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I, E. Fred Schubert, Ph.D., hereby declare: 

I. INTRODUCTION 

1. I make this declaration in support of certain proposed claim constructions of 

Defendant and Counterclaim Plaintiff Micron Technology, Inc.’s, and Defendant Micron 

Consumer Products Group LLC’s (collectively “Micron”) based on my personal knowledge, my 

experience, and my investigation into this case, including my review of the materials cited 

herein.  If called upon as a witness, I could competently testify to the truth of each statement herein. 

2. I have been retained by counsel for Micron in the above-captioned action to provide 

opinions regarding the construction of certain terms in the asserted claims of U.S. Patent Nos. 

11,501,822 (“the ’822 patent”), 10,872,903 (“the ’903 patent”), and 11,568,941 (“the ’941 patent”). 

3. My opinions provided herein are based on my years of education, research, and 

experience, as well as my investigation and study of relevant materials and materials that I was 

asked to consider (identified below).  Further, I may also consider additional documents and 

information in forming further opinions, including documents that may not yet have been provided 

to me. 

4. My analysis of the materials produced in this matter is ongoing, and I will continue 

to review any new material as it is provided. This declaration represents only those opinions that I 

have formed to date.  I reserve the right to revise, supplement, or amend my opinions below based 

on new information and on my continuing analysis of the materials already provided. 

II. COMPENSATION 

5. I am being compensated for my services in this matter at my rate of $525.00 per 

hour.  I am also being reimbursed for reasonable out-of-pocket expenses incurred as a result of my 

work in this matter.  My compensation is not contingent upon the opinions I render or the outcome 

of this litigation. 
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III. SUMMARY OF QUALIFICATIONS 

6. I have summarized in this section my educational background, career history, 

publications, and other relevant qualifications.  My Curriculum Vitae, which includes my 

qualifications, my publications within the last ten years, and my previous testimony at trial or by 

deposition, is attached as Exhibit A. 

7. I am currently an active tenured full professor in the Department of Electrical, 

Computer, and Systems Engineering at Rensselaer Polytechnic Institute (“RPI”) located in Troy 

NY. RPI is a private research university and the first technological university in the English-

speaking world. 

8. In 1978, I received a BS degree, and in 1981 an MS degree, both in electrical 

engineering and from the University of Stuttgart (Germany). From 1981 to 1985, I worked as a 

Member of the Scientific Staff at the Max Planck Institute for Solid State Research on field-effect 

transistors made of III-V semiconductors, for which I was awarded a Ph.D. degree in electrical 

engineering from the University of Stuttgart. 

9. In 1985, following my education, I joined industry, AT&T Bell Laboratories, 

initially as a post-doctoral fellow and two years later as a member of technical staff and principal 

investigator.  I worked for AT&T Bell Laboratories, in Holmdel, NJ, and Murray Hill, NJ, for a 

period of ten years, until 1995. 

10. After my tenure in industry, I joined academia, initially Boston University (1995 to 

2002) and subsequently RPI (2002 to present).  At RPI, I have held various leadership positions, 

including head of the Future Chips Constellation, and Director of the Smart Lighting Engineering 

Research Center that was funded by the US National Science Foundation with forty million dollars 

over ten years. 

11. I have been working in the field of silicon (Si) integrated circuit (IC) technology for 

more than 25 years.  During my career in industry and academia, my work and research activities 

have included various aspects of Si IC technology. 

12. For example, I conducted pioneering research in the doping of semiconductors. 

Generally, semiconductors such as Si are doped with dopants to provide them with the appropriate 
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type of electrical conductivity (n-type or p-type, that is, negative (electron) or positive (hole) type) 

as well as an appropriate magnitude of the electrical conductivity (frequently expressed by the 

concentration of dopants, e.g. 1018 dopants per cm3).  My research resulted in the shallowest 

junctions and the most well-defined doping profiles attainable in silicon. The very well-defined 

doping profiles are known under the technical term “delta doping” profiles because the doping 

profiles resemble the well-known delta function. 

13. Another example of my research in Si ICs is my pioneering work in the field of 

materials with a very low dielectric constant.  These materials are also known as low-k materials 

which have a dielectric constant lower than that of silica (SiO2).  Silica has a dielectric constant of 

3.9. Historically, silica has been the standard and most commonly used dielectric material in Si IC 

technology.  I developed highly porous SiO2 by using the oblique angle deposition technique.  The 

technique allowed my research group to demonstrate silica films with a porosity exceeding 90% 

and an associated dielectric constant lower than 1.5. I developed the theoretical underpinnings of 

the oblique angle deposition technique, specifically the dependence of the porosity on the oblique 

angle used during deposition.  Parasitic capacitances can be formed across interlayer dielectric 

films.  To keep the parasitic capacitances small, the dielectric constant of interlayer dielectric films 

should be as low as possible.  Accordingly, low-k materials allow for a reduction of parasitic 

capacitances. 

14. Yet another example of my work relates to CVD (Chemical Vapor Deposition) and 

ALD (Atomic Layer Deposition) equipment and associated fabrication processes.  The dielectric 

material of gate insulating films (i.e., the gate oxide of a field-effect transistor) as well as capacitor 

insulating films (i.e., a capacitor for storing information) is commonly based on a high-k material 

(such as HfO2 or ZrO2).  Nevertheless, a very thin SiO2 layer is typically included in the insulating 

high-k films.  I developed ALD processes that limit the thickness of the SiO2 film to the desired 

value of essentially one atomic layer.  I considered the diffusion of nonmetal atoms (such as oxygen 

atoms) as well as metal atoms (such as zirconium or copper atoms) when developing very thin 

dielectric layers for gate electrodes and storage capacitors. 
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15. I am the author of the book “Physical Foundations of Solid-State Devices” (Google 

Books, Mountain View, 2015, ISBN-13: 978-0-9863826-2-8).  The book presents and analyzes 

many fundamental concepts governing Si IC technology such as electrical contacts, Si inversion 

layers, and quantum tunneling.  Tunneling phenomena can be a fundamental limitation to the 

development of Si IC technology.  Fowler-Nordheim tunneling, a tunneling mechanism relevant in 

3D NAND devices, is discussed in detail in my book. In my research, I have conducted analyses of 

tunneling currents, both desirable and undesirable, in metal oxides and metalloid oxides, relevant 

to the programming, reading, and erasing of 3D NAND memory cell transistors.  My analyses 

included one-dimensional structures, as well as cylindrical structures (relevant for string-type 

geometries). 

16. Throughout my career and to the present day, I have worked extensively and in a 

hands-on manner in Si fabrication facilities, also known as fabs.  The fabs I worked in includes 

IBM’s Boeblingen fab facility (Germany), AT&T’s Holmdel and Murray Hill facilities (the latter 

one was also known as “blue zoo”), Boston University’s silicon fabrication laboratory, and RPI’s 

Micro and Nano Fabrication Clean Room facility. 

17. My hands-on work includes a wide range of fabrication methods and associated 

tools such as material growth (epitaxy), material deposition (physical vapor, chemical vapor, and 

atomic layer deposition), material removal (wet chemical etching, gas-phase chemical etching, and 

physical ion beam etching), and material patterning (photolithography, 193 nm lithography, and 

electron beam lithography). 

18. At my home institution, RPI, I regularly teach in the fields of Si microelectronics 

theory, Si IC fabrication technology, and Si integrated circuits.  My teachings include advanced 

topics such as 3D integrated circuit devices, particularly 3D NAND devices, using floating gate 

and charge trapping technologies. I keep current with the state of technology in integrated circuits 

(including 3D NAND technology) through my regular reviews of technical journal articles, 

overview articles, and books. I have served regularly as technical reviewer for multiple technical 

journals. My research has included floating gate and charge trapping technologies, particularly the 

fundamental theoretical limits of retention times in 3D NAND devices. 
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19. I have consulted with industry and have served as a technical expert on various 

aspects of Si IC technology such as Si doping, 193 nm photolithography, shallow trench isolation, 

high-k dielectric gate insulating films, DRAM memory technologies, atomic layer deposition 

(ALD), and ALD equipment. 

20. Several of my former Ph.D. students have joined the Si IC industry as engineers.  

Companies my former students chose to work for include Global Foundries (Malta NY), IBM 

(Fishkill NY), Intel (San Jose, CA) and Micron Technology (Boise ID). 

21. I have received several awards for my technical contributions.  They include: Senior 

Member IEEE (1993); Literature Prize of Verein Deutscher Elektrotechniker for my book “Doping 

in III-V Semiconductors” (1994); Fellow SPIE (1999); Alexander von Humboldt Senior Research 

Award (1999); Fellow IEEE (1999); Fellow OSA (2000); Boston University Provost Innovation 

Award (2000); Discover Magazine Award for Technological Innovation (2000); R&D 100 Award 

for RCLED (2001); Fellow APS (2001); RPI Trustees Award for Faculty Achievement (2002 and 

2008); honorary membership in Eta Kappa Nu (2004); 25 Most Innovative Micro- and Nano-

Products of the Year Award of R&D Magazine (2007); and Scientific American 50 Award (2007). 

22. Further details about my education, experience, publications, prior testimony, and 

other qualifications are summarized in my Curriculum Vitae attached hereto as Exhibit A.  As 

shown in that Exhibit, I have served as an independent technical expert consultant or expert witness 

in numerous patent litigations.  I have been deposed and testified in patent litigations, including at 

a Markman hearing. 

IV. MATERIALS CONSIDERED 

23. In preparing this declaration, I reviewed and considered the materials cited by the 

parties in their respective Patent Local Rule 4-2 disclosures and Micron’s amendments thereto as 

to terms for patents I discuss below and any other materials referenced in the body of this 

declaration, along with the ’822, ’903, and ’941 patents and corresponding file histories. 

24. I may use these documents and information, or other information obtained during 

the course of this proceeding, as well as representative charts, graphs, schematics and diagrams, 
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animations, and models based on those documents and information, to support and to explain my 

conclusions and opinions. 

25. My conclusions and opinions are based in part on a review and analysis of the above-

mentioned documents and materials.  I have also drawn on my education, experience, and 

knowledge in reaching my conclusions and forming my opinions. 

V. UNDERSTANDING OF THE LAW 

26. I am not an attorney and will not offer opinions on the law.  I have been advised of 

various legal principles that may be applicable to the issues discussed in this declaration, including 

claim construction.  I have used that information in forming my opinions and arriving at my 

conclusions.  My understanding of the relevant legal principles is set forth below. 

27. I understand that claim construction is a legal question for the Court to decide.  I 

understand that when a court construes a claim, claim terms are to be given the meaning they would 

have to one of ordinary skill in the art as of the effective filing date of the patent or the time of the 

invention, depending on the effective filing date of the patent.  I further understand that claim terms 

are to be construed in light of the claim language, the patent specification, and the file history 

(collectively the intrinsic evidence).  I understand that absent lexicography or disclaimer in the 

intrinsic evidence, claim terms should be assigned their plain and ordinary meaning as understood 

by one skilled in the art. As such, I understand that claims should not be construed to read out, or 

render nonsensical, express limitations of the claims.  I understand that it is improper to read 

limitations from exemplary embodiments of the specification into the claims. And, I understand 

that claim terms should be interpreted in the context they are presented in the claim. However, I 

further understand claim terms should also be interpreted in light of the specification and 

prosecution history. 

