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I, Steven Przybylski, declare as follows:
I INTRODUCTION
1. Netlist, Inc. has retained me to provide testimony regarding the

technology involved in U.S. Patent No. H0693;41-79,858,215 (“the *44+7215 Patent”)
and how

it compares with the asserted art.

2. [ am being compensated for my work in this matter at my standard
hourly rate for consulting services. My compensation is not dependent on the
outcome of the case and does not affect the substance of my statements in this
Declaration. I have no financial interest in the matter or the patents at issue.

3. I have reviewed the specification and the claims of the *41-7215 Patent.
[ am familiar with the technology involved therein, having worked in the field
for the past 33 years.

4, To prepare this Declaration, I have considered the petition, Dr.
Andrew Wolfe’s declaration and deposition testimony, the exhibits already
submitted, my own experience and knowledge, and the documents cited herein.
I provide my testimony from the perspective of a person of ordinary skill in the
art at the time of the invention. I was at least a person of ordinary skill in the art
at the time of the invention. I am familiar with the knowledge and skill level of
these people at the time of the invention because I was intimately involved in the

industry at the time and had frequent interactions with such people at the relevant
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meaning of the terms from the perspective of a person of ordinary skill in the art
in light of the specification and other intrinsic evidence.
II. EXPERT QUALIFICATIONS AND COMPENSATION

5. Below is a summary of my education and experience. My
curriculum vitae, included as Appendix A hereto, records my education,
experience, and publications in greater detail.

6. I earned a Bachelor of Applied Science from the University of
Toronto in 1980. I was enrolled in the Engineering Science program, completing
a course of study combining the Electrical Engineer and Computer Science
options.

7. I earned a Master of Science in Electrical Engineering degree and a
Ph.D. in Electrical Engineering in 1982 and 1988 respectively, both from
Stanford University.

8. I also earned a Masters of Business Administration from the Haas
School of Business at the University of California at Berkeley in 2000.

0. I have extensive experience with memory semiconductor integrated
circuits and the memory systems constructed of them. At Stanford, my
dissertation was on the optimization of single- and multi-level cache hierarchies
to maximize system-level performance. Also at Stanford, I was a member of the

-— Netlist EX2024
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core team that architected, designed, built, and tested the seminal MIPS

processor. | was responsible for the design of the instruction decode and control
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units as well as architecting the virtual memory support. I assembled and
debugged the entire microprocessor design and oversaw its fabrication and
testing. In 1984 and 1985, I took a leave of absence from Stanford to become a
member of the founding team of MIPS Computer Systems, a startup in California
that designed, built, and sold processors and computer systems. In 1989, after
finishing my doctorate and brief post-doctorate at Stanford, I returned to MIPS
Computer Systems. Throughout my two periods of employment at MIPS
Computer Systems, I had a number of titles and worked on a variety of projects.
Noteworthy were stints as processor architect, systems architect, hardware-
software team liaison, and Chief Scientist of the High-End Systems group.
During the second period, I also served as a Consulting Assistant Professor in
the Department of Electrical Engineering at Stanford. I designed and taught an
advanced graduate level course on cache and memory system design.

10.  In 1991, I left MIPS to become an independent consultant. In that
capacity I have provided technical, strategic, marketing, and intellectual property
services to a large number of clients both domestically and internationally.

11.  Tam a member of both the Institute of Electrical and Electronics

Engineers (IEEE) and the Association of Computing Machinery (ACM). In
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addition, in 1997 I became a registered patent agent. [ am listed as the inventor

on 11 domestic patents and their foreign counterparts. The subject matters
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include memory devices, memory subsystems, networks, error detection and
correction codes, processors and cache memories. Between 1994 and
approximately 2000, I was a leading independent analyst following, writing, and
teaching about both the technical and business aspects of the DRAM industry.
Overall, I have written three books and over 25 articles in the areas of memory,
processors, and computer systems. In particular, I wrote and revised an 850-page
book entitled “New DRAM Technologies: A Comprehensive Analysis of the
New Architectures.” I have presented many lectures, classes and seminars on
semiconductor memories and their memory systems, processors and computer
systems. | have presented full and half-day seminars on discrete and embedded
DRAMSs to over 2,500 engineers, marketers, managers, and financial analysts.
III. TECHNOLOGY BACKGROUND
A. DRAMs
1. DRAM Basics
12. The term DRAM is an acronym for Dynamic Random Access
Memory. A DRAM is a semiconductor memory device and an integrated circuit,
with a DRAM die enclosed in a package. It is a random access memory in that,
subject to certain restrictions, the storage locations, each of which store a single
— Netlist EX2024
Samsung-v-Netlist
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they do not store the information written to them for very long — only a few tens
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of milliseconds. In order for the storage cells to retain the information for longer,
the storage cells need to be periodically refreshed.

13. Logically the storage cells within a DRAM are arranged in a
collection of arrays organized into rows and columns. At the intersection of each
row and column is a storage cell. Figure 7.3 from Memory Systems; Cache,

DRAM, Disk illustrates this logical organization.
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Ex. 1070, p. 317.
14.  The collection of cells in one logical memory array is called a bank,
and a DRAM can contain a number of banks. Each of the banks is given a unique
identifier or address; each row in the logical array is also given a unique row
address and each column is given a unique column address. Each storage cell is
therefore uniquely identified by the aggregation of a bank address, a row address,
and a column address. Netlist EX2024
Samsung-v-Netlist
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15. Most DRAMSs have a fixed “width” which 1s the number of bits that

can be input or output from the DRAM simultaneously on that many discrete I/O
lines. For example, a DRAM with 4 I/O lines is called a “by 4” DRAM, and this
is represented symbolically with “x4”. Since each collection of 4 bits is always
accessed together, they are jointly assigned a single column address.

