghosh, Y. Kang, S. W. King, and M. Orlowski, “Role of CMOS Back-End Metals as Active
Electrodes for Resistive Switching in ReRAM Cells”, ECS Journal of Solid State Science and
Technology, 6 (1) N1-N9, 2017

Y. Fan, M. Al-Mamun, B. Colon and S. King, and M. Orlowski “Resistive Switching Comparison
Between Cu/TaOx/Ru and Cu/TaOx/Pt Memory Cells”, ECS Transactions, MA2016-02 1442,
2017

B. Cambou, M. Orlowski, “PUF designed with Resistive RAM and Ternary States”, CISRC 2016
Conference, Oak Ridge National Laboratory, TN, USA, ACM. ISBN 978-1-4503-3752-6/16/04,
2016

Y. Fan, S. King, J. Bielefeld, M. Orlowski,” Characterization of Porous BEOL Dielectrics for
Resistive Switching”, ECS Transactions, 72 (2) 35-50 (2016)

Y. Fan, R. Alj, S. King, J. Bielefeld, M. Orlowski,” Decoupling of lon Diffusivity and
Electromobility in Porous Dielectrics”, ECS Transactions, 72 (2) 233-240 (2016)

Y Kang, H Ruan, RO Claus, ] Heremans, M Orlowski, “Observation of Quantized and Partial
Quantized Conductance in Polymer-Suspended Graphene Nanoplatelets”, Nanoscale Research
Letters 11 (1), 1-8, 2016

A. Verma, G. Ghosh, Y. Fan, J. Bielefeld, S. King, M. Orlowski, “Low-k/Cu Resistive 2-Level
PROM Memory Collocated with CMOS Backend-of-Line”, AVS Conference Proceedings, San
Jose, October 20, 2015;

G. Ghosh, Y. Kang, S. King, M. Orlowski, “Role of Active and Inert Electrodes in Filament
Formation in Resistive Switching Devices (RRAM)” AVS Conference Proceedings, San Jose,
October 20, 2015

G. Ghosh, P. Kassalen, R. Gupta, S. King, J. Bielefeld M. Orlowski, “Relation of low-k
Interconnect Si-based Dielectric Breakdown to resistive Switching Behavior”, AVS Conference
Proceedings, San Jose, October 20, 2015

Y. Kang, G. Ghosh, M. Orlowski, “Multilevel Resistive Switching with Oxygen Vacancy Filaments
in Pt/TaOx/Cu and Pt/TaOx/Pt devices” 228th ECS Meeting, Phoenix, AZ, October 14, 2015

G. Ghosh and M. Orlowski, “Set and Reset Voltage Interdependence in Resistive Switching
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Memory Cells”, 228th ECS Meeting, Phoenix, AZ, October 14 , 2015

Y. Kang, H. Ruan, J.J. Heremans, M. Orlowski, “ Non-volatile Memory Based on Polymer-
Suspended Graphene Nanoplatelets with Fractional and Integer Quantum Conductance and Zero
Magnetic Field”, ECS Transactions, 69(25), 1-9 (2015)

G. Ghosh, and M. Orlowski, “ Set and Reset Voltage Interdependence in Resistive Switching
Memory Cells”, ECS Transactions 69(3) 57-66 (2015)

G. Ghosh, M. Orlowski, “Write and Erase Threshold Voltage Interdependence in Resistive
Switching Memory Cells”, IEEE Trans. Electr. Dev. 62(9) (2015) p. 2850-6

G. Ghosh, M. Orlowski, “Correlation between set and reset voltages in resistive RAM cells”, Curr.
Appl. Phys. 15, (2015), 1124-1129

M. Orlowski, J. Secco, F. Corinto, “Chua's Constitutive Memristor Relations for Physical
Phenomena at Metal-Oxide Interfaces”, IEEE JOURNAL ON EMERGING AND SELECTED
TOPICS IN CIRCUITS AND SYSTEMS, 5(2) (2015) 143-151

J. Secco, F. Corinto, M. Orlowski, “Physics of the Rupturing Mechanism for HP Memristor in Flux
Mode”, AIP Conf. Proc., 1648, 280004 (2015)

M. Orlowski, T. Liu, M. Verma, Y. Kang “Volatile/Non-Volatile Floating Electrode Logic/Memory
Cell” 2014/0293678 US Patent Publication, pp.1-48 (2014)

T. Liu, T. Potnis, Y. Kang, S. El-Helw, M. Orlowski “Investigation of Thomson Effect in

Cu/TaOx/Pt Resistive Switching Memory,” paper accepted at Electrochemical Society, Fall
Meeting, October 26, 2013, San Francisco.

T. Liu, Y. Kang, T. Potnis, S. El-Helw, M. Orlowski, “Analysis of Multilevel Capability of a
Filamentary Resistive Memory Cell,” paper #48 at the Nonvolatile Memory Technology
Symposium, August 2013.

T. Liu, T. Potnis, Y. Kang, S. El-Helw, M. Orlowski “Investigation of Thomson Effect in
Cu/TaOx/Pt Resistive Switching Memory,” paper at Electrochemical Society, Fall Meeting,
October 26, 2013, San Francisco.

Y. Kang, T. Potnis, S. El-Helw, T. Liu, and M. Orlowski, “Comparison of Resistive Switching
between Tantalum Oxides Deposited by Atomic Layer Deposition and E-beam Physical Vapor
Evaporation,” paper accepted at Electrochemical Society, Spring Meeting, May, 2013, Toronto.

Y. Kang, T.Liu, and M. Orlowski, “Characterization of Hybrid Copper/Oxygen Vacancy
Nanofilaments,” paper accepted at Electrochemical Society, Spring Meeting, May, 2013, Toronto.

T. Liu, Y. Kang, S. El-Helw, T. Potnis, and M. Orlowski, “Physics of the Voltage Constant in
Multilevel Switching of Conductive Bridge Resistive Memory,” Japanese Journal of Applied
Physics 52 (2013) 084202.