28. I understand that the applicant may act as a lexicographer in a variety of ways. For 

example, I understand that the intrinsic evidence may expressly define terms in the specification 

and that the claims should be interpreted consistently with those express definitions when the claims 

use those defined terms. I further understand that when the intrinsic evidence describes a particular 

feature as the invention, a claim may be required to be interpreted consistently with the patent’s 
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definition of the invention. Similarly, I understand that when the intrinsic evidence consistently and 

repeatedly uses a term in a particular way, the claims of the patent may be construed to require an 

interpretation in accordance with the consistent and repeated use in the intrinsic evidence. 

29. I also understand that extrinsic evidence, such as contemporaneous technical 

dictionaries, textbooks, expert testimony and the like may also be considered in claim construction 

to provide the understanding of one of ordinary skill in the art but typically is given less weight 

than the intrinsic evidence.  I understand that extrinsic evidence cannot be used to vary or contradict 

the meaning of the claims that is unambiguous in light of the intrinsic evidence.  I also understand 

that, to be informative of the meaning of a claim term, extrinsic evidence must reflect unbiased, 

contemporaneous reflection of the common understanding of the technical terms in question as to 

be considered a reliable source of information on the meaning attributed to those terms by those 

skilled in the art. 

VI. LEVEL OF SKILL IN THE ART 

30. I have been informed and understand that the level of ordinary skill in the relevant 

art at the time of the invention is relevant to inquiries such as the meaning of claim terms, the 

meaning of disclosures found in the prior art, and the reasons a person of ordinary skill in the art (a 

“POSITA”) may have for combining references. 

31. I have been informed and understand that factors that may be considered in 

determining the level of ordinary skill include: (1) the education of the inventor; (2) the type of 

problems encountered in the art; (3) prior art solutions to those problems; (4) rapidity with which 

innovations are made; (5) sophistication of the technology; and (6) education level of active 

workers in the relevant field.  I have been further informed and understand that a person of ordinary 

skill in the art is also a person of ordinary creativity. 

32. As to the ’822, ’903, and ’941 patents, a person of ordinary skill in the art at the time 

of the alleged inventions would have had a bachelor’s degree in electrical engineering or a similar 

discipline, along with 2-3 years of professional experience working with (e.g., researching, 

designing, developing, or teaching) NAND flash memory devices (including issues relating to the 

operation, e.g., programming, of said devices), or an equivalent level of skill, knowledge, and 
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experience (e.g., an advanced degree may replace some of the professional experience or additional 

professional experience may account for a different academic background). 

33. In my opinion, this POSITA would have been aware of and generally 

knowledgeable about NAND memory’s structure, its component parts, how it operates, and how it 

is controlled. 

34. In view of my educational background (e.g. a Ph.D. in electrical engineering) and 

decades of experience working with semiconductor electronics and integrated circuits, as discussed 

in Section III, I was a person of more than the ordinary level of skill in the art as of the filing of the 

’822, ’903, and ’941 patents.  My opinions herein, however, were formed considering the 

perspective of an ordinarily skilled artisan. 

VII. TECHNOLOGICAL BACKGROUND  

35. In this section I provide the background essential to understanding the relevant 

technology, as a POSITA at the time of the alleged invention would have understood the 

technology. 

A. Structure of NAND Flash Devices 

36. “Flash memory” is a type of digital memory that is “non-volatile” (that is, it retains 

the stored data even if the power source is removed).  MYM0038844 (U.S. Patent No. 9,589,978 

to Yip (“Yip”)), 1:26-28. 

37. Flash memory is comprised of many flash memory “cells” (such as NAND cells) 

arranged in a “string” like arrangement where many cells are connected in series.  MYM0027804 

(Aritome, “NAND Flash Memory Technologies” (2016) (“Aritome”)), MYM0027841.  The flash 

memory device stores each bit of binary information into each of these cells.  Id., MYM0027841-

42.  The cells are surrounded by select transistors (SGD and SGS), one on the top (usually the drain 

side) and one of the bottom (usually the source side).  A string of cells is shown in the illustration 

below: 
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Id., MYM0027842. 

38. Prior to the advent of 3D NAND devices, NAND devices were created as a two-

dimensional array of cells on a substrate surface.  Id., MYM0027841. 

39. Memory cells are located at the “intersection[s]” of the lines.  Id.  An example of 

this is shown below, with an example memory cell again shown in the top figure, and a two-

dimensional array of such cells shown in the figure below: 

 

Id., MYM0027842. 
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Id., MYM0027843. 

40. As the illustrated two-dimensional array above shows, multiple memory cells are 

connected in series and sandwiched between the “SDS” and “SGD” select transistors (on the 

source and drain side respectively), to constitute a NAND string of memory cells.  Given that the 

select transistors, along with a respective data sensing circuitry for each NAND string are a fixed 

overhead cost, it is advantageous to place as many transistors as possible in a string to increase 

the capacity and density of the memory, and to amortize this overhead cost across as many 

memory cells as possible.  In this manner, bit density per a given area can be maximized while 

the bit cost per memory cell is minimized.  See generally Aritome, §§7.1-7.2. 

41. This changed when “three-dimensional (3D) NAND flash cells” were developed.  

Id., MYM0028095.  “In order to further scale down the memory cell size of NAND flash memory,” 

the art developed so-called “three-dimensional (3D) NAND flash cells” starting in about 2006.  Id.  

In 3D NAND, rather than arranging memory cells in a two-dimensional array, 3D NAND arranges 

cells in a three-dimensional array that is built up in layers.  A POSITA would have known that 

“[c]onceptually, a modern 3D NAND structure could be conceived by starting from the 2D NAND 

string building block” and “turning the 2D NAND string upside,” “resulting” in a “3D structure” 

with a “vertical channel.”  MYM0035101 (Silvagni, 3D NAND Flash Based on Planar Cells) at 

103.  The following image provides a demonstrative example of the relationship between the 

structure of a 2D NAND string and a 3D NAND string: 
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MYM0034141 (Micheloni et al., “Inside Solid State Drives (SSDs)” (2nd Ed. 2018) (“Micheloni 

Inside SSDs”)) at 262. 

42. Memory cells (which themselves comprise transistors) are formed vertically by 

stacking several alternating layers of metal and dielectric (for example, oxide such as SiO2) 

around a cylindrical pillar.  Aritome, MYM0028097-98.  Each of the metal layers acts as the 

control gate (gate terminal) of a transistor.  Id.  Below is a figure illustrating how multiple such 

vertical pillars (channels or strings) are then repeated to form a three-dimensional array: 

 

Id., MYM0028099.  Selection of a specific vertical memory cell is done by using a wordline and a 

bit line, along with the select gates.  Id., MYM0028098-100. 
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43. As a further example, the figure reproduced below shows a 3D NAND vertical 

memory cell string with a charge-trapping layer: 

 

Id., MYM0028099.  Here the sidewall, referred to as an ONO sidewall of the memory-string pillar, 

can comprise an oxide blocking layer (e.g., 470) (“O” in “ONO”), a nitride charge-trapping or 

storage layer (e.g., 463) (“N” in “ONO”), and an oxide tunneling layer (e.g., 464) (“O” in “ONO”), 

all shown in the figure reproduced and annotated below to show these various layers: 
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MYM0037822 (U.S. Pat. App. No. 2020/0168276), Fig. 4E (excerpted and annotated); see also id. 

[0083]; MYM0038909 (U.S. Patent No. 9,620,233 (“the ’233 patent”)), 13:19-26. 

44. There are two common types of 3D Flash memory cells: conductive floating gate 

memory cells and charge-trap memory cells.  In the conductive floating gate memory cell variant, 

the floating gates are conductive (or semi-conductive).  Because of this the vertical memory string 

is made with multiple, separated floating gates as shown in the figure below: 
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MYM0033167 (Micheloni, 3D Flash Memories (2016) (“Micheloni 3D Flash”)) at 311. 

45. On the other hand, charge-trap technology uses a non-conductive data storage 

portion (such as silicon nitride).  Because of this, the charge-trap layer is not separated and simply 

extends through the entire vertical string as depicted in the figure below: 
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Id., MYM0033272. 

46. “Production of 3D NAND flash memory … started in August 2013.”  Aritome, 

MYM0028196.  Given that the origins of 3D NAND came from 2D NAND, there are many 

similarities between 2D and 3D NAND flash memory devices, including basic principles of 

operation, memory storage techniques, the techniques and algorithms used to read, erase, and 

program memory cells and memory cell strings.  In this context, the term “program” refers to 

writing/storing/saving data to a memory cell. 

47. Memory cells are frequently organized into “blocks,” “pages,” or other groupings 

that are used for reading, writing, and erasing operations.  “[R]ead and program operations are 

performed per page” while “the erase operation is performed per block.”  Aritome, MYM0027842. 

48. As the illustrations for the 3-D NAND flash array reproduced above showed, the 

strings of memory cells are placed in the vertical direction.  In contrast, the wordlines (which 

function as the memory cell control gates), are horizontal conductive planes which intersect 
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numerous memory strings at the same cell location in each string.  Thus, any voltage that is applied 

on a given wordline will be applied as the control gate voltage to all the memory cells intersecting 

that plane. 

B. Operation of 3D NAND Devices 

49. When data is stored in a 3D NAND device, bits are “written” (stored) to the memory 

cells by a programming process.  For example, if a memory cell is designed to store two bits, a 

memory cell may be “programmed” to store the data state of binary 00, 01, 10, or 11.  This is 

achieved by storing some amount of charge in the cells’ charge-storage material using a 

programming operation where a charged state represents one binary state and an uncharged state 

represents the other binary state.  There is a “threshold voltage” (Vth) at which point the cell 

transistor turns on, and this threshold voltage level increases “in proportion to the amount of stored 

charge.”  See’233 patent, 13:43-49.  A two-bit-per-cell NAND memory device may have a 

distribution of Vth-to-data-state as shown in the figure below: 

 

Id., Fig. 6; see also Aritome, MYM0028145-147 (Fig. 7.77).  Cells which are unprogrammed have 

the erased state “Er” and a low value of Vth.  See ’233 patent, 14:11-12. 