16.  Thus, for example 2Gb (giga-bit) DDR4 SDRAM with 2 billion
storage cells (actually 2,147,483,648 storage cells) in a 256M x 4 configuration
is organized as 8 banks, each logically organized with 32,768 row, each with
4096 storage cells on it. Thus each row in a bank is identified by a 14 bit row
address. Each row logically organized into 2,048 groups of 4 cells. Each group
of 4 bits is input or output together, and each group is identified by a column
address that is 11 bits wide. Ex. 2002 p. 7.

17.  Accessing specific storage cells involves a two-step process. First
the row that the storage cells are included in must be activated with an activate
command that specifies the row to be accessed. This brings all the information
from all of the storage cells in that row into the sense amplifiers, illustrated in

the Figure 7.3 above from Ex. 1070. Once that operation is complete, then those
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sense amplifiers can be read and written with read and write commands, each of
which specifies a column address. Because read and write commands access

specific columns within the currently activated row, they are called column
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access commands. Multiple reads and writes can be performed on the activated
row while it is activated. Once all of the desired reads and writes to that row have
been completed, the bank must be precharged before another (different) row can
be activated for reading and writing. Precharging ensures that the information
for the currently activated row is safely stored in storage cells for that row, the
row is deactivated, and the bank is in a state in which it is ready for the next
activation command.

18.  Modern DRAMs are generally burst devices. That means that not
only are multiple bits input and output in parallel, but each read or write
command causes multiple such groupings to be input or output. For example, if
an x8 DRAM is performing bursts of 4, a read to column 16 would output the 8§
bits that shared that column address immediately followed by the 8 bits with
column address 17, then 18, then 19. In total 32 bits of information would be
output in 4 chunks of 8 bits in rapid succession all from one read column access
command.

2. JEDEC-Standardized SDRAMs

19.  JEDEC (the Joint Electron Device Engineering Council) is an
independent standard-setting organization. It develops standards for a host of
semiconductor memory and non-memory products through the cooperative
efforts of its member companies. With regard to the standards it develops

pertaining to DRAMs and memory modules, standards are developed through
- - Netlist EX2024
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the input, critique and refinement the best and most experienced engineers from
both semiconductor manufacturers and many systems companies

(https://www.jedec.org/about-jedec/member-list). These JEDEC meetings are

where these two bodies of knowledge are brought together to create standards
that are both technically effective for use in systems and cost-effectively
manufacturable by the semiconductor vendors. These standards include
specifications necessary to ensure multiple-sourcing of compliant parts. These
standard include the physical, mechanical, electrical, temporal and/or behavioral
aspects of the devices standardized.

20.  In the present matter, based on the Petition, JEDEC standards are at
issue in relation to two generations of DRAMs, called DDR SDRAMs and
DDR2 SDRAMs. The standard that define the interfaces and behaviors of the
former are designated JESD79 with different iterations of the standard having a
letter suffice. Specifically, the first DDR SDRAM standard, release in June
2000, was JESD79. Subsequent revisions were JESD79A through JESD79F,
released in February 2008. For the most part, the revision did not include
substantial or significant changes. The subsequent generation of SDRAMs are
called DDR2 SDRAMs and the standards that define their interfaces and
behavior are designated JESD79-2. The first one, JESD79-2, was released in

IPR2023-00455
Patent No. 9.858.215

September 2003, and the most recent was JESD79-2F, which was released in

- - Netlist EX2024
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a)  DDR2 SDRAMs

21. A POSTIAPOSITA would recognize that DDR2 SDRAMs refer to
certain

synchronous DRAMs standardized by JEDEC. BBR2-SDRAMs are part of a
larger

targer-family of synchronous DRAMs that are differentiated from the
asynchronous

asynehrenous-DRAMSs standardized by JEDEC. DDR2 SDRAMSs and all
SDRAMs are

SBRAMs-are-synchronous devices in that they receive a clock signal (in
some_cases

eases-differentially) that is used to synchronize operations and address, control and/or

and/er-data transfers.

(1)  Pin-level and Physical Interfaces
22. DDR2 SDRAMs all have the same pins, or connections, to the rest

of the system. They are all defined in Section 1.2 of JESD72-2:

- - Netlist EX2024
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23.  The packages that DDR2 SDRAMs are put into are also defined
and the location of each of the defined pins is specified. Any DRAMs that have
fewer or additional signal or supply pins or have signals assigned to other
locations in the packages would not be compliant with this standard and would
not be DDR2 SDRAM:s.
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24. _Characteristic siinals included in every DDR2 SDRAM are CK and

CK ( in Section 1.2, above); RAS@@W(G
FOIOTIOIO 5
Command Inputs in Section 1.2 above); A) 5 @ @,@@d AO-

A15 (3 bank address inputs and 16 address inputs used for row addresses and

column addresses); DQ (the bi-directional data bus, the width of which is the
[PR2023-00455
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width of the particular SDRAM,; fixegi Widths of 4, 8, and 16 are defined as Hgﬁgt EX2004
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of the standard); and DQS (a data strobe signal that conveys timing information
in parallel with the data bus). Ex. 1064 (JESD79-2), pp. 1-6.