Y. Kang, T. Liu, T. Potnis, and M. Orlowski, “Composite Cu/VO and VO/Cu Nanofilaments in
Cu/Ta205/Pt Devices,” ECS Solid State Letters, 2 (7) Q54-Q57 (2013).

Y. Kang, M. Verma, T. Liu, and M. Orlowski, “Pulse Operation of a Floating- Electrode
Memristive Device,” IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 60, NO. 4,
p.1476-9, 2013.

T. Liu, M. Verma, Y. Kang, and M. Orlowski, “I-V Characteristics of Antiparallel Resistive
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Switches Observed in a Single Cu/TaOx/Pt Cell,” IEEE ELECTRON DEVICE LETTERS, VOL.
34, NO. 1, 2013.

T. Liu, M. Verma, Y. Kang, and M. K. Orlowski, “Switching characteristics of antiparallel resistive
switches,” IEEE Electron Device Lett., vol. 33, no. 3, pp. 429—-431, Mar. 2012.

T. Liu, M. Verma, Y. Kang, and M. K. Orlowski, “Coexistence of bipolar and unipolar switching of
Cu and oxygen vacancy nanofilaments in Cu/TaOx/Pt resistive devices,” ECS Solid State Lett., vol.
1, no. 1, pp. Q11-Q13, Jul. 2012.

T. Liu, M. Verma, Y. Kang, and M. K. Orlowski, “Volatile resistive switching in Cu/TaOx/d-Cu/Pt
device,” Appl. Phys. Lett., vol. 101, no. 7, p. 073510, Aug. 2012.

Y. Kang, M. Verma, T. Liu, and M. K. Orlowski, “Formation and rupture of multiple conductive
filaments in a Cu/TaOx/Pt device,” ECS Solid State Lett. 1(5), Q48-Q50, 2012.

T. Liu, M. Verma, Y. Kang, and M. K. Orlowski, “Coexistence of bipolar and unipolar switching in
Cu/TaOx/Pt resistive devices for Cu and oxygen vacancy nanofilaments,” ECS Trans., vol. 45, no. 3,
pp. 279-285, 2012.

T. Liu, Y. Kang, M. Verma, and M. K. Orlowski, “Mechanical damage of Cu/TaOx/Pt resistive
devices induced by electric switching under high negative voltage stress,” ECS Trans., vol. 45, no. 3,
pp. 273277, 2012.

T. Liu, Y. Kang, M. Verma, and M. K. Orlowski, “Novel highly nonlinear memristive circuit
elements for neural networks,” in Proc. Int. Joint Conf. Neural Networks, 2012, Brisbane.

T. Liu, Y. Kang, M. Verma, and M. Orlowski, “Anti-parallel circuit of resistive Cu/TaOx/Pt
switches,” Mater. Res. Soc. Symp. Proc., vol. 1430, p. 979, 2012.

T. Liu, C. Ndoye, and M. Orlowski, “Diffusion and interface segregation of phosphorus and boron
in bulk germanium and germanium nanomembranes,” ECS Trans., vol. 33, no. 6, pp. 791-797,
2010.

Y. Kang, M. Verma, T. Liu, and M. Orlowski, “Firing of a pulse and its control using a novel
floating electrode bi-resistive device,” Mater. Res. Soc. Symp. Proc., vol. 1430, p. 935, 2012.

C. Ndoye, T. Liu, and M. Orlowski, “Comparison of diffusion mechanisms in Si bulk,
nanomembranes, and nanowires,” ECS Trans., vol. 33, no. 31, pp. 3—18, 2010.

M. Orlowski, C. Ndoye, T. Liu, and M. Hudait, “Si, SiGe, Ge, and III-V semiconductor
nanomembranes and nanowires enabled by SiGe epitaxy,” ECS Trans., vol. 33, no. 6, pp. 777-789,
2010.

C. Ndoye, T. Liu, K. Meehan, M. Orlowski, D. Gu, N. H. Tran, and H. Baumgart, “Si nanowire
MOSFET with gate-all-around electrode,” in Proc. Int. Semicond. Device Research Symp., 2009,
College Park.

Coumba Ndoye and Marius Orlowski, "Layout decomposition and mask synthesis for double and
triple exposure with image reversal in a single photoresist layer,” paper accepted SPIE Photomask
Technology Conference, Monterey, September 19-23, 2011.

Coumba Ndoye, Kandabara Tapily, Helmut Baumgart and Marius Orlowski, “Study of the
Silicidation of Niobium deposited by Physical Vapor Deposition,” Journal of Electrochemical
Society, 2011.
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Marius Orlowski, Coumba Ndoye and Tong Liu., “Si, SiGe, Ge, and II1I-V Semiconductor
Nanomembranes and Nanowires Enabled by SiGe Epitaxy,” (invited talk) ECS Trans. 33 (6), 777-
789 (2010).

Coumba Ndoye, Marius Orlowski, “Double and triple exposure with IR in a single photoresist
layer” SPIE Advanced lithography San Jose 2011, SPIE Proceddings paper [7970-52].

Coumba Ndoye, Tong Liu, Marius Orlowski, “Comparison of Diffusion Mechanisms in Si Bulk,
Nanomembranes, and Nanowires,” ECS Trans. 34 (3) 123-129 (2011).

Tong Liu, Coumba Ndoye, Marius Orlowski, “Diffusion and Interface Segregation of Phosphorus
and Boron in Bulk Germanium, Germanium Nanomembranes, and Nanowires,” ECS Trans. 33 (6),
791-797 (2010).

Coumba Ndoye, Tong Liu, Kathleen Meehan, Marius Orlowski “Si Nanowire MOSFET with Gate-
All-Around Electrode,” paper # 79 at ISDRS 2009, December 9-11, 2009, College Park, MD;
extended version to appear in April issue of Solid-State- Electronics 2010.

D. Aime, C. Fenouillet-Baranger, A. Wild, M. Orlowski, “6T Bit SRAM Cell Using Fully Depleted
SOI CMOS Technology with WxN metal gate and HfSiON High-k Dielectric,” Proceedings of
ESSDERC 2007 Conference, Munich 2007, Springer Verlag, p. 197, 2007.