50. To read the memory cells during read operations, the threshold voltage of the 

selected cell to be read is measured and its data state is determined from that measurement.  Id., 

3:10-11, 9:66-10:15, 14:34-37.  All cell transistors on a selected memory string—except the 

selected cell to be read—can be supplied with a control gate voltage (also referred to as a pass 

voltage) that is higher than the highest Vth of all possible data states to make the transistors 

conductive.  Id., 3:21-27, 3:33-37.  A read voltage that is between two data states is applied to the 
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control gate of the selected cell.  Id., 3:22-29, 14:31-34.  If that read voltage is higher than the Vth 

of the selected cell, the cell transistor turns on and the memory string conducts current.  Otherwise, 

the string does not conduct current.  Sensing whether current is conducted allows the threshold 

voltage of the selected cell to be measured and then the data state can be determined.  Id., 3:10-11, 

9:66-10:15, 14:34-37. 

51. During a typical programming operation, the memory cells are programmed 

according to a wordline programming order as the operation is performed from one end of the string 

to the other end.  NAND memory programming typically involves iteratively repeating two related, 

but distinct, operations: a programming operation and a read operation where the read operation is 

also known as a verify operation.  For 3D NAND flash devices, the programming option is generally 

done via a process known as “incremental step pulse programming” or “ISPP.”  The ISPP process 

involves applying a voltage pulse to a control gate of the selected wordline to inject electrons into 

a charge-storing part of the transistor and, at the same time, applying a pass voltage to unselected 

wordlines.  See, e.g., MYM0038613 (U.S. Patent No. 9,361,993 (“the ’993 patent”), 11:47-49.  

After this, a read (verify) operation may be performed to verify that the memory cell has been 

correctly programmed (i.e., determine whether the programming pulse was sufficient).  See, e.g., 

MYM0035540 (U.S. Patent No. 10,276,251), 10:43-47; ’993 patent, 11:50-52; ’233 patent, 3:21-

29.  The ISPP process will stop if the verify operation confirms that the memory cell was 

programmed to a proper threshold voltage.  See ’993 patent, 11:27-32.  If the verify operation fails 

to confirm this, the ISPP process will continue until a proper threshold voltage is reached.  Memory 

cells on a memory string are typically programmed from one end to the other (for instance, from 

the source side to drain side, or vice versa).  See, e.g., Aritome, MYM0027848 (Fig. 2.12); 

MYM0037760 (U.S. Pat. Pub. No. 2019/0348122) [0110]-[0112]. 

52. Storing data in and reading data from NAND flash is subject to various influences 

that reduce its reliability including, but not limited to, data-retention degradation and read disturb.  

See Aritome, MYM0027831.  For example, read disturb can occur when read operations repeatedly 

apply high pass voltages on unselected wordlines, which induces an unexpected boosting effect in 

unselected cells in a NAND string called hot-carrier injection or “HCI.”  Id., MYM0028057.  “To 
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limit read disturb on unselected wordlines during sensing, the value of [pass voltage] may generally 

be set as low as possible to ensure that the memory cells are conductive and appropriately act as 

pass gates.”  See MYM0037191 (U.S. Pat. Pub. No. 2018/0012667) [0096].  Because of this, a 

lower pass voltage may be applied to unprogrammed cells since they have low threshold voltages.  

See, MYM0036348 (U.S. Pat. Pub. No. 2013/0077404) [0052]-[0062]. 

 

Id., Fig. 6 (annotated). 

53. In addition to data storage and reading reliability issues, 3D NAND designs also 

account for reliability issues encountered during programming.   

54. As discussed above, typical 3D NAND is formed from an array of memory cells 

arranged in rows and columns.  This arrangement of memory cells results in each cell being in close 

physical proximity to other cells in multiple directions.  This close proximity, coupled with the 

application of various different voltages to adjacent cells during programming, results in a well-

known “phenomenon” referred to as “[p]rogram disturb.”  Aritome, MYM0027855.   

55.  “Program disturb” involves “the threshold voltage … of unselected cells” 

undesirably “increas[ing] during program operation.”  Aritome, MYM0027855-56.  This threshold 

voltage increase can in turn cause cells not identified for programming modification to enter a 

different/unintended programmed state. Id.   
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56.  When the ’822 patent was filed, it was known that voltages applied during 

programming (for example, voltages applied to wordlines above and below the memory cell to be 

programmed) can be selected such that the potential for program disturb is minimized.  Aritome, 

MYM0027855-56. 

VIII. THE ’822 PATENT 

A. The ’822 Patent’s Effective Filing Date 

57. For purposes of this declaration, I have been instructed to use October 22, 2019, as 

the effective filing date of the ’822 patent.  With respect to the ’822 patent, my opinions in this 

declaration were formed from the perspective of a person of ordinary skill in the art as of October 

22, 2019, including both the knowledge of a person or ordinary skill in the art at that time as well 

as how a person of ordinary skill in the art would have understood the ’822 patent. 

B. Overview of the ’822 Patent 

58. The ’822 patent relates to a “control method” for a “three-dimensional (3D) NAND 

flash memory” device.  ’822 patent, 1:15-29. 

59. Per the patent, typical “3D NAND memory architecture stacks memory cells 

vertically in multiple layers, achieving a higher density….”  ’822 patent, 1:29-32.  

60. “As more layers are added, the bit density increases, thus increasing … storage 

capacity.”  ’822 patent, 1:32-33.   

61. However, while storage capacity increases the patent explains that “[w]ith the layer 

increases, … program disturb becomes worse.”  Id., 1:34-35.   

62. According to the patent, the prior art attempted to address this “program disturb” by 

applying “[a] pre-pulse signal … to an unselected bit line….”  ’822 patent, 1:34-37.  But when 

additional layers are employed to increase memory density, a longer memory string channel results 

which in turn “reduce[s]” “[t]he effect” of such a “bit line pre-charge.”  Id., 1:39-41.   

63. “A traditional method for improving the bit line pre-charge effect” for these longer 

channels “is to extend the bit line pre-pulse time.”  ’822 patent, 1:41-44.  This, however, results in 

slower programming.  Id.  Another “traditional method” entails “increas[ing] the voltage level of 
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the bit line pre-pulse.”  ’822 patent, 1:44-48.  This “increase[s] the risk of the breakdown” of the 

“bit line transistor.”  Id. 

64. Rather than employing what it identifies as “traditional methods,” the ’822 patent 

“appl[ies] wordline pre-pulse signals with different voltage levels” for purposes of “reducing 

programming disturb.”  ’822 patent, 1:17-19.  Per the patent, the further a wordline is “away from 

the selected wordline, the larger voltage level of the” applied “wordline pre-pulse signal[.]”  Id., 

4:39-43.   

65. The ’822 patent alleges that using these types of “wordline pre-pulse signals”  

“enhance[s]” “the channel potential gradient” in the unselected NAND strings, which in turn 

“enhance[es] the pre-charge effect” and “reduc[es] programming disturb.”  ’822 patent, 4:54-59. 

66. Figures 3 and 4—which are annotated below to show the patent’s different 

groupings and applied pre-pulse signals—provide an example of this.   

67. Figure 3 shows a single unselected “memory string.”  ’822 patent, 5:7-11.   

68. Connection of the “memory string” to an “unselected bit line BL” is controlled by a 

“top select gate line TSG” (green).  ’822 patent, 5:11-15.   

69. “[W]ordlines WL0 to WLn” pass through the memory string.  ’822 patent, 5:14-16.   

70. “WL0” (yellow) is currently “the selected wordline” (i.e., the wordline connected to 

the memory cell to be programmed).  ’822 patent, 5:18-20.   

71. The other wordlines that are not selected are divided into a “first group” (blue 

“Bottom WL”), “second group” (orange “Middle WL”), and “third group” (purple “Top WL”).  

’822 patent, 5:19-34. 
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’822 patent, Fig. 3. 

72. Figure 4 is a “signal timing diagram of” Figure 3’s “memory string[.]”  ’822 patent, 

5:35-38.  

73. As shown in this figure, three different “wordline pre-pulse signals”— with 

maximum voltages labeled VP_BOTTOMWL (blue), VP_MIDDLEWL (orange), and 

VP_TOPWL (purple) in the figure—are applied to the three groups of wordlines.  ’822 patent, 

5:50-55.   

74. As shown in the figure, each of these “pre-pulse signals” is applied in the form of a 

pulse.  The voltage increases from 0V to another value for a period of time, and then returns back 

to 0V.  The maximum voltage level of these pulse signals increases with distance from the “selected 

wordline.”  The applied signal is a “pre-pulse” because it is applied (i.e., it starts and then stops) in 

advance of a later programming step shown to the right of the figure.  During this later programming 

step, the selected wordline is supplied with a programming voltage pulse (Vpgm) while the 

unselected wordlines are supplied with a pass voltage (Vpass): 
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’822 patent, Fig. 4. 

C. The Prosecution History of the ’822 Patent 

75. I have reviewed the ’822 patent’s prosecution history.  During prosecution, the 

claims were rejected only on double patenting grounds.  No other prior art was discussed by the 

Examiner.  See ’822 Patent File History, 12/30/2021 Office Action. 

76. I have also reviewed the prosecution history of the ’822 patent’s parent application: 

U.S. App. 16/709,944.  See U.S. Pat. App. 16/709,944 File History (“’944 Application FH”).  

77. During prosecution of this application, the claims were rejected over U.S. Patent 

No. 10,283,202 (“Chen”) and U.S. Pub. 2011/0194351 (“Kim”).  See id., 1/15/2021 Office Action.  

The Examiner noted that Chen taught two different wordline pre-pulse voltages (0 or 2V).  Id. 

78. In response, Applicant amended the pending claims to require (1) “first,” “second,” 

and “third” “pre-pulse signal” voltages, (2) “first,” “second,” and “third” groups of wordlines 

arranged in order between the “selected wordline and the select gate line,” and (3) increasing “pre-

pulse signal” “voltage levels” from the “first” to the “third” group.  Id., 3/4/2021 Applicant 

Response and Amendment.  This then led to allowance of the pending claims in the parent 

application.  See id., 4/5/2021 Notice of Allowance. 
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D. The Relevant Claims of the ’822 Patent 

79. I understand that claims 1 and 2 of the ’822 patent are asserted in this case.  Out of 

that group of asserted claims, claim 1 is the only independent claim. 

80. Independent claim 1 recites: 
1[pre] A memory device, comprising: 

1[a] a plurality of memory strings; 

1[b] a bit line connected to a first memory string of the plurality of memory 
strings; 

1[c] a select gate line connected to the first memory string of the plurality 
of memory strings; 

1[d] a selected wordline of a plurality of wordlines, wherein the plurality of 
wordlines is connected to the first memory string; and; 

1[e] a control circuit configured to 

1[e(1)] apply a first wordline pre-pulse signal of a plurality of wordline pre-
pulse signals to a first group of the plurality of wordlines during a pre-
charge period; 

1[e(2)] apply a second wordline pre-pulse signal of the plurality of wordline 
pre-pulse signals to a second group of the plurality of wordlines during the 
pre-charge period; and 

1[e.(3)] apply a third wordline pre-pulse signal of the plurality of wordlines 
pre-pulse signals to a third group of the plurality of wordlines during the 
pre-charge period, 

1[e(4)] wherein a voltage level of the second wordline pre-pulse signal is 
greater than that of the first wordline pre-pulse signal, and a voltage level 
of the third wordline pre-pulse signal is greater than that of the second 
wordline pre-pulse signal. 