(2) Behavioral and Temporal Specification

25. DDR2 SDRAMs reeeimm s on the
command signal lines and the e . ) &1 th any address

(row
or column) specified by the command are all captured on the rising edge of the clock
signal CK.
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26. In the case of read or write commands, data is transferred later.
Read data is output temporally aligned with the clock signal, but write

data — data to be written into the memory array as a part of a write command —
can arrive at the DRAM not aligned with the clock. The DQS data strobe signal
travels with the data and arrives at the DRAM with its edged centered on each
valid piece of data in a burst. The strobe DQS is thus used by the DRAM to
reliably capture the data regardless of the offset of the data DQ relative to clock
CK. This facility that allows data to arrive at the DRAMs at a different time than
the commands and address is central to how these SDRAMs are aggregated into

higher-bandwidth memory systems.
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Ex. 1064 (JESD79-2), p. 30.
27.  For read data being output from the SDRAM, the DQS is output with the

data and can be used by the recipient of the data — the memory controller or an

intermediate buffer — to help capture the data.!

1 T understand that Dr. Harold Stone, Micron’s expert in the district court
case, has testified that “some people may consider the DQS signals ... also as
control signals.” IPR2022-00615, EX2117, 59:2-9.
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Ex. 1064 (JESD79-2), p. 26.
28.  So, for both read data and write data, the DQS signal travels from

source to destination along with the data to provide the recovering device timing
information to facilitate capturing the data. In both case, the period of the toggling of the
strobe signal DQS is the same as the period of the clock CK. In both cases, one piece of
data is transferred for each phase (or half period) of DQS. Thus, for each clock period
during a data transfer, there are two edges of DQS and two pieces of data transferred.
“DDR” stands for Double Data Rate and indicates that these SDRAMs transfer two
pieces of data per clock period.

29.  The time delay between the receipt of a read command and the
output of the first piece of data of the burst by a memory device is called the read
latency, abbreviated RL. It is measured from the rising edge of clock CK that captures
the read command to the rising edge of clock CK just before the first piece of data is
output. Under ordinary operating circumstances, the read latency is equal to the value
programmed into the CAS Latency (“CL”) field of the mode

[PR2023-00455
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register of the DRAM (when the additive latency (“AL”) field is set to zero,

otherwise, RL = CL + AL). Ex. 1064 (JESD79-2), p.24. The memory controller
or its controlling software must be cognizant of the SDRAMs capabilities and
program the CAS Latency field appropriately so that data will be read and
written reliably at the particular frequency at which the SDRAM is being

operated. Ex. 1064 (JESD79-2), p. 12, 26, 64.

. . v ' 2 T s T
(Modified) ¥ . ¥ . ¥ . ¥ . ¥ . e 2N
sy 7T 1T Y3 E3 Y3 BEEREE
2 w —- -:——o- -'-—--}» -—-r. -

" A e - NOS E,.. NP Ep Y Ve

o R
1
|
|
-l«l
§ | §
-
4
>
.
-
'S
-
:
N—— -

Ex. 1064 (JESD79-2), p. 27.

- - Netlist EX2024

[Different odd and even pages setting changed from off in original to on in modified.]. Samsung v Netlist
Samsung Ex. 1096, p. 27

Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




Wen pages setting changed from off in original to on in modified.].

IPR2023-00455
Patent No. 9,858,215

(.\Iodiﬁed)"”‘rln'rp Ia-Tasl ~T~L~ I-I ~I A-l ~I ATATR] revwnren

HIERERe | 1]
E"C"‘} 354, '»;,Eav;v-w-

v B c—
ap DLL Reset A? mode A | SemToe | qulm-m
o | w | [ o | & | Secueonst J »14 At : a0 _?j}
Yar L o 1 ! ‘ b e )
N KN KN N
A P — Wrlte recovery o0 autoprecharge CAS Latency :
s — - :
T 012 S . AN A | 20 | Whierces o . At a4 Lseney !
. | Lot ot tune .x,!-z._ ) ° 0 —— 23 9 a s e——
' W 0a iuse TAFDS) [ s | L I b Reser ot .‘
- — — ’ — - — "
L 3 ' 3 : . OP s |
r— g — - — T i |
| 2 ) w '
: .w__‘ \ .'-(-a-__4 I3 >‘._<,__‘_ 3 “%.\; 9 ' ?
| o e | () ' o |o =5 3 4
< H | N ' © ' L) S '
4 - -—9q - — — b et e —— e
] [»} FMR3D Q.«.‘M-: ] L] Fes w(_J 1 Resw w
] 1 Ve CeLe el ' l.g..—-"_‘ K | )

Ex. 1064 (JESD79-2), p. 12.
30.  For write operations, the delay between the DRAM receiving the

write command and when the DRAM expects the data to arrive is called the write
latency (abbreviated WL). For DDR2 SDRAMs, the write latency is defined to be
always exactly one less than the read latency (RL) and so under ordinary operating
conditions is one less than the CAS Latency (CL) as programmed into the mode

register. Ex. 1064 (JESD79-2), p. 12, 24, 29, 30.
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Ex. 1064 (JESD79-2), p. 30.