M. Orlowski, “Can Three-Dimensional Devices Extend Moore’s Law Beyond the 32 nm
Technology Node?” keynote address, Proceedings of the Electrochemical Society, ECS
Transactions vol.” no. 6, p. 3 (20006).

R. Ramos, G. Cunge, O. Joubert, M. Orlowski, “Understanding the Impact of Chamber Wallsduring
Plasma Etching: a Key to Control Plasma Processes In ULSI,” AVS 53rd International Symposium,
PS2-NoM3, (2006).

M. Orlowski, keynote address, “CMOS challenges of keeping up with Moore's Law” Advanced
Thermal Processing of Semiconductors, 2005. RTP 2005. 13th IEEE International Conference on,
p- 19 (2005).

Y. Shiho, D. Burnett, and M. Orlowski, “Moderately doped channel multiple-finFET for logic
applications,” Electron Devices Meeting, 2005. IEDM Technical Digest. IEEE International, p. 976
(2005).

A. Thean, T. White, T.; Sadaka, M.; McCormick, L.; Ramon, M.; Mora, R.; Beckage, P.; Canonico,
M.; Wang, X.-D.; Zollner, S.; Murphy, S.; Van Der Pas, V.; Zavala, M.; Noble, R.;Zia, O.; Kang,
L.-G.; Kolagunta, V.; Cave, N.; Cheek, J.; Mendicino, M.; Nguyen, B.-Y.; Orlowski, M.;
Venkatesan, S.; Mogab, J.; Chang, C.H.; Chiu, Y.H.; Tuan, H.C.; See, Y.C.; Liang, M.S.; Sun,
Y.C.; Cayrefourcq, I.; Metral, F.; Kennard, M.; Mazure, C.; “Performance of super-critical strained-
Si directly on insulator (SC-SSOI) CMOS based on highperformance PD-SOI technology,” VLSI
Technology, 2005. Digest of Technical Papers. 2005 Symposium, p. 134 (2005).

B. Nguyen, A. Thean, D. Zhang, T. White, M. Sadaka, D. Triyoso, J. Schaeffer, B. Goolsby, T.
Nguyen, V. Dhandapani, V. Vartanian, L. McCormick, D. Theodore, S. Zollner, Q. Xie, X.
Wang,Z. Shi (Freescale Semiconductor), L. Mathew (Freescale), M. Zavala, C. Parker, H. Collard,
J.Hildreth, L. Prabhu, R. Rai, S. Murphy, P. Montgomery, S. Kalpat, M. Ramon, D. Gilmer,
B.Taylor, A. Demkov, V. Adams, J. Jiang, J. Chen (Freescale Semiconductor), C. Chang (TSMC),
V.Kaushik, L. Chandna, M. Sadd, A. Barr, A. Vandooren, D. Pham, M. Mendicino, J. Cheek,
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H.Tseng, B. White, P. Tobin, M. Orlowski, S. Venkatesan, V. Kolagunta, J. Mogab, M. Canonico
and M. Kottke, “New Materials, Processes and Device Structures for 65nm CMOS Technology
Node and Beyond,” Proceedings of 207th Electrochemical Society Meeting, CMOS: New
Materials, Processes, and Equipment, Quebec, Canada, p. 148 (2005).

Erika Duda, Shifeng Lu, Chun-Li Liu, Zhixiong Jiang, Joe Lerma, Alex Barr, Aaron Thean, Marius
Orlowski, Ted White, and Bich-Yen Nguyen, “Secondary ion mass spectrometry characterization
of source/drain junctions for strained silicon channel metal-oxide semiconductor field-effect
transistors,” J. Vac. Sci. Technol. B 22, 327 (2004).

P. Pichler, A. Claverie, R. Lindsay, M. Orlowski, W. Windl — editors, “Silicon Front- End Junction
Formation — Physics and Technology,” Symposium Proceedings, Materials Research Society, vol.
810 (2004).

Bich-Yen Nguyen; Thean, A.; White, T.; Vandooren, A.; Sadaka, M.; Mathew, L.; Barr, A.;
Thomas, S.; Zalava, M.; Da Zhang; Eades, D.; Zhong-Hai Shi; Schaeffer, J.; Triyoso, D.;
Samavedam, S.; Vartanian, V.; Stephen, T.; Goolsby, B.; Zollner, S.; Liu, R.; Noble, R.; Thien
Nguyen; Dhandapani, V.; Xie, B.; Xang-Dong Wang; Jiang, J.; Rai, R.; Sadd, M.; Ramon, M.;
Kalpat, S.; Prabhu, L.; Kaushik, V.; Du, Y.; Dao, T.; Mendicino, M.; Orlowski, Mogab, J.;
Venkatesan, “Integration challenges of new materials and device architectures for IC applications,”
Integrated Circuit Design and Technology, 2004. ICICDT '04. International Conference on, p. 237
(2004).

X-D Wang, C-I Liu, A. Thean, E. Duda, R. Liu, Q Xie, S. Lu, A. Barr, T. White, B-C Nguyen, and
M. Orlowski, “Two-dimensional ultrashallow junction characterization of metal-oxide-
semiconductor field effect transistors with strained silicon”, Journal of Vacuum Science &
Technology B: Microelectronics and Nanometer Structures Processing, Measurement, and
Phenomena 22, 373 (2004); https://doi.org/10.1116/1.1627793

M. Orlowski, “Microscopic Derivation of Zero-Flux Boundary Condition in One- Dimensional
Random Walk in Presence of a Totally Reflecting Barrier,” Microelectronic Engineering 69 p. 616-
624 (2003).

T. White, A. Barr, A. Thean, A. Vandooren, L. Mathew, M. Mendicino, G. Yeap, B- Y. Nguyen,
M. Orlowski, invited talk “Future Trends in SOI Devices,” Proceedings of Electrochemical Society
Conference, Paris, p. 319 (2003).