E. DISPUTED TERMS 

81. I have been asked to provide my opinions regarding the parties’ proposed 

constructions for one claim term of the ’822 patent.  That term is set forth below. 

i. “wordline pre-pulse signal” (Claim 1) 

Micron’s Proposed Construction YMTC’s Proposed Construction 

“a signal that increases in value and then 
decreases in value (or vice versa) before a 
programming step” 

“pulse signal to prepare wordlines for a 
programming step” 
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82. Independent claims 1 and 11 reference and require a “first,” “second,” and “third” 

“wordline pre-pulse signal.”  In my opinion, a POSITA would have understood this “wordline pre-

pulse signal” to be “a signal that increases in value and then decreases in value (or vice versa) 

before a programming step.”  In other words, a “pulse signal” has both a defined beginning and 

defined end, both of which occur before the subsequent programming step.  This is consistent with 

the plain and ordinary meaning of the claim term, the context provided by surrounding claim 

language, the figures of the ’822 patent, and discussion of the terms in the ’822 patent’s 

specification. 

83. To begin, this claim term requires a signal in the form of a “pulse.”  The term “pulse” 

had a well-understood meaning in the art at the time the ’822 patent was filed.  In particular, a 

POSITA would have understood this to refer to a signal that increases and then decreases in value 

(or alternatively, decreases and then increases in value).   

84. Multiple dictionaries—including both standard and technical dictionaries—define 

the term “pulse” in this way: 

 “quick change in the current or voltage produced in a circuit used to operate an 

electrical switch or relay or which can be detected by a logic circuit” (Newton’s 

Telecom Dictionary (26th ed. 2011) (MYM0068599) at 601); 

 “[a] wave that departs from a first nominal state, attains a second nominal state, and 

ultimately returns to the first nominal state” or “[a] variation in the value of a 

magnitude which is short in relation to the time schedule of interest, the final value 

being the same as the initial value” (IEEE Standard Dictionary of Electrical and 

Electronics Terms (1996) (MYM0069160) at 162-63); 

 “[f]or a quantity which is normally constant, a well-defined variation which 

increases from a steady value to a maximum, then back to or near the original value, 

all in a comparatively short time” (Wiley Electrical and Electronics Engineers 

Dictionary (2004) (MYM0069175) at 177); and 

Micron Ex. 1076, p. 25 
Micron v. YMTC 
IPR2025-00190



 

 
- 25 - 

DECLARATION OF  
E. FRED SCHUBERT, PH.D. 

CASE NO. 3:23-CV-05792 
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
ORRICK, HERRINGTON & 

SUTCLIFFE LLP 
ATTORNEYS AT LAW 

SILICON VALLEY 

 “a transient amplification or intensification of a characteristic of a system, esp. of a 

wave characteristic, followed by a return to equilibrium or a steady state” (Webster’s 

II New College Dictionary (2001) (MYM0068603) at 605). 

85.  As can be seen, in all cases the term “pulse” refers to a signal that starts at one 

value, increases or decreases to another value, and then returns back to its original value. 

86. An example of one such “pulse” is provided below.  This figure depicts 

“conventional” NAND “program pulse waveforms” employed when programming NAND memory 

cells.  As shown, each “pulse” entails an increase in voltage from an initial state (i.e., the pulse has 

a beginning), followed by a return back to that original state after a period of time (i.e., the pulse 

has an end): 

 

Aritome, MYM0027920-21. 

87. The ’822 patent’s dependent claims serve to further confirm that the claimed “pulse” 

requires a signal that increases and then decreases (or decreases and then increases) such that the 

signal has a defined beginning and end.   

88. In particular, claim 10—which depends on claim 1—specifies that the “pre-pulse 

signal[s]” of claim 1 have various different “pulse duration[s]”: 

wherein a pulse duration of the second wordline pre-pulse signal is 
greater than that of the first wordline pre-pulse signal, and a pulse 
duration of the third wordline pre-pulse signal is greater than that of 
the second wordline pre-pulse signal. 
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89. While claim 1 does not use the word “duration,” the claims nonetheless presume 

that all pulses have such a “duration.”  If this were not the case, the limitation added by claim 10 

would not make sense in context: pulse durations cannot differ from pulse-to-pulse as claim 10 

requires if the pulses did not have durations in the first place.  And a pulse has a “duration”—which 

can differ from pulse-to-pulse as claim 10 requires—because it has a defined start and end.  A signal 

without a defined start (or a defined end) is not a pulse and has undefined duration that cannot vary 

from signal-to-signal.  Instead, a pulse requires both a defined start and a defined end to have a 

pulse duration.  In other words, a pulse has a pulse duration associated with it. Without the pulse 

having rising and falling edges (or falling and rising edges), the pulse duration becomes 

meaningless. 

90. Consistent with this usage of the term in the ’822 patent’s claims, it was generally 

known in the art at the time the ’822 patent was filed that pulses have determinable widths or 

durations.  See, e.g., Comprehensive Dictionary of Electrical Engineering (2d ed. 2005) 

(MYM0068593) at 595 (“Pulse width” is “width of the temporal region over which a pulse has 

significant amplitude; sometimes represented more specifically as, for example, full width at half 

maximum”); New Penguin Dictionary of Computing (2001) (MYM0068596) at 598 (“pulse width” 

at is the “the duration of the higher voltage portions of a SQUARE WAVE signal (that is, the tops 

of the waves), which may be varied in length to carry information (see MODULATE).”)  Because 

a pulse has a determinable width and duration, a POSITA would understand that it must also have 

a defined beginning and end. 

91. The ’822 patent specification uses “pulse” in a way that is entirely consistent with 

the above construction and plain and ordinary meaning of the term.   

92. For example, the specification explains that the patent’s “pre-pulse signal[s]” have 

both a “rising edge” and an “ending,” “end point,” or “falling edge.”  ’822 patent, 6:30-7:18. 

93. Likewise, the specification notes that the “wordline pre-pulse signals” have a “pulse 

duration” “[d]uring the pre-charge period.”  Id., 7:21-35.  Again, a “pulse” can only have a 

“duration” if it also has both a defined beginning and a defined end. 
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94. Next, according to the ’822 patent, Figs. 4 and 5 are “signal timing diagram[s]” 

showing, among other things, the patent’s “pre-pulse signal.”  Id., 5:35-64, 6:9-10.   Figure 4 is 

reproduced below: 

 

Id., Fig. 4. 

95. The figure shows “pulse[s]” applied to, among other lines, a “Top WL,” “Middle 

WL,” and “Bottom WL.”  In all cases, the pulses applied to these lines increase in value (have a 

defined beginning) and then decrease in value (have a defined end).  

96. For example, the “Top WL” begins at 0V.  Then, a pulse signal is applied increasing 

the line’s voltage to VP_TOPWL=1.8V.  This pulse signal then ends, allowing the line’s voltage 

to return back to 0V before a subsequent programming step.   

97. The pulse signals applied to the “Middle WL” and “Bottom WL” are similar: the 

line’s voltage starts at 0V, a pulse signal is applied increasing voltage (to either 

VP_MIDDLEWL=1.2V or VP_BOTTOMWL=0.6V).  This pulse signal then ends allowing the 

line’s voltage to return back to 0V before the actual programming.  Figure 5 is similar, except it 

employs negative as opposed to positive voltages.  See id., Fig. 5.  To summarize, all pictorial 

disclosures in the ’822 patent of the pulse signals show a defined beginning and end.   
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98. While the ’822 patent does reference a wordline pre-pulse signal “voltage level” 

(e.g., ’822 patent, 1:54-55, 2:7-8) this does not re-define the term in a way that departs from its 

plain and ordinary meaning.  This “voltage level” is simply the voltage to which the pre-pulse signal 

increases (or decreases) for a fixed period of time in advance of programming before returning back 

to its original value.  See, e.g., id., Figs. 4-5, 6:30-7:18. 

99. I also understand that YMTC itself characterized the claimed “pulse signal” as 

having a defined beginning and end.  In particular, in its preliminary response in IPR2024-00795, 

it explained that the claimed “pre-pulse signal [that] prepares the wordline before the programming 

step” is “in the form of a pulse” with a “duration,” and “does not include a flat voltage.”  See 

MYM0080152 (Preliminary Response), pp. 17-19.  In other words, a “pulse” has a “duration” (i.e., 

it starts and ends) and is not simply a “flat voltage.”  Unlike a “pulse,” a flat voltage would not 

have a distinguishable start and end and would not increase and then decrease in voltage as a pulse 

does.  Further, I understand that YMTC took a similar position in its patent owner response.  There, 

it represented that construing “pulse” to mean a “signal that must increase in value and then 

decrease in value (or vice versa)” is “supported by the intrinsic record.”  MYM0092479 (IPR2024-

00795, Paper 12), p. 13.  YMTC then proceeded to discuss the same claim language, specification 

passages, and dictionary definitions I cite above.  See id., pp. 13-16.  More particularly, according 

to YMTC, the ’822 patent’s claims “confirm that” a pulse must have “a beginning and an end.”  Id., 

p. 14.  Moreover, YMTC states that “[t]he specification further confirms that a ‘pulse’ must increase 

in value and then decrease in value (or vice-versa).”  Id.  And, YMTC further agreed that 

“dictionary definitions” would have led a POSITA to the same conclusion regarding the meaning 

of the term “pulse”: the term references a signal that “[i]ncreas[es] in value and then decreas[es] in 

value (or vice-versa)….”  Id., p. 16.  YMTC also repeatedly distinguished the claimed “wordline 

pre-pulse signal” from a “flat voltage signal” that does not increase/decrease and then return to its 

original value in advance of programming.  See, e.g., id., pp. 16, 24, 31, 39, 40, 42, 43, 44.  

According to YMTC, the claimed “pre-pulse signal” requires more than “pre-bias voltages … 

applied as a single, flat, value followed immediately by programming voltages.”  Id., p. 31.  I agree.  

To be a “pulse,” the voltage applied to a wordline must increase/decrease from an original value 
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for some duration, and then return to that original value.  YMTC’s IPR expert also took this same 

claim construction position—repeating the statements YMTC made in its patent owner response—

further confirming that a POSITA would understand the term “pulse” to have the meaning 

discussed above.  See MYM0092358 (IPR2024-00795, Ex. 2011), ¶¶ 47-54. 

100. Next, claims 1 and 11 refer not just to a “pulse signal” but a “pre-pulse signal.”  

Because it uses “pre-,” a POSITA would understand that the claimed “pulse signal” must be applied 

in advance of some other, subsequent step.  This is what “pre-” means.  Because the ’822 patent is 

directed to a method specifically intended to be performed during programming (and not some 

other step such as reading or erasing), a POSITA would understand that the “pre-pulse signals” are 

applied in advance of programming.   