A3) Memory Modules

31. A memory module is typically composed of a small printed circuit
board (PCB) with memory devices and support circuits mounted on one or both
sides of it that is inserted into a socket on a main PCB to populate the memory
system with storage. Memory modules are used in a wide variety of system types
because they facilitate late selection of the memory characteristics and they are
area efficient.

32. JEDEC also standardized modules using DDR SDRAM and DDR2
SDRAMs. JEDEC standardized module are called DIMMs, for Dual-Inline
Memory Module, indicating that the connections between the module PCB and
the connectors in the socket are on both sides of the module PCB. Ex. 1066, p.
8. The two most common styles of JEDEC-standardized modules are called

Unbuffered DIMMs (or UDIMMS), which contain principally just SDRAMs,
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and Registered DIMMs, which also include a register device for buffering the

address and command buses (but not the data bus). Ex. 1066, p. 9.

(Modified)

Pachage P

Fage Connecirs

Mamaory
Controiler

0000y

Ore DIMM can have one RANK
or two RANKS of DRAM on
Cepending On i3 configuration

Ex. 1070, p. 319.

33.  For all the principal JEDEC-standardized modules at the time of
the invention, the plurality of SDRAMs are arranged logically and physically in
parallel, sharing the command and address bus and presenting a data bus that is
the aggregation of the width of the individual DRAMs. For example, Version A
of the DDR2 RDIMM illustrated in Ex. 1066 has a 72-bit data bus at the module
boundary, each of the data bits connecting to one of the DQ pins on one of the 9
x8 DDR2 SDRAMs.

[PR2023-00455
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Ex. 1066, p. 9.

34. In this module, the control and address bus enters the module and
is captured by the register and then distributed to each of the SDRAMs. In
addition to specifying the connections to the SDRAMs in the schematics, as
illustrated in the Block Diagram above, the JEDEC standard also specifies the
placement of the various integrated circuits and the routing of the signals. In the
case of Raw Card A, shown above, all the integrated circuits are placed on one

IPR2023-00455
Patent No. 9,858,215

side of the module, and the register is placed in the middle of the module with
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Ex. 1066, p. 44.
35.  This recommended device placement is provided along with signal

routing and trace length specifications that yield functional modules across the
specified operating range. For example, among the many specific configurations
described, the net structure routing are specified in terms of a specific topology

and concrete minimum and maximum lengths of each trace segment.
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Aod)t Lengths for Address. Command and Control (Raw Card A, F)
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Ex. 1066, p. 65-
36.  All of the RDIMMs specified in this standard have the register and
clock regeneration PLL in the center of the module, and clock, control and

address traces carefully balanced to minimize the difference in the arrival time

- - Netlist EX2024
[Different odd and even pages setting changed from off in original to on in modified.]. Samsung v Netlist

Samsung Ex. 1096, p. 33
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



IPR2023-00455
Patent No. 9.858.215

of these signals at each of the SDRAMSs on the module. Ex. 1066, p. 4, 53, 54,

59, 65.
3. Rambus DRAMs
37. Rambus Inc. is a company that has designed and licensed a number
of proprietary DRAM architectures. The best known of these architectures is
called Direct RDRAM (“DRDRAMSs”’). DRAMs conforming to Rambus’s
designs, collectively called RDRAMs, do not conform to any JEDEC standard
relating to the operation of DRAMs.

a) Direct Rambus DRAMs

38. Direct RDRAMs are DRAMs like DDR SDRAMs in that their
storage cells are dynamic and they are logically organized into banks of rows
and columns. But the interfaces by which they communicate with the memory
controller are very different.

(1)  Pin-level and Physical Interfaces
39. The pins of a Direct RDRAM are unique to this architecture.

Instead of the separate command and address pins of the SDRAM architectures,
Direct RDRAMSs include a packetized 8-bit command bus RQO..7, which is
logically divided into two portions: 3 wires (RQS5..7) carry row access

commands and row addresses, and 5 wires (RQO0..4) carry column access
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command packets and column command packets to the DRAMs.
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Ex. 2025 (Direct RDRAM Datasheet), p. 3.

40.  Also, the data bus is fixed at 18 bits, though a DRDRAM can use
only 16 of these if error detection/correction are not being used. There is no such
thing as a x4 or x8 Direct RDRAM.

41.  The clocking structure is also very different from that of SDRAMs.
In those devices, there is a clock that travels with command and address signals,
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and the data strobes travel with data to provide timing information for its capture.
Instead, with Direct RDRAMs, there are two clocks provided to the DRAM:
Clock To Master (CTM) and Clock From Master (CFM), Ex. 2026 (Direct
Rambus Tech. Disclosure), p. 9. The DRDRAM will receive both and use the
former to capture addresses and commands on the RQ bus and write data on the
DQ bus, and use the latter to read data on the DQ bus so that it can be captured
by the memory controller. There is no signal that is comparable to the data strobe
(DQS) or chip-select (CS) signals of SDRAMs.

42. Further, a plurality of Direct RDRAMs comprising a memory
subsystem are not connected in parallel as is typical in SDRAM memory
subsystems. Instead, they are all on the same linear channel. Ex. 2026 (Direct

Rambus Tech. Disclosure) p. 8.
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Ex. 2026 (Direct Rambus Tech. Disclosure), p. 8.
43.  The packages are also different than used with SDRAMs. All Direct
RDRAMs are in a chip-scale package (“CSP”) that have solder balls in different

number and arrangement than the packages used by SDRAMs:
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(Modified)™

e oe

Ex. 2025 (Direct RDRAM Datasheet), p. 2.