A; Vandooren, Thean, A.V.Y.; Du, Y.; To, I.; Hughes, J.; Stephens, T.; Huang, M.; Egley, S.;
Zavala, M.; Sphabmixay, K.; Barr, A.; White, T.; Samavedam, S.; Mathew, L.; Schaeffer, J.;
Triyoso, D.; Rossow, M.; Roan, D.; Pham, D.; Rai, R.; Nguyen, B.-Y.; White, B.; M. Orlowski,
J.Mogab, “Mixed-signal performance of sub-100nm fully- depleted SOI devices with metal gate,
high K (HfO2) dielectric and elevated source/drain extensions,” Electron Devices Meeting, 2003.
IEDM '03 Technical Digest. IEEE International, p. 11.5.1 (2003).

C.L. Liu, M. Orlowski, A. Thean, and T. White, “Theory and Simulation of Dopant Diffusion in
SiGe,” phys. stat. sol. (b) 239 no 1, p. 35-43 (2003).

M. Orlowski, “1-D Random Walk in Presence of a totally Reflecting Barrier,” phys. stat. sol.(b)
239 no 1, p. 158-167 (2003).
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99. M.Orlowski contribution on dopant diffusion and shallow junction to the International Technology
Roadmap for Semiconductors (2003).

100. L. Mathew, M. Sadd, White, B.E.; Vandooren, A.; Dakshina-Murthy, S.; Cobb, J.; Stephens, T.;
Mora, R.; Pham, D.; Conner, J.; White, T.; Shi, Z.; Thean, A.V.-Y.; Barr, A.; Zavala, M.; Schaeffer,
J.; Rendon, M.J.; Sing, D.; Orlowski, J. Mogab, “Finfet with isolated n+ and p+ gate regions
strapped with metal and polysilicon,” SOI Conference, 2003. IEEE International, p. 109. (2003).

101. A. Vandooren, S. Egley, M. Zavala, T.Stephens, L. Mathew, M. Rossow, A. Thean, A. Barr, T.
White, D. Pham, J. Conner, D. Triyoso, J. Schaeffer, Bich-Yen Nguyen; M. Orlowski, “50-nm fully
depleted SOI CMOS technology with HfO2 gate dielectric and TiN gate,” Nanotechnology IEEE
Transactions, vol.2, p. 324 (2003).

102. A. Vandooren, A. Barr, L. Mathew, T. White, S. Egley, D. Pham, M. Zavala, S. Samavedam, J.
Schaeffer, J.Conner, B-Y Nguyen, B. White, M. Orlowski, J. Mogab, J., “Fully-depleted SOI
devices with TaSiN gate, HfO2 gate dielectric, and elevated source/drain extensions” Electron
Device Letters IEEE, vol. 24, p. 342 (2003).

103. Vandooren, A.; Barr, A.; Mathew, L.; White, T.R.; Egley, S.; Pham, D.; Zavala, M.; Samavedam,
S.; Schaefter, J.; Conner, J.; Nguyen, B.-Y.; White, B.E., Orlowski, M.K.; Mogab, J. “Fully-
depleted SOI devices with TaSiN gate, HfO2 gate dielectric, and elevated source/drain extensions,”
Electron Device Letters, IEEE, vol. 24 (5), p.342 (2003).

104. M. Orlowski, “Zero-flux boundary condition in a two-probability-parameter random walk model,”
Simulation of Semiconductor Processes and Devices, 2003. SISPAD 2003. International
Conference, p. 113. (2003).

105. Thean, A.V.-Y.; Barr, A.L.; White, T.R.; Shi, Z.-H.; Nguyen, B.-Y.; Liu, C.-L.; Beardmore, K.;
Jiang, J.Z.-X.; Lerma, P.; Duda, E.; Sadaka, M.; Orlowski, M.; White, B.E., J. Mogab, “Computer
aided design of sub-100 nm strained-Si/Sil-xGex NMOSFET through integrated process and
device simulations,” Simulation of Semiconductor Processes and Devices, 2003. SISPAD 2003.
International Conference, p. 195. (2003).

106. Y. Shiho, B. Winstead, M. Foisy, M. Orlowski, “Optimization of sub-50 nm MOSFETs to mitigate
drive current degradation due to silicon recess in S/D,” Simulation of Semiconductor Processes and
Devices, 2003. SISPAD 2003. International Conference, p. 187. (2003).

107. A. Vandooren, Egley, S.; Zavala, M.; Franke, A.; Barr, A.; White, T.; Samavedam, S.; Mathew, L.;
Schaeffer, J.; Pham, D.; Conner, J.; Dakshina-Murthy, S.; Nguyen, B.-Y.; White, B.; Orlowski, M.;
Mogab, “Ultra-thin body fully-depleted SOI devices with metal gate (TaSiN) gate, high K (HfO2)
dielectric and elevated source/drain extensions,” SOI Conference, IEEE International 2002, p. 205
(2002).

108. A. Vandooren, D. Jovanovic, Egley, S.; Sadd, M.; Nguyen, B.-Y.; White, B.; M. Orlowski, J.
Mogab, “Scaling assessment of fully-depleted SOI technology at the 30 nm gate length generation,”
SOI Conference, IEEE International, p. 25 (2002).

109. H. Masuda, M. Orlowski, M.; Dutton, R.-W.; Fukuma, M.; Lee, S.-W.; Schoenmaker, W.;
Selberherr, S.; Wada, T., “What can computer aided engineering do for the soc era?,” Simulation of

Semiconductor Processes and Devices, 2002. SISPAD 2002. International Conference, p. 211
(2002).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

Peter L.G. Ventzek, Marius Orlowski, Shahid Rauf, Phillip Stout, and Da Zhang, “Plasma Process
Simulation for Semiconductor Manufacturing Applications” Symposium and Summer School on
Nano and Giga Challenges in Microelectronics Research and Opportunities in Russia, Moscow, p.
114, (2002).

Marius Orlowski, “Microscopic Derivation of Zero-Flux Boundary Condition in 1-D Random Walk
in Presence of a Reflecting Barrier,” Symposium and Summer School on Nano and Giga
Challenges in Microelectronics Research and Opportunities in Russia, Moscow, p. 229, (2002).