101. The specification further elaborates on what it means by a “pre-pulse signal.”  In 

particular, according to the patent, “wordline pre-pulse signals” are applied “[d]uring a pre-charge 

period (before programming).”  ’822 patent, 3:43-59.   

102. This is also shown in Figure 4.  Here, each of the “pre-pulse signal[s]” is applied in 

a “pre-charge period” that occurs prior to a later programming step when a program voltage Vpgm 

is applied.  See id., Fig. 4.   

103. YMTC appears to agree that the claimed “pre-pulse signal” must be applied in 

advance of programming: its construction specifies that the “signal[] … prepare wordlines for a 

programming step.”   

104. Nonetheless, YMTC’s proposed construction does not reflect the plain and ordinary 

meaning of “pre-pulse signal.”   

105. First, it simply re-uses the word “pulse” rather than articulating the term’s plain and 

ordinary meaning.  As I have explained, a “pulse” must have both a defined beginning and end.  It 

is not apparent from YMTC’s construction that it is interpreting the term “pulse” in this way.  

Moreover, by simply reusing the words of the claim in its construction, YMTC has not clarified the 

claim term’s meaning. 

106. Second, YMTC’s construction appears to graft a requirement onto the claims that 

the signal “prepare wordlines for programming.”  Neither the claims nor the specification uses the 
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word “prepare.”  Thus, rather than clarifying the meaning of the claims, YMTC’s construction 

makes them more ambiguous.  Further, in my opinion, the claim term “wordline pre-pulse signal” 

simply specifies the nature of the signal applied (a “pulse”) and its general timing (it is “pre” or 

before other subsequent steps).  This limitation does not, however, impose any requirements on the 

purpose of the signal.  That comes later in the claim, which specifies that the signals be applied 

“during a pre-charge period.”    

IX. THE ’903 PATENT 

A. The ’903 Patent’s Effective Filing Date 

107. For purposes of this declaration, I have been instructed to use June 28, 2010, as the 

effective filing date of the ’903 patent.  With respect to the ’903 patent, my opinions in this 

declaration were formed from the perspective of a person of ordinary skill in the art as of June 28, 

2010, including both the knowledge of a person or ordinary skill in the art at that time as well as 

how a person of ordinary skill in the art would have understood the ’903 patent. 

B. Overview of the ’903 Patent 

108. The ’903 patent is titled “Three Dimensional Memory and Method of Forming the 

Same.” ’903 patent, Cover.  Three-dimensional memories work in relevant parts as follows. 

Memory cell strings are formed vertically within a volume of material and control gates are formed 

horizontally in that volume to form an intersecting three-dimensional matrix of memory cells and 

control gates as illustrated below: 
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’903 patent, Fig. 3 (annotated), 1:65-3:25; see also, ¶ 42, above, (illustrating a possible electrical 

circuit equivalent of Fig. 3). Three-dimensional flash memories save information as an amount of 

charge, and these charges are stored in the memory cells of the memory cell strings. See ’903 patent, 

5:4-19. To store charge in a particular memory cell, a high positive voltage is applied to a control 

gate which pulls electrons into the memory cell (specifically into its floating gate or charge trap) 

from a channel of electrons that flows vertically through the memory along the string of memory 

cells. See id. Thus, it is necessary to form the memory cells surrounded by the control gates such 

that there is a physical proximity that allows a high positive voltage applied to the control gate to 

pull electrons from the electron channel into the memory cell (specifically into its floating gate or 

charge trap). See id., 5:4-19, 8:51-59. 

109. Figure 3 of the ’903 patent depicts one embodiment of the three-dimensional 

memory structure in which the control gates may have horizontally and vertically extending cavities 

in which the individual memory cells are located: 
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Id., Fig. 3 (annotated).  Figure 11 of the ’903 patent illustrates the formation of vertical cavities (or 

holes) of the same diameter through each layer of material used to form control gate layers (1002, 

1004, 1006) and insulating layers (1003, 1005, 1007): 
 

 

Id., Fig. 11 (annotated).  The specification of the ’903 patent states that “forming holes [] results in 

forming cavities[].” ’903 patent, 7:27-46. In the embodiment of Fig. 11, the specification describes 

that holes are formed through each of the layers 1002 to 1007 to form cavities therein. Id. The 

specification further describes that when forming a hole in the layers of material, the hole formed 
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in each layer is its own cavity: “Each cavity 1110 and each cavity 1120 may have substantially the 

same diameter, D1. Diameter D1 can also be considered the diameter of each hole 1101 at the 

location of each cavity 1110 and each cavity 1120.” Id., 7:42-46; see also id., 12:52-64. 

110. The specification separately provides that in an optional embodiment, the diameter 

of some of the vertical cavities can be expanded to form horizontal cavities:  

Forming cavities 1220 can include enlarging the size of cavities 1120 (FIG. 11) 
while keeping the size of cavities 1110 substantially unchanged (e.g., remaining 
substantially at diameter D1). For example, enlarging the size of cavities 1120 (FIG. 
11) can include selectively removing (e.g., selective wet or dry etching) a portion 
of each of materials 1002, 1004, and 1006 at each cavity 1120 (FIG. 11) such that 
the diameter of each cavity 1220 increases to substantially diameter D2, while the 
diameter D1 at each cavity 1110 remains substantially unchanged. 

Id., 7:49-59. 

111. Figure 28 illustrates control gates 1221, 1222, 1223, formed from materials 1002, 

1004, 1006, discussed in the context of Fig. 11, in which enlarged cavities were formed between 

alternating layers of materials according to the optional embodiment discussed above: 
 

 

Id., Fig. 28 (annotated).  See also id., 10:19-35. 
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C. The Prosecution History of the ’903 Patent 

112. I have reviewed the prosecution history of the ’903 patent.  During prosecution the 

’903 patent was allowed after a double patenting rejection.  ’903 Patent File History, 3/19/2020 

Office Action; 8/19/2020 Notice of Allowance.  Applicant cancelled all original claims and added 

the claims as issued.  Id., 6/19/2020 Applicant Response and Amendment. 

D. The Asserted Claims of the ’903 Patent 

1[pre] An apparatus comprising: 

1[a] conductive pillars extending outward from a substrate; 

1[b] memory cell strings, each of the memory cell strings is formed over a 

respective conductive pillar of the conductive pillars; 

1[c] a first control gate formed in a first device level, the memory cell strings 

including a memory cell string, the memory cell string including a first 

memory cell having a memory element formed in a cavity of the first control 

gate; 

1[d] a second control gate formed in a second device level, the memory cell 

string including a second memory cell having a memory element formed in a 

cavity of the second control gate; and 

1[e] a conductive channel extending between the first memory cell and the 

second memory cell and electrically coupled to a conductive pillar of the 

conductive pillars. 

2[a] The apparatus of claim 1, further comprising: a first conductive region 

located on a first side of the conductive pillar and separated from the 

conductive pillar by a first dielectric material; and 

2[b] a second conductive region located on a second side opposite from the 

first side of the conductive pillar and separated from the conductive pillar by a 

second dielectric material. 

3 The apparatus of claim 2, wherein the first conductive region is coupled to 

the second conductive region. 

Micron Ex. 1076, p. 35 
Micron v. YMTC 
IPR2025-00190



 

 
- 35 - 

DECLARATION OF  
E. FRED SCHUBERT, PH.D. 

CASE NO. 3:23-CV-05792 
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
ORRICK, HERRINGTON & 

SUTCLIFFE LLP 
ATTORNEYS AT LAW 

SILICON VALLEY 

5 The apparatus of claim 2, wherein each of the first and second conductive 

regions comprises metal. 

7 The apparatus of claim 1, further comprising a data line coupled to the 

conductive channel, wherein the first and second memory cells are located 

between the data line and the substrate. 

8 The apparatus of claim 1, wherein the memory element comprises 

polysilicon. 

9 The apparatus of claim 1, wherein the memory element comprises a 

dielectric material. 

17[pre] An apparatus comprising: 

17[a] a first conductive pillar and a second conductive pillar extending 

outward from a substrate; 

17[b] a third conductive pillar and a fourth conductive pillars extending 

outward from the substrate; 

17[c] a region including a conductive material, the region coupled to the first, 

second, third, and fourth conductive pillars, the region located between 

substrate and the first, second, third, and fourth conductive pillars; 

17[d] a first memory cell string formed over the first conductive pillar; 

17[e] a second memory cell string formed over the second conductive pillar; 

17[f] a third memory cell string formed over the third conductive pillar; 

17[g] a fourth memory cell string formed over the fourth conductive pillar; 

17[h] a first data line coupled to the first and second memory cell strings, the 

first and second memory cell strings located between the first data line and the 

substrate; 

17[i] a second data line coupled to the third and fourth memory cell strings, 

the third and fourth memory cell strings located between the second data line 

and the substrate; 

17[j] a first control gate formed in a first device level; 
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17[k] a second control gate formed in a second device level, wherein, 

17[l] the first memory cell string includes a first memory cell having a 

memory element formed in a first cavity of the first control gate, and a second 

memory cell having a memory element formed in a first cavity of the second 

control gate; 

17[m] the second memory cell string includes a third memory cell having a 

memory element formed in a second cavity of the first control gate, and a 

fourth memory cell having a memory element formed in a second cavity of 

the second control gate; 

17[n] the third memory cell string includes a fifth memory cell having a 

memory element formed in a third cavity of the first control gate, and a sixth 

memory cell having a memory element formed in a third cavity of the second 

control gate; and 

17[o] the fourth memory cell string includes a seventh memory cell having a 

memory element formed in a fourth cavity of the first control gate, and an 

eighth memory cell having a memory element formed in a fourth cavity of the 

second control gate. 

18 The apparatus of claim 17, wherein the memory element of each of the 

first, second, third, and fourth memory cells comprises polysilicon. 

19 The apparatus of claim 17, wherein the memory element of each of the 

first, second, third, and fourth memory cells comprises a silicon nitride. 

20[a] The apparatus of claim 17, further comprising: a first conductive 

channel coupled to the first conductive pillar and extending between the first 

and second memory cells; 

20[b] a second conductive channel coupled to the second conductive pillar 

and extending between the third and fourth memory cells; 

20[c] a third conductive channel coupled to the third conductive pillar and 

extending between the fifth and sixth memory cells; and 
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20[d] a fourth conductive channel coupled to the fourth conductive pillar and 

extending between the seventh and eighth memory cells. 

E. DISPUTED TERMS 

113. I have been asked to provide my opinions regarding the parties’ proposed 

constructions for two claim terms of the ’903 patent.  Those terms are set forth below. 

i. “a cavity of the [first/second] control gate” (Claim 1) 

Micron’s Proposed Construction YMTC’s Proposed Construction 

Plain and ordinary meaning “a hole with a larger diameter than holes in the 
layers immediately above and below the 
[first/second] control gate” 

114. Claim 1 of the ’903 patent recites “a cavity of the first control gate” and “a cavity 

of the second control gate.” A POSITA would understand these phrases to have a plain and ordinary 

meaning, that is, a hole in a control gate. This is so because “hole” is the plain meaning of “cavity.” 