44, The high bandwidth performance of Rambus RDRAM memory
systems stems directly from the linear channel topology and the attention to
signal integrity. In contrast to memory systems built with JEDEC-standardized
SDRAMSs of all flavors (which have signal traces of several different topologies,
lengths and loading) the Rambus channels are uniform, carefully terminated and
using the most advanced signaling technologies, all of which contribute to much
high channel frequencies than the contemporaneous SDRAM memory systems.
Ex. 2001, pp . 18 (“There are several classes of system nets in a conventions
memory system”), 19, 20 (“the Direct Rambus DRAM (RDRAM) takes another

approach that provides for 1.6 Gigabytes/s bandwidth”), 21.
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45. One of the major differences between Direct RDRAMs and

JEDEC-standardized SDRAMs is the emphasis on bandwidth and the
corresponding frequency of operation of the data and control buses. DDR
SDRAMs, introduced in 2000, envision a maximum control and data bus
frequency of 143 MHz, or equivalently a minimum bit time of 3.5 ns. In contrast,
in Direct RDRAMs, introduced 3 years earlier, when Direct RDRAM was
introduced, the data transfer frequency was 800 MHz, and the bit time on the
data bus 1.25ns. The bandwidth available from a Direct RDRAM was 1.6 GBps,
compared with 286MBps for x§ DDR-266A SDRAM, which is smaller by a
factor of 2.8. Ex. 1060 (JESD 79), p. 10; Ex. 2025 (Direct RDRAM Data Sheet),
p. 42. These higher operating frequencies were made possible by rigorous
constraints on the channel physical parameters, the dedicated clocks data
flowing to and from the DRAMs, and a novel low signal swing signaling
architecture. Ex. 2025 (Direct RBRAMRDRAMD Data Sheet), pp. 1, 10, 42.
46. Another of the essential aspects of Direct RDRAMs that

differentiate them from all of the JEDEC-defined SDRAMs is the encoding of
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the 8-bit RQ control bus. Instead of presenting the entire command and address
at once on 24 signal lines, captured by a single clock edge, the Direct RDRAM
RQ bus has only 8 transmission lines. In addition, instead of 1 command spread
across 24 signal lines, row commands with their row addresses are gathered into

IPR2023-00455
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a packet and sent over 8 bit periods on only 3 lines. Column commands are sent
with the column addresses, data masking and precharge indicators over 5 metal

traces in the same 8 bit period. Ex. 2025 (Direct RDRAM Data Sheet), pp. 6-9

47.  Finally, the addressing paradigm is different for Direct RDRAMs
than for any of the JEDEC-Standardized SDRAMs. For JEDEC-Standardized
SBRAM-devices, the chip select signal, CS, which is part of the command bus,
is used to
identify which devices are going to respond to a command. Direct RDRAMs do

RDRAMs-doe-not have a chip select signal. Instead, each device on the channel is
given a

unique identifier during initialization. All command packets include a_5 bit

5-bit-device identifier to identify which singular DRAM on the channel is to respond

respond-to the command. As Jacob puts it, the information that determines which
devices

deviees-will respond to a command—what he dubs the chip-select
information—

"travel(s) over the same set of electrical wires but at different times.” Direct
Rambus channels do not use dedicated address, control, data and chip-select

signals. Ex. 1069, p. 7. Therefore, there are no chip-select signals as the term
- - Netlist EX2024
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would be understood by a POSITA in either the Direct RDRAM or the XDR
RDRAM architectures. The passages quoted by the Board from Ex. 1069 (Paper
11, at +414-15) say that the original RDRAM includes chip-select information.-Fhis

This is not accurate. The original RDRAM being described in theseparagraphsthis
paragraph

included only an address field in the command packets and did not have any
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dedicated fields that a POSITA would consider as chip-select information or

chip-select signals as shown below.

(Modified) Sus Data
Bus Cntl 8 7 6 5 3 3 2 1 0
San Op0 Addre.2
Op1 Op3 Adar17..10
OpX1 AGdr26..18
Op2 Addrds. 27
OpX2 ' Rsrv Counts 4.2 | Rery
Close/Rsrv Rsrv Count7 5.3 Count1.0 Adar1.0

Figure 8-8 A Rambus Request Packet takes 12ns on the bus

Ex. 2029, p. 277.

48.  Also, the 64Mbit Direct RDRAMSs, which were developed in 1997
included 16 banks. Ex. 2026 (Direct Rambus Tech Disclosure), p. 13. No

other 64Mbit DRAM defined by JEDEC has that many banks. In particular, the
contemporaneous 64Mb DDR SDRAM had only 4 banks. Ex. 1060, p. 8.
Further, since each of the up to 32 Direct RDRAMs on a channel has 16 banks,
the total number of banks within a Direct RDRAM memory systems is very
much larger than is found in a typical DDR SDRAM or DDR2 SDRAM memory
system. Because there are so many banks, each bank is relatively small. Unlike
the banks in the 64Mb DDR SDRAM, which have 12 row address bits and 7, 8,

or 9 column address bits, (depending on the device width), the 64 Mb Direct

Samsung Ex. 1096, p. 42
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RDRAM banks each have only 9 address bits and 6 column addresses bits. Ex.