P. L. G. Ventzek, V. Kudrya, V. Astapenko, A. Eletskii, D. Zhang, P. J. Stout, S. Rauf, and M.
Orlowski, “Fundamental Atomic Plasma Chemistry for Semiconductor Manufacturing Process
Analysis,” AIP Conf. Proc. 635, 3 (2002).

M. Orlowski, invited talk, “New Materials between Promise and Challenge,” Conference
Proceedings 12th International Symposium on Integrated Ferroelectrics, Aachen Germany, p. 17
(2000).

M. Orlowski, “A New Clustering Model for Runaway Boron Pile-Up Effect,” International
Electron Device Meeting IEDM 1997, p. 505 (1997).

M. Orlowski, “Algebraic Microscopic Approach to Drift-Diffusion,” Microelectronics Journal, 26,
p- 243 (1995).

C. Subramanian, J. Hayden, W. Taylor, M. Orlowski, “Reverse short channel effect and channel
length dependence of boron penetration in PMOSFETs,” Electron Devices Meeting, 1995.,
International, p. 423 (1995).

M. Orlowski and W. Taylor, “New Spreading Resistance Effect for Sub-0.50 um MOSFETs,”
Proceedings of Simulation of Semiconductor Devices and Processes, Nuernberg, eds. H. Ryssel and
P. Pichler, Springer Verlag, p. 159 (1995).

K. Wimmer, M. Noell, W. Taylor, and M. Orlowski, “A Data-Model for a Technology and
Simulation Archive,” Proceedings of Simulation of Semiconductor Devices and Processes,
Nuernberg, eds. H. Ryssel and P. Pichler, Springer Verlag, p. 159 (1995).

A. Perera, W.J. Taylor, and M. Orlowski, “Influence of Back-End Thermal Processing on
Polysilicon-Monosilicon Contact Resistance,” Proceedings of Bipolar/BICMOS Circuit &
Technology Symposium, p. 242 (1994).

P. Tsui, H.H. Tseng, M. Orlowski, S-S Sun, W. Taylor “Suppression of MOSFET Reverse Short
Channel Effect by N20 Gate Poly Reoxidation Process,” International Electron Device Meeting
IEDM 1994, p. 501 (1994).

T.K Yu, J. Higmann, K.T. Chang and M. Orlowski, “An EEPROM Model for Low Power Circuit
Design,” International Electron Device Meeting IEDM 1994, p. 151 (1994).

T.K. Yu and M. Orlowski, “Combined asperity contact and fluid flow model for chemical-
mechanical-polishing,” International Workshop Numerical Modeling of Processes and Devices for
Integrated Circuits, 1994. NUPAD, p. 29 (1994).

M. Orlowski, “Non-Fickian microscopic diffusion at interfaces and in thin films,” International
Workshop Numerical Modeling of Processes and Devices for Integrated Circuits, 1994. NUPAD, p.
105 (1994).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

M. Orlowski, A.V. Kolpakov, and T.M. Makhviladze, “Comprehensive RTP Modeling and
Simulation Including Thermal Stress Analysis and Feature Size Optical Effects” International
Electron Device Meeting IEDM 1994, p. 541 (1994).

M. Orlowski, “Non-Fickian Microscopic Diffusion at Interfaces and in Thin Films,” International
Workshop on Numerical Modeling of Processes and Devices, NUPAD V, Honolulu, p. 105 (1994).

M. Orlowski, invited talk “Simulation of Difusion Processes in Silicon for ULSI Applications,”
Proceedings of the Electrochemical Society, vol. 94-10, p. 579- 592, (1994).

M. Orlowski, “Simulation of Diffusion Processes in Silicon for ULSI Applications,” invited talk,
Proceedings of the Electrochemical Society, San Francisco, p. 579 (1994).

A. Perera, W. Taylor, M. Orlowski, “Impact of arsenic deactivation in polycrystalline silicon and at
polysilicon-monosilicon interfaces on contact resistance,” International Electron Device Meeting
IEDM 1993, p. 835 (1993).

Y.T. Lin, R. Subrahmanyan and M.Orlowski, “Combined Simulation and Measurement Study of
Temperature Uniformity in Rapid Thermal Processing,” Proceedings of Rapid Thermal and
Integrated Processing, Materials Research Society, p. 231 (1993).

T.K. Yu, C. Yu, and M. Orlowski, “A statistical polishing pad model for chemicalmechanical
polishing,” Electron Devices Meeting, 1993. Technical Digest., International, p.865 (1993).

J.M. Higman, and M. Orlowski, “Monte Carlo simulation of deep-submicron SOI and conventional
nMOSFET hot-electron-induced degradation,” Reliability Physics Symposium, 1993. 31st Annual
Proceedings., p. 48 (1993).

M. Orlowski, C. Mazure, and C. Gunderson, “Reliability of 35 um Devices: Impact of Ultra
Shallow LDD-Source/Drains,” Proceedings of ESSDERC’93, p. 809 (1993).

M. Orlowski, S-W. Sun, D. Burnett, “Temperature Cross-Over Effect of Carrier Avalanche Induced
by Band-to-Band Tunneling in ULSI Devices,” Proceedings of ESSDERC’93, p. 385 (1993).

M. Orlowski, “Rigorous Microscopic Drift-Diffusion and its Application to Nanostructures,”
Simulation of Semiconductor Devices and Processes, Springer Verlag Wien-New York, p.93
(1993).

M. Orlowski, “New rigorous description of diffusion and reactions on arbitrary (grain boundary)
networks by a 4th rank tensor theory,” Electron Devices Meeting, 1992. Technical Digest.,
International, p. 161 (1992).

M. Orlowski, H-H. Tseng; R. Hance, and P.J. Tobin, “Fractal Network Diffusion of Fluorine and
Boron in Polysilicon Gates,” Numerical Modeling of Processes and Devices for Integrated Circuits,
1992. NUPAD IV. Workshop, p. 35 (1992).