The American Heritage Dictionary (2009) (MYM0067565-567) (defining cavity as “[a] hollow; a 

hole”); Merriam-Webster’s Collegiate Dictionary (2006) (MYM0067568-570) (defining cavity as 

“an unfilled space within a mass; esp : a hollowed-out space”); Webster’s Third New International 

Dictionary (2002) (MYM0067571-573) (defining cavity as “a space hollowed out”). 

115. The specification of the ’903 patent uses the term cavity consistently with its plain 

meaning. For example, the specification explains that “forming holes [] results in forming 

cavities[].” ’903 patent, 7:27-46. Indeed, whenever the specification refers to a cavity, it is referring 

to a hole. Id., 4:53-56 (calling horizontally extending holes 420 cavities); 7:28-46 (referring to 

vertically extending holes 1110 and 1120 as cavities); 7:64-8:3, 8:27-50 (each referring to hole 

structures as cavities). 

116. YMTC’s proposed construction, “a hole with a larger diameter than holes in the 

layers immediately above and below the [first/second] control gate,” attempts to import an optional 

embodiment into the claims.  For example, the specification recites: 
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Forming cavities 1220 can include enlarging the size of cavities 1120 (FIG. 11) 
while keeping the size of cavities 1110 substantially unchanged (e.g., remaining 
substantially at diameter D1). For example, enlarging the size of cavities 1120 (FIG. 
11) can include selectively removing (e.g., selective wet or dry etching) a portion 
of each of materials 1002, 1004, and 1006 at each cavity 1120 (FIG. 11) such that 
the diameter of each cavity 1220 increases to substantially diameter D2, while the 
diameter D1 at each cavity 1110 remains substantially unchanged. 

Id., 7:49-59 (emphases added). A POSITA would understand this permissive language to allow but 

not require the creation of holes with different diameters, including enlarged holes in control gate 

layers. See Section IX.B., above. Indeed, had Micron intended to limit the claims to cavities of 

control gates to cavities that are enlarged relative to layers above and below it would have done so 

explicitly as it did in related application no. 16/125,242 which claimed: “enlarging a size of each 

of the initial cavities to form enlarged cavities.” MYM0092558 (7/18/2019 Amendment (Claims) 

in U.S. Pat. App. 16/125,242) at 4153. 

117. Accordingly, “a cavity of the first control gate” and “a cavity of the second control 

gate” should be assigned their plain and ordinary meaning which is “a hole in the first control gate” 

and “a hole in the second control gate,” respectively.   

ii. “a [first/second/third/fourth] cavity of the [first/second] control gate” 
(Claim 17) 

Micron’s Proposed Construction YMTC’s Proposed Construction 

Plain and ordinary meaning “a [first/second/third/ fourth] hole with a larger 
diameter than holes in the layers immediately 
above and below [first/second] the control 
gate” 

118. YMTC’s proposed construction of “a [first/second/third/ fourth] hole with a larger 

diameter than holes in the layers immediately above and below [first/second] the control gate” 

merely attempts to import the same embodiment of the specification discussed in Section IX.E.i., 

above, into the context of claim 17. See also Section IX.B., above. Nothing about the language of 

claim 17 indicates to a POSITA that “cavity” should have a different meaning than it does in claim 

1. 

119. Accordingly, “[a] first cavity of the first control gate”, “a first cavity of the second 

control gate”, “a second cavity of the first control gate”, “a second cavity of the second control 
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gate”, “a third cavity of the first control gate”, “a third cavity of the second control gate”, “a fourth 

cavity of the first control gate”, and “a fourth cavity of the second control gate[]” should be assigned 

their plain and ordinary meaning, which is: “[a] first hole in the first control gate”, “a first hole in 

the second control gate”, “a second hole in the first control gate”, “a second hole in the second 

control gate”, “a third hole in the first control gate”, “a third hole in the second control gate”, “a 

fourth hole in the first control gate”, and “a fourth hole in the second control gate[]”, respectively. 

X. THE ’941 PATENT 

A. The ’941 Patent’s Effective Filing Date 

120. I understand that the application leading to the ’941 patent was filed on September 

10, 2021.  I further understand that the patent is a division of application No. 16/827,734, filed on 

March 24, 2020, (which was issued as U.S. Patent No. 11,195,590 (“the ’590 patent”)) and claims 

priority to an earlier-filed PCT publication No. PCT/CN2020/074580, filed on February 10, 2020. 

121. For purposes of this declaration, I have been instructed to use February 10, 2020, as 

the priority date of the ’941 patent.  My opinions in this declaration were formed from the 

perspective of a POSITA as of February 10, 2020, including both the knowledge of a POSITA at 

that time as well as how a POSITA would have understood the ’941 patent. 

B. Overview of the ’941 Patent1 

122. The ’941 patent is titled “Memory Including a Plurality of Portions and Used for 

Reducing Program Disturbance and Program Method Thereof.”  ’941 patent, Cover.  The U.S. 

application that resulted in the ’941 patent was filed on September 10, 2021, and was based on a 

PCT application filed February 20, 2020.  Id. 

123. The specification of the ’941 patent discusses “[p]rogram disturbance” and “pass 

voltage disturbance” problems that “lead to a higher failure rate of programming a memory.”  

Id.,1:34-38.  It is worth noting that pass voltages are applied to the cell memory string during both 

the programming pulse cycle and the verification pulse cycle of the programming operation. 

 
1 I have reviewed Dr. David Kuan-Yu Liu’s declaration in support of Micron’s Petition for Inter 
Partes Review of the ’941 Patent submitted as Exhibit 1004 to Micron’s petition in Case No. 
IPR2025-00190.  Finding his summary accurate to my own review of the ’941 patent I am 
adopting his summary of the ’941 patent. 
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124. To supposedly try and address these challenges, the ’941 specification proposes 

applying various voltages to particular wordlines when programming the cells in the memory string.  

See generally ’941 patent.  I note that the ’941 specification fails to disclose any actual voltage 

levels to be applied to the wordlines as part of its alleged solution.  Id.  Even relative voltage levels 

are only given in rare instances.  See, e.g., id., 1:66-67 (“The fifth voltage is lower than the fourth 

voltage.”).  There are no voltages identified (even relative voltages) in the specification for the 

memory cells that are directly adjacent to the cell being programmed.  Consistent with this lack of 

disclosure, the ’941 specification mentions that “experiments” and “simulations” were performed, 

without disclosing what the experiments and simulations were or any results therefrom.  Id., 6:39-

43.  More generally, the ’941 specification gives no explanation at all of how its programming 

method(s) allegedly reduce program disturbances and pass voltage disturbances.  See generally 

’941 patent. 

125. It is helpful to understand how the ’941 patent identifies wordlines before discussing 

the topic of programming voltages.  In the ’941 patent, the memory cell being programmed is 

identified by the index “x,” and “WLx” refers to the wordline for that cell.  Id., Abstract, 3:9-11.  

Other wordlines are identified relative to the location of the memory cell “x.”  As an example, 

WL(x+1) and WL(x-1) refer to the wordlines immediately above and below WLx, respectively.  

See id., Figs. 1-5, and 7-11.  This pattern continues for other wordlines such as WL(x+2) and WL(x-

2), as an excerpt of Figure 1 below shows. 
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’941 patent, Fig. 1 (excerpted). 

126. The ’941 patent uses a different numbering approach to identify what it calls 

“portions” of a memory string (along with the corresponding wordlines for any cells that are part 

of that “portion”).  The ’941 patent identifies a “portion” as a contiguous group of memory cells 

(and their corresponding wordlines).  See id., Figs. 1-11.  To show what “portion” a wordline 

belongs to, the ’941 patent uses the variables “k” and “m” (and in some embodiments “n”).  Id.  As 

with the variable “x,” an increment of “+1” identifies the wordline immediately above “k,” “m,” 

etc., and a decrement of “-1” to denote the wordline immediately below.  See id., Figs. 1-11.  As an 

example, in the excerpted version of Figure 1 below, the “first portion 110” “include[s] a first 

wordline WL1 to a kth wordline” and “second portion 120” includes “wordline WL(k+1) to an mth 

wordline WLm.”  Id., 2:63-3:3. 
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Id., Fig. 1 (excerpted and annotated). 

127. The ’941 patent applies both of these numbering schemes to a single memory stack 

to identify in which “portion” a cell is being programmed.  Comparing Figures 1 and 2 below 

demonstrates this where the wordline of the cell being programmed (WLx) is in the first portion 

110 in Figure 1, but in Figure 2 the wordline used for programming “WLx is located in the second 

portion 120.”  Id., 3:26-28. 

 

Id., Figs. 1 and 2 (excerpted and annotated). 
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128. Turning now to the programming pulses applied during the program operation, the 

’941 patent says the voltage “Vpgm” is applied to the wordline for the cell being programmed.  Id., 

3:9-11 (“When an xth wordline WLx is used to performed a program operation, the controller 190 

may apply a program voltage Vpgm to the xth wordline WLx”); Figs. 1-5 and 7-11.  The other 

wordline voltages are all generically referred to as “first voltage V1,” “second voltage V2,” “third 

voltage V3,” etc.  See, e.g., id., 3:11-16.  As noted above, the ’941 patent fails to disclose any actual 

values (or even ranges) for these generic voltages.  Further, the ’941 patent is silent regarding the 

relationships (e.g., whether the values can be the same, overlap, are mutually exclusive, etc.) 

between V1, V2, V3, etc. with only very limited exceptions.  It is worth reiterating that these are 

frequently the voltages of the wordlines for the cells that are directly adjacent to the cell being 

programmed. 

129. In some embodiments, a named voltage is applied to a singular wordline, and in 

other embodiments, the named voltage is applied to multiple wordlines.  See id., Fig. 1-5 and 7-11.  

Figure 1 below is an example where the “first voltage V1” is applied from WL1 to WL(x-2), 

“second voltage V2” is applied to WL(x-1), Vpgm is applied to WLx, V3 is applied to WL(x+1), 

and V4 is applied from WL(x+2) to WLm.  Id., 3:11-21.  Figure 2 is the same, except that WLx is 

in the second portion 120.  See id., 3:28-30, Fig. 2. 

 

Id., Figure 1 (annotated). 
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130. I flag one other example here (Figure 8) to show that the voltage label assignments 

V1, V2, V3, etc. in the ’941 patent are rather arbitrary as they differ significantly from the 

assignments in Figures 1 and 2.  In Figures 7-11, the prefix “7” is appended to the front of the 

generic voltage names, calling them V71 (first voltage), V72 (second voltage), V73 (third voltage), 

etc.  Id., 4:37-61.  Unlike Figure 1, the second voltage in Figure 8 is located above the cell being 

programmed and the third voltage is below the cell being programmed.  Id., 4:37-61, Fig. 8. 