1060, p 14; Ex. 2025 (Direct RDRAM Data Sheet), p. 7.
A3) Rambus Direct RDRAM Modules

49. The modules defined by Rambus Inc. to provide the benefits of
modules to the Direct RDRAM ecosystem (called RIMMs) are very different
from the unbuffered and registered DDR2 DIMMs described above. Though the
size of the module is similar to that of DIMMs and the same socket is used, that
is the extent of the similarity. As noted above, Direct Rambus RDRAMs are
placed inline on a single channel carrying all control, address and data
information. For the purpose of a module, this channel enters the module on one
side, traverses the module, connecting to any Direct RDRAMs on the module
and then leaves the module at the other end. The modules can have up to 16
Direct RDRAMs on them — all on the one channel. Ex. 2027 (RIMM
Specification), pp. 1-1, 2-9, 2-10.

(Added)

- 1 -1—-[’1’1/{!.‘,!':.%

First Device

Pin A1

[Different odd and even pages setting changed from off in original to on in modified.].
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Ex. 2027 (RIMM Specification), p. 2-10.
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(Modified)

Ex. 2026 (Direct Rambus Tech. Disclosure), p. 15.

(Modified)

R(Modified)
Figure 1: A

Ex. 2026 (Direct Rambus SeCh:"D1SCIosure), p: ERORCE LR ORRRE L ERSREL ORI Y

Figure 10: Physical Organization of a Rambus-Based System

[Different odd and even pages setting changed from off in original to on in modified.].
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50.  Rambus modules (RIMMs) can also have zero RDRAMs on them.
These “continuity modules” connect the channel to the termination resistors at
the far end of the channel from the controller.

51.  In JEDEC-style DIMMs, several DRAMs are “ganged together in
parallel to provide the necessary aggregate bandwidth,” thus increasing the size
of independent banks but not their number. See Ex. 2001, p. 23 (Fig. 8(a),

reproduced below). In contrast, “a Direct RDRAM spans the entire channel” and
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“the CPU accesses each RDRAM independently.” Id., p. 23. “So each DRAM

directly adds to the number of memory banks accessible to the memory

controller.” Id.; see Fig. 8(b) below.

(Added) I -6

1L

a||]m

Figure 8. Bank counts: a 32-Mbyte, 64M SDRAM system
with four large banks (a) versus a 32-Mbyte, 64M Direct
RDRAM system with 32 small banks (b)

(a)
[ il

(b)

b) XDR Rambus DRAMs
(Deleted) |

{a)
(b)
Figure 8. Bank counts: a 32-Mbyte, 64M SDRAM system

with four large banks (a) versus a 32-Mbyte, 64M Direct
RORAM system with 32 small banks (b)
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Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



Netlist EX2024
SanSity FAet

Samsung v Netlis
Samsung Ex. 1096, p. 48

Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




1PR2023-00454

52. After Direct RDRAMSs, Rambus also developed the XDR
architecture, including XDR DRAMs and corresponding memory modules
featuring a differential clock input (clock from master), request/command bus
RQI11...0 and bidirectional differential data bus DQ15...0/DQN15...0. The data
buses are connected point-to-point to the memory controller or buffer, but the
request bus may be connected to several memory chips in parallel (multi-drop).
See, e.g., Ex. 2009, pp. 8-10.

53. XDR RDRAMs are also unique across the pantheon of memory

devices in that the used portion of the native data bus width is programmable in

Netlist EX2024
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the system. This feature works in conjunction with the point-to-point topology
of the data buses to facilitate the highest performance level even in the face of
changing memory system capacity. “In the XDR architecture, as the number of
memory devices per request channel is increased, device width is reduced to
maintain a fixed data path width.” Ex. 2009 (XDR Arch), p. 11. The result is
what Rambus dubbed a “dynamic point-to-point interface”. Ex. 2009, pp. 10, 11,
12,15, 17.

54.  XDR DRAMs use a different package and pin configuration than

JEDEC-compliant SDRAMs:

Netlist EX2024
Samsung v Netlist

Samsung Ex. 1096, p. 50
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




(Modifiod) ey et 108 S Petegnt oo
fied)—

000 | SO0 | Ve | N0 Veo | Voo | ™ | 0O oG
15 JJoONIT| OONO | RST Sox | CONY | DON
i oG OS2 N0 R L a0 Q8 D b ) >_>ag
3 oone oG] o R "7 | W% & DONTR | DO
h—— S S k@, | ec— qu g o | e
92 oo wnn Vui Wl wa Ve
" oND A‘m V‘ @0 [N o0 ANO Vapaw | N0
3
L |
L
?
8 o one Ve Voo W L oD ) | OND >0
s Yo oo | Vrose Voo Yemy » Voo <
4 oov | ooe | D | R | RSAY own | Ran | oa0 | 08 | pats
p——— — — - L, —— -—4 - - - - B -
3 DONM | DO RO R4 | RSRY oM RO Jon ooNe | :fJ\"S
2 ooz | oo | eno Voo | OGO | Do
' oo | oone | SO0 Ve | &0 'ii D | v | DO | D3
‘ ' S
L - A " [ ¥ £ ’ B J (O

o
Ex. 2028 (Samsung XDR Datasheet), p. 4.
55.  The commands bus RQ is packetized and each pair of 12-bit time
slots can hold a single command. The 5 basic packet formats are shown in Figure

1 of the XDR Architecture specification.
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Ex. 2009 (XDR Arch.), p. 5.