M. Orlowski, “Diffusion on Networks,” Proceedings of SIAM 40" anniversary Meeting, Los
Angeles, p. A30, (1992).

M. Orlowski, “Microelectronics Devices” — a book review, IEEE Circuits and Devices, p. 42
(1992).

M. Orlowski, R. Subrahmanyan, and G. Huffman, “The effect of low-thermal-budget anneals and
furnace ramps on the electrical activation of arsenic,” J. Appl. Phys. 71, 164 (1992).

R. Subrahmanyan, M. Orlowski, A.R. Sitaram, “Confirmation of a Vacancy Role in the Electrical

YMTC EXHIBIT 1003
Page 211 of 217



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Marius K. Orlowski Ph.D.
Curriculum Vitae

Activation and Deactivation of Arsenic Using a Point-Defect Injection Experiment,”
Electrochemical Society, Process Physics in Semiconductor Technology, vol. 93-6, p. 120-129
(1993).

H-H. Tseng, M. Orlowski, P. Tobin, R. Hance, “Fluorine diffusion on a polysilicon grain boundary
network in relation to boron penetration from P+ gates,” Electron Device Letters, IEEE, vol. 13, p.
14 (1992).

M.Orlowski and R. Subrathmanyan, “Investigation of SOI-like I-V characteristics for a 64-Mb
DRAM SCC MOSFET with a buried drain,” IEEE Transactions on Electron Devices, vol. 39, p.
1652-60 (1992).

P. Pichler and M. Orlowski, “Thermally activated dopant diffusion in crystalline silicon at 200
°C?,” Appl. Phys. Lett. 60, 1205 (1992).

C. Mazure, R. Subrahmanyan, C. Gunderson, M. Orlowski, “Design considerations for sub- 0.35
um buried channel P-MOSFET devices,” VLSI Technology, 1992. Digest of Technical Papers.
1992 Symposium on, p. 92 (1992).

W. Haensch, C. Mazure, A. Lill, and M. Orlowski, “Hot Carrier Hardness Analysis of
Submicrometer LDD devices,” IEEE Transactions on Electron Devices, vol. 38, p. 512 (1991).

G. Heiser, M. Noell, S. Poon, and M. Orlowski, “3D simulation of parasitic MOSFET effects for
box isolation technologies,” Electron Devices, IEEE Transactions, vol.38, p. 2721 (1991).

T.K. Yu, S-K. Park, J.Fitch, and M. Orlowski, “Combined reactor, wafer, and feature scale
simulation of selective silicon epitaxial growth,” Electron Devices Meeting, 1991. Technical Digest
International, p. 879, (1991).

Tat-Kwan Yu and Marius Orlowski, “Modeling of Surface Diffusion an FilmGrowth,” Washington
Materials Forum, p. 121 (1991).

M.Orlowski and R. Subrahmanian, “The Effect of Low Thermal Budget Anneals and Furnace
Ramps on the Electrical Activation of Arsenic,” Journal of Electrochemical Society, p. (1991).

G. Heiser, M. Noell, and M.Orlowski, “3-D Simulation of Parasitic Mosfet Effects for Box
Isolation Technologies,” Device Research Conference, 1991. 49th Annual, p. 324, (1991).

M. Orlowski, C. Mazure, and M.Noell, “A Novel Elevated MOSFET Source/Drain Structure,”
IEEE Electron device Letters, vol. 12, p. 593 (1991).

M: Orlowski, “Experimental Evidence and Interpretation of Dopant-Point Defect Pair Diffusion,”
Applied Physics Letters, vol. 58, p. 1479 (1991).

M. Orlowski, invited talk, “Challenges for Process Modeling and Simulation,” plenary, Proceedings
of the 4th International Conference on Simulation of Semiconductor Devices and Processes, Zurich,
Switzerland, p.3-23 (1991).

M. Noell, G. Heiser, S. Poon, and M. Orlowski, “Study of 3-D Effects in Box Isolation
Technologies,” Proceedings of the 4th International Conference on Simulation of Semiconductor
Devices and Processes, Zurich, Switzerland, p. 129 (1991).

M. Orlowski, C. Mazure, and M.Noell, “A Novel Elevated MOSFET Source/Drain Structure,”
Proceedings of the European Solid State Device Research Conference, Montreux Switzerland,
Elsevier, p. 433, (1991).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

156. M. Orlowski, Mechanisms of Extrinsic Dopant Diffusion in Silicon,” invited talk, Proceedings of
1990 Electronic Materials Conference, Santa Barbara, p. 37 (1990).

157. S.W. Sun, M. Orlowski and Kuan-Yu Fu, “Parameter Correlation and Modeling of the Power Law
Relationship in MOSFET Hot-Carrier Degradation,” IEEE Electron Device Letters, vol. 11, p. 297
(1990).

158. M. Orlowski, S.W. Sun, P. Blakey and R: Subrahmanyan, “Two-Dimensional Simulation of Band-
to-Band Tunneling in an LDD-MOSFET,” Symposium on VLSI Technology Digest, p. 67,
Honolulu (1990).

159. M. Orlowski, S.W. Sun, P. Blakey and R. Subrahmanyan, “Combined Effects of Band-to- Band
Tunneling and Impact Ionization in the Off Regime of an LDD MOSFET,” IEEE Electron Device
Letters, vol. 11, p. 593 (1990).

160. M.Orlowski, “Impurity and Point Defect redistribution in the Presence of Crystal Defects,” invited
talk, International Electron Device Meeting IEDM 1990, p. 749 (1990).

161. R. Subrahmanyan and M. Orlowski, “Simulation and Experimental Study of the Dynamics of
Arsenic Clustering and Precipitation Including Ramp-up and Ramp-down Conditions,”
International Electron Device Meeting IEDM 1990, p. 729 (1990).

162. M. Orlowski, “Impurity and Point-Defect Redistribution in the Presence of Crystal Defects” invited
talk, Electronic Materials Conference, Santa Barbara, p.37 (1990).

163. L. Mader, M. Orlowski, and I. Weitzel, “Novel Submicron Processes for Shallow p+ n Junctions,”
Proceedings of the European Solid State Device Research Conference, Springer Verlag, Berlin, p.
315, (1990).