 

Id., Fig. 8 (annotated).  As I discussed above, only in rare instances are relative voltage levels 

specified, but Figure 8 is one such example that requires the fifth voltage to be less than the fourth 

voltage.  Id., 4:60-61. 

131. The last concept I will discuss is associated with the ’941 patent’s “first voltage.”  

The ’941 patent states that “the first voltage V1 may have a first level if the xth wordline WLx is 

in the first portion 110 and a second level if the xth wordline WLx is in the second portion 120, 

where the first level may be lower than the second level. For example, the first voltage V1 in FIG. 

1 may have a lower value than the first voltage V1 in FIG. 2.”  Id., 3:35-41.  In other words, as 

programming advances up a memory string (e.g., from the source end to the drain end), the pass 

voltage that is applied to the previously programmed cells may increase. 
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C. The Prosecution History of the ’941 Patent 

132. I also reviewed the prosecution history for the ’941 patent.  The ’941 patent is a 

divisional of U.S. Patent No. 11,195,590.  ’941 patent, Cover.  The file history is rather short, as 

the claims in the patent were the result of a first-action allowance.  See ’941 Patent File History, 

10/4/2022 Notice of Allowance.  I noted that the Examiner’s reasons for allowance in the ’941 

patent just recited most of the claim language for each independent claim without identifying any 

specific point of novelty.  Id. 

D. The Relevant Claims of the ’941 Patent 

133. I understand that claims 4 and 10 of the ’941 patent are asserted in this case.  Because 

claim 4 depends on claim 1 and claim 10 depends on claim 5, I also include those claims below as 

“relevant” claims but understand that they have not been asserted. 

1[pre] A memory comprising: 

1[a] a first portion comprising an (m+1)th wordline to an nth wordline from 

bottom to top; and 

1[b] a second portion formed below the first portion and comprising a (k+1)th 

wordline to an mth wordline from bottom to top; and 

1[c] a controller configured to apply a first voltage to an (x+2)th wordline to 

the nth wordline, a second voltage to an (x+1)th wordline, a third voltage to an 

(x−1)th wordline, a fourth voltage to the (m+1)th wordline to an (x−2)th 

wordline, and a fifth voltage to the (k+1)th wordline to the mth wordline when 

an xth wordline is used to perform a program operation; 

1[d] wherein x, k and m are integers, 0≤k<m, (m+2)<x<(n−1), and the fifth 

voltage is lower than the fourth voltage. 

4[pre] The memory of claim 1, further comprising: 

4[a] an upper dummy wordline formed below the first portion; 

4[b] a lower dummy wordline formed above the second portion; and 

4[c] a joint oxide layer formed between the upper dummy wordline and the 

lower dummy wordline; 

Micron Ex. 1076, p. 46 
Micron v. YMTC 
IPR2025-00190



 

 
- 46 - 

DECLARATION OF  
E. FRED SCHUBERT, PH.D. 

CASE NO. 3:23-CV-05792 
  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
ORRICK, HERRINGTON & 

SUTCLIFFE LLP 
ATTORNEYS AT LAW 

SILICON VALLEY 

4[d] wherein the memory has a two-deck structure. 

5[pre] A program method of a memory, the memory comprising a first 

portion and a second portion, the first portion comprising a first wordline to a 

kth wordline from bottom to top, the second portion formed above the first 

portion and comprising a (k+1)th wordline to an mth wordline from bottom to 

top, the program method comprising: 

5[a] applying a first voltage to the to the first wordline to an (x−2)th wordline 

when an xth wordline is used to perform a program operation; 

5[b] applying a second voltage to an (x−1)th wordline; and 

5[c] applying a third voltage to an (x+1)th wordline; 

5[d] wherein x, k and m are positive integers, 1<k<m and 3≤x. 

10[pre] The program method of claim 5, wherein the memory further 

comprises: 

10[a] a lower dummy wordline formed above the first portion; 

10[b] an upper dummy wordline formed below the second portion; 

10[c] a joint oxide layer formed between the lower dummy wordline and the 

upper dummy wordline; 

10[d] wherein the memory has a two-deck structure. 

E. DISPUTED TERMS 

134. I have been asked to provide my opinions regarding the parties’ proposed 

constructions for one claim term of the ’941 patent.  That term is set forth below. 

i. “from bottom to top” (Claims 1, 5) 

Micron’s Proposed Construction YMTC’s Proposed Construction 

Plain and ordinary meaning Plain and ordinary meaning, i.e., from lowest 
to highest 

135. Both Micron and YMTC propose that this term be given its plain and ordinary 

meaning, but YMTC proposes that the plain and ordinary meaning is “from lowest to highest.”  As 

I discuss below, YMTC’s proposed plain and ordinary meaning does not provide meaningful 
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guidance in the application of the claim terms because it is ambiguous, and it is not how a POSITA 

would have understood the term. 

136. It is not clear what YMTC means by “lowest” or “highest.”  For example, it’s 

possible that YMTC is referring to spatial locations (i.e., the lowest may be the lowest point on a 

vertical or z-axis), but it is also possible that YMTC is referring to the ordinal location (i.e., in a 

span of elements (e.g., wordlines) 1 through 10, 1 would be the “lowest” and 10 would be the 

“highest”).  Even with respect to a spatial location such as the z-axis, YMTC’s proposed 

construction is ambiguous because if it were adopted it would not provide clear guidance as to what 

wordline is meant by “bottom” (“lowest”) or “top” (“highest”).  Specifically, YMTC’s construction 

would depend on the orientation of a memory chip (e.g., it could be rotated or flipped, resulting in 

multiple different “bottom” or “top” reference points).  Instead of this, a POSITA would have 

understood “from bottom to top” to have the meaning I discuss below, which clearly indicates what 

wordline is the “bottom” and what wordline is the “top” in the context of the claims. 

137. As an initial matter, the claims 1 and 5 of the ’941 patent (where the phrase “bottom 

to top” first appears) are not limited to 3D NAND.  Specifically, the claims simply recite “[a] 

memory” (claims 1) and “[a] program method of a memory” (claims 5).  They do not recite 2D or 

3D memory, and would not be limited to a particular memory architecture.  Indeed, the specification 

only mentions such details in the “Description of the Prior Art” in which it referenced the 

development of “three-dimensional stack NAND” which was developed to “increase the capacity 

of [] memory.”  ’941 patent, 1:24-41.  And the Field of Invention states: “The disclosure is related 

to a memory and a program method, and more particularly, a memory including a plurality of 

portions and used for reducing program disturbance and a program method thereof.”  And the Title 

is: “MEMORY INCLUDING A PLURALITY OF PORTIONS AND USED FOR REDUCING 

PROGRAM DISTURBANCE AND PROGRAM METHOD THEREOF.”  Thus, a POSITA would 

not have understood that the patentee was limiting the claim scope to 3D memory. 

138. Because of this, I address how this term would have been understood in both the 2D 

and 3D memory context.  As described below, the plain and ordinary meaning of “from bottom to 

top” is readily apparent in both contexts. 
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139. As described below, it would have been readily apparent to a POSITA what the 

“bottom” and “top” sides of a NAND memory string refer to.  Going back many years, for both 2-

D and 3-D NAND memory, the “source” and “drain” ends of a memory string were commonly 

referred to in the art as the “bottom” and “top,” respectively.  This is true regardless of the 

orientation of the memory chip and applies equally to both 2-D and 3-D memory.  Indeed, even in 

terms of memory arrays generally a POSITA would have known that the terms “top” and “bottom” 

were used to indicate the position of wordlines.  See, e.g., MYM0094308 (U.S. Patent No. 

6,961,805 to Lakhani), 1:50-54.   

140. Thus, it is my opinion that a POSITA would have understood the plain and ordinary 

meaning of “from bottom to top” to mean from the source side (the bottom in the ’941 patent’s 

illustrations) to the drain side (the top in the ’941 patent’s illustrations).  I should explain that when 

I say “source side” I mean to say that “bottom” refers to the side that is closest to the source side, 

not that “bottom” has to be at the source side.  Similarly, “top” refers to the side that is closest to 

the drain, not that the “top” has to be at the drain.  This understanding is consistent with the wealth 

of extrinsic evidence, including other YMTC patent applications (discussed below) involving the 

same inventors listed as named inventors of the ’941 patent. 

141. After examining the intrinsic evidence (including the ’941 patent’s claims, 

specification, and file history), it is clear that the ’941 patent does not contain helpful information 

in defining the “bottom” or “top” from a structural perspective.  That is, the ’941 patent itself does 

not provide disclosures that help the reader understand where in a NAND memory device (whether 

2D or 3D) is the “bottom” or “top” as recited in the claims.  Nor does the ’941 patent provide any 

information which suggests a definition of the term different from how a POSITA would have 

understood how it is used in the context of the claims, and in the industry generally.  For example, 

I note that there is no figure in the ’941 patent showing a complete structural diagram of a NAND 

memory device, nor is there a discussion of other structural elements of a NAND memory device 

which otherwise might have helped the reader understand to what in the NAND memory device 

“bottom” and “top” may refer.  See generally ’941 patent; ’941 Patent File History.  Rather, the 

figures are all illustrative of the wordlines in a memory for purposes of explaining the grouping of 
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the wordlines and the relative voltages applied to those wordlines.  ’941 patent, Figs. 1-11.  Thus, 

it is useful to examine the types of literature and other resources which will show what a POSITA 

would have understood “bottom” and “top” to mean in the context of the claims (i.e., in relation to 

the wordlines and memory strings in a NAND memory device).  Indeed, the fact that the ’941 

patent’s first portion can be below and above the second portion (compare Fig. 1 with Fig. 7) 

demonstrates that there is no unique positional relationship between the portions. 

142. In the 2-D context, a POSITA would have understood that the “bottom” typically 

refers to the wordline closest to the source side of the string while the “top” typically refers to the 

wordline closest to the drain side of the string.  This is supported by the wealth of NAND literature, 

some of which I discussed in Section VII.  For example, the Aritome textbook referred to in that 

section shows a string of cells with wordlines where the bottom of the string (where the bottom 

wordline is “WL0”) is nearest to the source and the top of the string (where the top wordline is 

“WL31”) is at the drain: 

 

Aritome, MYM0027842; see also id., MYM0027843.  The acronyms SGS and SGD were well-

known to POSITAs and refer to Select Gate Source (SGS) and Select Gate Drain (SGD).  Naturally, 

the “bottom” wordline nearest the source is WL0 and the “top” wordline nearest the drain is WL31. 
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143. Other textbooks discussing 2D NAND strings depict the same arrangement.  Below 

is another NAND string where the “bottom” wordline nearest the source is WL<0> and the “top” 

wordline nearest the drain is WL<63>.  In the image below “DSL” refers to Drain Selection Line 

and “SSL” refers to Source Selection Line.  See MYM0033558 (“Micheloni Inside NAND”) at 

3588, 3985, 4110. 

 

Id., MYM0033588. 