56. The opcode field of 3 or 4 bits, depending on the packet type,
specifies the command to be completed. There are no chip select signals or
command packet fields and no device ID bits because the topology of the

memory system makes these unnecessary.
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57.  The variable width data bus makes addressing very complex. The

width of the row and column address fields in the request packets depends not
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only on the native device width but the programmed device width and other
features such sub-column addressing, the device page size and the number of
banks in the memory device. “XDR DRAMs are defined as having a native
width, which is the maximum width of the DQ interface supported, and an
optional range of narrower programmed widths. The following sections describe
the addressing considerations as a function of the native and programmed device
widths.” Ex. 2009 (XDR Arch.), p. 6. “Column addressability, in turn, must
proportionally scale with the number of devices in the system and, therefore,
inversely with the programmed device width. The incremental column address
bits used to achieve this increased addressability are used within the DRAM to
select the appropriate target subset of the column for the current transaction and
the data path routing to/from that section.” Ex. 2009 (XDR Arch), p. 6.

IV. CLAIM CONSTRUCTION

A. “Rank”

58. In the DDR2 SDRAM RDIMMs described in Ex. 1066, certain
collections of the DRAMs are referred to as ranks. This standard defines some
modules with one rank, others with two ranks and still others with 4 ranks. In
these modules, a “physical rank” is the collection of SDRAMs that share all the
command and address input signals, including most significantly the chip-select
signal that make up part of the command. For example in the Raw Card Versions

A and F, illustrated below, all of the DRAMs together as illustrated constitute a

- - Netlist EX2024
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rank. Ex. 1066, p. 9. The DRAMs of Raw Card Versions B and G are arranged

into two ranks. All of the DRAMs in both ranks share the same command and
address signals except for the registered versions of the rank select signals SO
and S1. This collection of DRAMSs that respond to commands together and
provide data to the full width of a JEDEC-standardized DIMM is the canonical
example of a rank and would be the example that a POSITA would give in

response to the question “what is a rank™.
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Ex. 1066, p. 9.
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59.  Historically, the invention of the term rank in 1995 was a direct
result of the first DRAMs that were internally partitioned into banks. The
overloading of the term bank to refer to both memory-system banks with the
structures internal to the memory system had the potential create ambiguities.
The term rank was explicitly defined in terms of the granularity of the memory
system: the collection devices that make up a rank of memory has to be all
present for the memory system to operate properly. As such, the term was not

used to describe single memory devices in the newest (at the time) architectures

Netlist EX2024
Samsung v Netlist

Samsung Ex. 1096, p. 57
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




%ﬂ%ﬁéﬁen pages setting changed from off in original to on in modified.].

(such as Rambus) that used a narrow high-speed channel to communicate with

the DRAMs individually—tnstead-the-term and was only used in the context of
memory systems

memory-systems-constructed of the asynchronous DRAMs or SDRAM and
SDRAM-like memory

devices.
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Ex. 2029 (New DRAM Technologies 2d Ed.), p. 79.

60. In the corresponding district court case, the parties here proposed
different constructions for “rank” in the context of the ‘44+7215 patent. Petitioner
proposed that a “rank” is “an independent set of one or more memory devices on
a memory module that act together in response to command signals, including
chip-select signals, to read or write the full bit-width of the memory module.”
Ex. 2030 (Claim Construction Order), p. 12. Petitioner proposes the same
construction in this proceeding. Petition, ppp. 2627-28.

61.  Netlist, in contrast, proposed that a rank is a predetermined group-ef
of memory devices on a memory module that can send or receive a fixed number

of data bits via a fixed width data bus, in response to a read or write command

- - Netlist EX2024
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and independently from other memory devices on the memory module. Ex. 2030
(Claim Construction Order), p. 12.

62.  The district court, in its Claim Construction Memorandum Opinion
and Order, issued November 21, 2023, decided that the proper construction of
the term in the context of the patents before it in that proceeding is “a ‘bank’ of
one or more devices on a memory module that operate in response to a given
signal.” Though this construction resolves some of the tension between it two
proposed constructions, it does so by defining a rank in terms of a bank of
memory devices without identifying what is and what is not a bank of memory
devices. Ex. 2030 (Claim Construction Order), pp. 15, 35.

63.  Inparticular, since the mid-1990s when the term rank was
introduced into the parlance of memory systems, a reference to a bank of
DRAMs has been archaic and depreciated, but still occasionally, and often
inaccurately, used by practitioners. In the pre-1994 world of small, narrow, slow
and asynchronous DRAMs, a memory bank constructed DRAMs was a one or
two dimensional array of devices that were aggregated together to create a wide
memory subsystem. In many but not all legitimate uses of the term bank,
particularly in memory systems relying of interleaving to develop higher

bandwidth, the DRAMs within a bank were not homogeneously controlled. In
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this past era and context, a bank of a single DRAM was nonsensical and outside
what a POSITA would refer to as a bank.

64. With regard to the district court construction’s reference to
operation in response to a signal, to the extent “a signal” means a single signal
as opposed to one or more signals, not since the asynchronous DRAMs of the
pre-SDRAM era have DRAMs responded to single signal on a single signal
trace. In all of the memories in common use in 2004-2005, it takes a command
comprised a plurality of signals across the signal traces of the command bus to
make the DRAM “operate” i.e. to perform a meaningful command.