164. R. Subrahmanyan, M. Orlowski, and H. Kirsch, “Simulation of SOI-like Kink Effects in a
horseshoe-drain MOSFET for 16M and 64M DRAM Applications,” Proceedings of 20th European
Solid State Device research Conference, Adam Hilger Publishers, New York, p. 315 (1990).

165. M. Orlowski, “A Rigorous Model for Dopant-Dopant Pair Diffusion in Silicon,” Proceedings of the
NUPAD III Conference Hawaii, p. 7 (1990).

166. M. Orlowski, J. Plummer, D. Scharfetter, K. Varahmanyan, “Priorities for Process Simulation,” in
Circuit Simulation and Process Simulation Workshop, Research Triangle, (1990).

167. M. Orlowski, C. Werner and J. Klink, “Model for the Electric Fields in LDD MOSFETS — Part I:
Field Peaks on the Source Side,” IEEE Transactions on Electron Devices, vol. 36, p. 375 (1989).

168. M. Orlowski, C. Werner, “Model for the Electric Fields in LDD MOSFETSs — Part II: Field
Distributions on the Drain Side,” IEEE Transactions on Electron Devices, vol. 36, p. 382 (1989).

169. M. Orlowski, “New Three-Phase Model for Segregation and Outdiffusion Phenomena” invited talk,
Proceedings of the International Workshop on Process and Device Simulation, Osaka, p.1 (1989).

170. F. Lau, L. Mader, C. Mazure, Ch. Werner and M. Orlowski, “A Model for Phosphorus Segregation
at the Silicon-Silicon Dioxide Interface,” Applied Physics A, vol. 49, p. 671-675 (1989).

171. M. Orlowski, “New Model for Dopant redistribution at Interfaces,” Applied Physics Letters, vol.
55, p. 1762 (1989).

172. M. Orlowski, “A Model for the Dynamics between Paired and Paired Diffusion for a Binary
System,” Physics Letters A, vol. 115 (1989).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

173. C. Mazure and M. Orlowski, “Guidelines for Reverse Short nChannel Behavior,” IEEE Electron
Device Letters, vol. 10, p. 556 (1989).

174. W. Haensch, T. Vogelsang, R. Kircher, and M. Orlowski, “Carrier Transport near the Si/Si02
Interface of a MOSFET,” Solid State Electronics, vol. 32, p. 839 (1989).

175. M. Orlowski, “A Novel Concise Algorithm for the Evaluation of Multiphase Diffusion Including
Dopant Redistribution at Interfaces,” Proceedings of the 6™ International NASACODE Conference,
ed: J/J/Miller, Boole Press Ltd, Dublin, p. 526 (1989).

176. M. Orlowski, C. Mazure, A. Lill, H.M. Muehlhoff, W. Haensch, A. v. Schwerin, and F. Neppl,
“Advanced Simulation for Reliability Optimization of Submicron LDD MOSFTEs,” Proceedings of
ESSDERC’89 Conference, Berlin, Springer Verlag, p. 41 (1989).

177. L. Mader, M. Orlowski, and I. Weitzel, “Novel Submicron Processes for Shallow p+n Junctions,”
Proceedings of ESSDERC’89 Conference, Berlin, Springer Verlag, p. 711 (1989).

178. M. Orlowski, “Progress in Process Simulation for Submicron MOSFETs, in SIMULATION OF
SEMICONDUCTOR DEVICES AND PROCESSES, vol.3, eds. G. Baccarani and M. Rudan, p.
393-404 (1988).

179. M. Orlowski, “Advanced Diffusion Models for Submicron Technologies,” International Electron
Device Meeting IEDM 1988, p. 632 (1988).

180. J. Winnerl, A. Lill, D. Schmitt-Landsiedel, M. Orlowski, F. Neppl, ”Influence of transistor
degradation on CMOS performance and impact on life time criterion,” International Electron
Device Meeting IEDM 1988, p. 204 (1988).

181. M. Orlowski, C. Mazure, and L. Mader, “Simulation of Source/Drain Structures for Submicron
MOSFETs with and without Preamorphization,” Journal de Physique C4, suppl. 9, tome 9, p. 557
(1988).

182. W. Haensch, M. Orlowski and W. Weber, “The Hot Electron problem in Submicron MOSFET,”
Journal de Physique, C4 5.9 t.9, p. 597 (1988).

183. M. Orlowski and C. Werner, “A Novel Realistic Model for Threshold Voltage of Short Channel
MOSFETs,” in SOLID STATE DEVICES, eds. G. Soncini and P. Calzolari, Elsevier Science
Publishers, North-Holland, p.547-550 (1987).

184. C. Mazure and M. Orlowski, ““ Oxidation-induced Local Channel Dopant Accumulation” , ,”
Proceedings of the European Solid State Device Research Conference, Bologna, North- Holland,
Amsterdam p. 477, (1988).

185. M. Orlowski and V. Pless, “Analysis of Rapid Dry Oxidation of Silicon,” Applied Physics A, vol.
46, p. 67 ‘1988).

186. M. Orlowski, “Unified Model for Impurity Diffusion in Silicon,” Applied Physics Letters, vol. 53,
p- 1323 (1988).

187. M. Orlowski, C. Mazure, and L. Mader, “Simulation of source/drain structures for submicron
MOSFETs with and without Pre-amorphization,” Journal de Physique, tome 49 C4, p. 557 (1988).

188. W. Roesner, W. Haensch, B. Moore, M. Orlowski, and Ch. Werner, “Determination of Lateral
drain Profiles from Gate-Drain Overlap Capacitance,” Symposium on 1988 VLSI Technology
Symposium, p. 9 (1988).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

M. Orlowski, C. Mazure and F. Lau, “Submicron Short Channel Effects Due to Gate Reoxidation
Induced Lateral Interstitial Diffusion,” IEDM’87 Technical Digest, p. 632 (1987).

M. Orlowski, C. Werner, W. Weber, H.M. Muehlhoff, and P. Murkin, “Unified Model for Electric
Fields in LDD Type MOSFETs,” Symposium on 1987 VLSI technology, Technical Digest,
Karuizawa, Japan, p. 51 (1987).