144. Consistent with the textbooks cited above, patents filed by developers of NAND 

memory show that the “bottom” of a 2D NAND string refers to the “source” side of the string and 

the “top” refers to the other, or “drain,” side of the string.  For example, U.S. Patent No. 7,672,165 

to Pham et al. (“Pham”) is a patent directed to “[a] NAND flash memory device” and depicts 2D 
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NAND strings.  MYM0094334, Abstract, Fig. 2A, 3A.  Pham states that “NAND arrays are well 

known in the art and are widely utilized in various consumer devices.”  Id., 1:38-2:9.   

 

Id., Fig. 2A.  Pham states that “top and bottom of the string connect to the bit line and a common 

source line respectively.”  Id., 1:59-63 (emphasis added).  Furthermore, Figure 2A again uses the 

common acronyms “SGS” and “SGD” which a POSITA would have understood refers to Select 

Gate Source (SGS) and Select Gate Drain (SGD). 

145. Similarly, U.S. Patent No. 9,230,658 to Han (“Han”) uses the term “top” and 

“bottom” in relation to NAND string wordlines, where wordlines near the “bottom” are those closer 

to the source and wordlines near the “top” are those closer to the drain.  Han states that “data is 
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written on a memory block in a bottom-up fashion, starting from memory cells on or near the 

lowermost (or bottom) wordline. Then data is sequentially written page-by-page on memory cells 

on wordlines above the lowermost wordline until memory cells on the uppermost (or top) wordline 

are filled up.”  MYM0094350, 3:25-33. 

  

Id., Figs. 2A, 3.  Viewing Figures 2A and 3 side by side reveals that what Han refers to as the 

“bottom” (at WL0) is the side of the string closest to SGS, which a POSITA would have understood 

to be the Select Gate Source.  What Han refers to as the “top” (at WLn) is the side of the string 

closest to SGD, which a POSITA would have understood to be the Select Gate Drain. 

146. Thus, in the 2D memory context, a POSITA would have understood that the 

meaning of “from bottom to top” to mean from the source side to the drain side. 

147. In the 3D memory context, this same plain and ordinary meaning applies.  For 

example, literature such as Micheloni 3D Flash likewise uses the same “bottom” and “top” 

terminology with reference to the source and drain ends, respectively: 
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Micheloni 3D Flash, MYM0033330.  Figures 5.30 and 5.31 both show a NAND memory string 

where the bottom of the string is closest to the Source.  See also id., MYM0033326, 33331, 33334. 

148. Numerous other references confirm the same common usage for both 2-D and 3-D 

memory.  For example, U.S. Patent No. 9,613,704 (“the ’704 patent”) is titled “2D/3D NAND 

memory array with bit-line hierarchical structure for multi-page concurrent SLC/MLC program 

and program-verify,” and expressly applies to both 2D and 3D NAND memory.  MYM0094365, 
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6:65-7:2 (“the terms of ‘2D’ or ‘3D’ NAND flash means any part or whole of either NMOS or 

PMOS NAND cell device, component, die or chip made of any varied kinds of two-dimension or 

three-dimension manufacturing process”).  The ’704 patent explains that “each conventional 

NAND String is made of M NAND cells that are connected in series.”  Id., 1:40-41.  The ’704 

patent states that “each String comprising M cells connected in series and capped by a top String-

select transistor and a bottom String-select transistor, the top String-select transistor connecting its 

drain to one corresponding [bit line], the bottom String-select transistor connecting its source to a 

common source line.”  Id., 121:41-46.  Even though the ’704 patent provided more flexibility 

regarding the order in which memory cells could be programmed and erased, it did not change the 

“conventional” terminology of programming from “bottom of a NAND String to top of NAND 

String,” which it consistently describes as source-to-drain.  Id., 10:23-26. 

149. Other extrinsic evidence supports the common and consistent usage of the bottom 

(source) and top (drain) terminology across both 2-D and 3-D memory.  In fact, much of the 

terminology for 3-D NAND derives directly from 2-D NAND, including the term “memory string” 

with its concomitant source/drain ends.  As explained in Section VII, one way of conceptualizing 

the move from 2D NAND to 3D NAND is tilting a 2-D memory string on its end to orient the string 

vertically rather than horizontally.  This is shown again with reference to a figure from the 

Micheloni Inside SSDs textbook, where the source line selector is at the bottom of the NAND 

memory string. 
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MYM0034141 (“Micheloni Inside SSDs”) at 262. 

150. Furthermore, the POSITA’s understanding of bottom/top as source/drain ends is 

supported by other patent applications filed by YMTC with some of the same named inventors as 

those listed as named inventors of the ’941 patent.  For example, U.S. Patent Application No. 

2021/0158880 lists XiangNan Zhao and Yali Song as inventors.  MYM0091776 (“the ’880 patent 

publication”).  These two individuals are two of the three named inventors listed on the cover of 

the ’941 patent.  ’941 patent, Cover Page.  The ’880 patent publication is “related to a method of 

programming and verifying a memory device and related memory device.”  The ’880 patent 

publication, [0002]. 
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’880 patent publication, Fig. 1.  In conjunction with the above “diagram illustrating a NAND string” 

the ’880 patent publication states that there is a “top select gate SG_T (on the drain side) and a 

bottom select gate SG_B (on the source side).”  Id., [0018]; see also id., [0020]-[0021].  This 

confirms that a POSITA would have understood that in the context of a NAND memory string in 

general (e.g., whether a 2D or 3D memory structure), the “top” refers to the drain side and the 

“bottom” refers to the source side. 

151. The extrinsic evidence textbooks consistently identify the source side of the NAND 

memory string as being the bottom.  For example, Micheloni 3D Flash states “[t]he bottom of the 

memory string is connected to the common source diffusion, which is formed on the silicon 

substrate.”  Micheloni 3D Flash, MYM0033268-269. 
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152. Aritome states that “[t]he bottom of memory string is connected to the common 

source diffusion formed on the silicon substrate.”  Aritome, MYM0028100. Aritome provides a 

depiction of the structure showing this: 

 

Id., MYM0028112.  This figure shows that the “bottom of memory string is connected to the 

common source line (CSL) diffusion.”  Id. 

153. Next, the text Vertical 3D Memory Technologies by Betty Prince states—in a 

section on Vertical NAND Flash—“The bottom of [a NAND string pillar] is connected to the 

common source diffusion.”  MYM0091817 (“Prince”) at 949, 957; see also id., MYM0091972-73. 

154. Another problem with YMTC’s proposed construction is that it is non-sensical in 

the context of 3-D NAND memory that employs a “U-shaped” memory string architecture as 

shown, for example, in Fig. 1D of U.S. Patent No. 9,530,492 (“the ’492 patent”) (MYM0038652-
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728), reproduced below.  ’492 patent, 12:46-48 (“[Fig. 1D is] a cross-sectional view of 

a memory unit device configuration of a conventional U-shape vertical-

channel 3D memory String that comprises eight 3D NAND cells.”).  YMTC’s notion of “lowest to 

highest” does not make sense here because there are multiple cells in the same memory string at 

the same vertical z-axis dimension.  But the ’492 patent does disclose a “drain-string-select 

transistor 81 and one source-string-select transistor 82 respectively coupled at two ends,” which 

provide the requisite reference points.  Id., 20:8-11. 

 

155. Yet another problem with YMTC’s proposed construction is that it ignores various 

types of 3D NAND memory, such as are described in U.S. Patent No. 10,235,294 (“the ’294 

patent”) (MYM0094237-272), which discloses that “a 3D memory structure may be vertically 

arranged as a stack of multiple 2D memory device levels” (’294 patent, 8:62-64) and that “in a 3D 

NAND memory array, the memory elements may be coupled together to form a NAND string 

within a single horizontal (e.g., x-y) memory device level” (id., 9:7-10).  Again, in this 

circumstance, YMTC’s proposal makes no sense, but a POSITA’s understanding of source/drain 
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as the bottom/top of a memory string does make sense.  YMTC’s apparent focus on physical 

positional relationships (bottom, top, lowest, and highest) is in conflict with the positional 

relationships of, for example, 2-D NAND technology where YMTC’s bottom and top are at the 

same physical level (at the surface of the substrate).  I further note that the ’294 patent states “[t]he 

bottom (or source end) of each NAND string is in contact with the well region, and the top end (or 

drain end) of each NAND string is connected to a respective bit line,” confirming this typical usage.  

Id., 12:53-56.  Moreover, in the ’294 patent, “[t]he memory structure can be 2D or 3D.” Id., 6:14. 

156. I understand that YMTC cites to the Merriam Webster Dictionary (2016) (YMTC-

MICRON-PA_0010352) in support of its proposed construction.  However, the definition it 

provides is not in the context of NAND memory and does not reflect the plain and ordinary meaning 

as would be understood by a POSITA as I discuss in this section.  That is, this dictionary defines 

“top” as “the highest part, point, or level of something” and “the upper end, edge, or surface.”  Id., 

YMTC-MICRON-PA_0010356.  It defines “bottom” as, e.g., “the lowest part or place.”  Id., 

YMTC-MICRON-PA_0010355.  While it may sometimes be the case that the “top” wordline is 

physically near the “highest part, point, or level” of a NAND chip along a z-axis (i.e., if that is 

where the drain is located), that is not in any way definitional of “bottom to top” as used in the ’941 

context of a NAND memory string or wordline.  The same is true for YMTC’s general purpose 

dictionary definition of “bottom.”  It may sometimes be the case that the “bottom” wordline is near 

the physical bottom of a chip along a z-axis (i.e., if that is where the source is located), but that is 

merely coincidental, not definitional.  And YMTC’s dictionary definition makes no sense in the 

context of planar 2-D NAND or various 3-D NAND architectures (like the U-shaped memory 

string) already discussed.  Thus, to the extent YMTC’s construction is using “lowest” and “highest” 

to define the physical positional coordinates (such as along a z-axis) of the wordlines in a NAND 

memory, YMTC is incorrect because that is not how a POSITA would have understood the term in 

the NAND memory context. 

157. The various textbooks and the exemplary YMTC patent publication discussed above 

convey a consistent understanding.  That is, when one talks about the “bottom” of a NAND memory 

string (or the wordlines) without any further contextualization or redefinition of that term “bottom”, 
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a POSITA would have understood that to be the source side in the context of both 2D and 3D 

NAND memories.  Likewise, without any further contextualization or redefinition, a POSITA 

would have understood the term “top” to mean the drain side in the context of both 2D and 3D 

NAND memories.  Therefore, the plain and ordinary meaning of “from bottom to top” as 

understood by a POSITA would have been “from the source to the drain side.” 

Executed on the 31st day of January, 2025, in Troy, New York. 

 

I declare under penalty of perjury that the foregoing is true and correct.  
  

 
      

E. Fred Schubert, Ph.D. 
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I declare under penalty of perjury under the laws of the State of California and the United 

States that the foregoing is true and correct. 
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