H.M. Muehlhoff, P. Murkin, K.H. Kuesters, M. Orlowski, “Submicron P-MOSFET under Static
and Swap Stress,” Symposium on 1987 VLSI technology, Technical Digest, Karuizawa, Japan, p.
57 (1987).

H.M. Muehlhoff, P. Murkin, K.H. Kuesters, M. Orlowski and W. Mueller, “Analysis and
Optimization of Submicron MOSFETs with Gate Bird’s Beaks,” Proceedings of the 1st ULSI
Science and Technology Symposium p. 632 (1987).

M. Orlowski and Ch. Werner,” Two-Dimensional Potential Band Model for Field Reduction in
Lightly Doped Drain MOSFETS,” Proceedings of the ESSDERC’86 Conference, Cambridge,
England, p. 84 (1986).

A. Lill and M. Orlowski, “Process Related CMOS-FET degradation Due to Hot Carrier Injection,”
Proceedings of the ESSDERC’85 Conference, Aachen, p. 106 (1985).

M. Orlowski and Y.E. Kim, Erratum: “On-shell Equivalent Transformations of Eliminating Energy
Dependence from Coupled Channel Equations with Non-local Energy Dependent Potentials,”
Physical Review C, vol: 34, p. 1571 (1986).

M.Orlowski, “Elimination of the linear energy dependence of nonlocal optical potentials,” Physical
Review C, vol. 33, p. 1107 (1986).

M.Orlowski, “Elimination of the linear energy dependence of nonlocal optical potentials I,”
Physical Review C, vol. 32, p. 1099 (1985).

M.Orlowski, “Separation of Two-Body On-shell and Off-shell Dynamics in Few- Body Systems,”
Physics Letters, vol. 163B, p. 290 (1985).

M.Orlowski, “New Nucleon-Nucleon Potential Model,” Lettere al Nuovo Cimento, vol. 42, p. 341
(1985).

Y.E. Kim and M. Orlowski, “Multiquark Compound and Anomalous Mean Free Path from
Relativistic Heavy lon Collisions,” Lettere al Nuovo Cimento, vol. 44, p. 17 (1985).

M. Orlowski and Y.E. Kim, “Charge Independence Breaking and the Triton Binding Energy,”
Physical Review C, vol. 32, p. 1376 (1985).

M.Orlowski, “Sensitivity of the Triton Binding Energy to the D-state Probability in the Deuteron,”
Physical Review C, vol. 32, p. 660 (1985).

Y.E. Kim and M. Orlowski, “Anomalous and Multiquark Compound Resonances,” Proceedings of
the 7th High Energy lon Studies, Gesellschaft fuer Schwerionenforschung Darmstadt, p. 671
(1985).

M. Orlowski, “Nucleon-Nucleon On-Shell Contributions to the Triton Binding Energy in an
Energy-Dependent Potential Model Formulation,” Nuclear Physics A, vol. 29, p. 493-510 “1985).

M.Orlowski, “Pauli-Corrected Breit-Wigner Formulae for Compound Resonances in Two- and
Three-Cluster Systems,” Il Nuovo Cimento, vol. 80A, p. 89-110, (1984).
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Marius K. Orlowski Ph.D.
Curriculum Vitae

M.Orlowski, Y.E. Kim and R. Kircher “On the Sensitivity of the Trinucleon Binding Energy to the
Repulsive Core of the Nucleon-Nucleon Interaction,” Physics Letters, vol. 144B, p. 309 (1984).

H.P. Noyes and M.Orlowski, “Six Quark Compound State in Deuteron,” Il Nuovo Cimento, vol.
81, p. 617 (1984).

Y .E. Kim and M. Orlowski, “Six Quark Compound State in Deuteron,” Physical Review C, vol. 29,
p. 2299 (1984).

Y.E. Kim and M. Orlowski, “Nuclear Chromodynamics and the Six-Quark Compound Bag
Component of the Deuteron,” Physics Letters, vol. 140B, p. 275 (1984).

Y.E. Kim and M. Orlowski, “A Unified Dynamical Theory of Quark Degrees of Freedom in
Nuclei,” Proceedings of the 10th International Conference on FEW BODY PROBLEMS IN
PHYSICS, Elsevier Science Publishers, North-Holland, p. 605 (1984).

Y.E. Kim and M. Orlowski, “A Resonating Group Quark-Cluster Model for Two- Nucleon
System,” Proceedings of the Proceedings of AIP Conference on HADRON SUBSTRUCTURE IN
NUCLEOR PHYSICS, editor H.C. Wolfe, American Institute of Physics, p. 271 (1984).

Y.E. Kim and M. Orlowski, “Resonating Group Method of Nuclei,” Proceedings of the 4th
International Conference on CLUSTERING ASPECTS OF NUCLEAR STRUCTURE AND
NUCLEAR REACTIONS, University Press, p. 265 (1984).

Y.E. Kim and M. Orlowski, “Multi-Quark Compound Resonances in Nuclei at the CEBAB
Energies,” Proceedings of the 14th Workshop of the Continuous Electron Beam Accelerator
Facility Stanford, p. 511 (1984).

Y.E. Kim and M. Orlowski, “Are Anomalons Dead?,” Proceedings of the 10th International
Conference on Particles and Nuclei,” Heidelberg, Germany, paper J17 (1984).

Y.E. Kim and M. Orlowski, “Off-Shell Ambiguity of the P-Matrix Analysis of Nucleon-Nucleon
Scattering S Matrix,” Proceedings of the 10th International Conference on Particles and Nuclei,”
Heidelberg, Germany, paper C20 (1984).

M. Orlowski and Y.E. Kim, “Energy-Dependent Oft-Shell and Phase Equivalent Potentials and the
Tri-Nucleon Properties,” Proceedings of the 10th International Conference on FEW BODY
PROBLEMS IN PHYSICS, Elsevier Science Publishers, North-Holland, p. 487 (1984).

Y.E. Kim and M. Orlowski, “Nuclear Chromodynamics and Anomalons,” Proceedings of the 6th
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