65. The court’s construction is also not consistent with the plain and
ordinary meaning as captured by the section 4.1.2.10 of JESD21-C;- which is the
standard that defines the SPD (Serial Presence Detect) for DDR2 SDRAMs.
Byte 5 of the SPD is “the number of DIMM ranks”, which is defined specifically

in terms of the chip select pins, not any arbitrary signal.
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V. PERSON OF ORDINARY SKILL IN THE ART

66. I have been asked to consider Samsung’s definition of a person of
ordinary skill in the art for this declaration, in particular the supposed knowledge
that such persons would have had at the time of the invention. In his Declaration,
Dr. Wolfe states:

[ believe a person of ordinary skill in the art in the field of the 447215
Patent in 2004 or 2005 (“Skilled Artisan” or “POSITA”) would have
been someone with an advanced degree in electrical or computer
engineering and at least two years working in the field, or a bachelor’s
degree in such engineering disciplines and at least three years working
in the field. Additional training can substitute for educational or
research experience, and vice versa. Such a hypothetical person would
have been familiar with various standards of the day including the
JEDEC industry standards, and knowledgeable about the design and
operation of standardized DRAM and SDRAM memory devices and
memory modules and how they interacted with the memory controller of
a computer system. Specifically, he or she would have been
knowledgeable about the JEDEC DDR and DDR2 SDRAM standards
used to standardize the functioning of memory devices, and the JEDEC
21-C standard used to standardize different possibilities for the physical
layout of memory devices on a module as well as different possibilities

for density and organization of the memory
— Netlist EX2024
Samsung-v-Netlist
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devices to achieve a given memory capacity. He or she would also have

been familiar with the structure and operation of circuitry used to access
and control computer memories, including sophisticated circuits such as
ASICs (Application-Specific Integrated Circuits) and CPLDs (Complex
Programmable Logic Devices) and more low-level circuits such as
tri-state buffers, flip flops and registers.

Ex. 1003, 9 48.

67. Il understand that Samsung asserts that such people would be
familiar with the “various standards of the day including the JEDEC industry
standards, and knowledgeable about the design and operation of standardized

[PR2023-00455
Patent No. 9,858,215

DRAM and SDRAM memory devices and memory modules and how they
interacted with the memory controller of a computer system.” Petition, p. 9. |
understand that Samsung also asserts that a person of ordinary skill in the art
would have been “familiar with the structure and operation of circuitry used to
access and control computer memories, including sophisticated circuitries such
as ASICs (Application-Specific Integrated Circuits) and CPLDs (Complex
Programmable Logic Devices) and more low-level circuits such as tri-state
buffers, flip flops and registers.” Petition, ppp. +69-10.

68.  Both the Petition and Dr. Wolfe assert that a POSITA here would
be “knowledgeable about the design and operation of standardized DRAM and
SDRAM memory devices and memory modules and how they interacted with

the memory controller of a computer system.” As noted in the specification of

Netlist EX2024

/N

Sa 2!

Samsung

v

et

Ist

Samsung Ex. 1096, p. 63
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



1PR2023-00454

the *447215 patent, “[t]he present invention relates generally to memory modules of
a computer system, and more specifically to devices and methods for improving
the performance, the memory capacity, or both, of memory modules.” Ex1001,

1:47-5042-45. The truth of the matter is the design of memory modules using

semiconductor memories and the design of those semiconductor memories are
two distinct areas of knowledge and a POSITA with an ordinary level of skill in
the design of memory modules would not possess the training, knowledge or

expertise to attempt to design semiconductor memory design. DRAMs in
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particular are notoriously complex and subtle designs that take many years to
master. Thus I believe a POSITA here would be knowledgeable about the
operation of standardized DRAM and SDRAM memory devices and memory
modules including these commercially available devices and how these devices
and modules interacted with memory controllers of a computer system.

69. In support of my assertion here I note that the 447215 patent does not
discuss the internals of DRAM semiconductor devices at all. Further, the text
Memory Systems,; Cache, DRAM, Disk, by Jacob, Ng and Wang include 285
pages about the design and operation of memory systems using DRAMs, of
which only 2 pages and 1 figure describe the internal operation and structure of
a DRAM in the most superficial manner. Ex. 1070, pp— 316-317. In contrast, the

text “DRAM Circuit Design” by Keeth, Baker, Johnson and Lin comprise 440
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pages about the design of DRAM with very little about how these devices are
aggregated to form memory systems. Ex. 2032 (Keeth, et al).

70.  With this restriction to the scope of knowledge and experience of a

(Deleted)

POSITA, I apply Samsung’s proposed level of knowledge in my analysis.

71.  The important consequence of this understanding of the knowledge
and capabilities of a POSITA in these matters, is that when looking at a new
memory system structure with which the POSITA is unfamiliar involving a

semiconductor memory device, a POSITA would try to understand which of the
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commercially available memory devices that he or she is familiar with were
being used in the design or whether an otherwise unknown or unfamiliar memory
device is being employed. Further, confronted with a new memory module
organization, again one that the POSITA 1s unfamiliar with, the POSITA would
look to the existing modules and memory system structures to form the context
for understanding the structure and operation of the unfamiliar device.

72. I note that in the 2004-2005 timeframe, the vast majority of the
DRAM devices and modules sold would have been compliant with one of the
JEDEC standards, such that a general reference to DRAM, especially in the
context of usage main memory of general purpose computer and server systems,
would suggest to a POSITA the use of JEDEC-standard compliant SDRAM
devices or modules. For instance, a person of ordinary skill in the art would
recognize the “64Mbx8,” “128Mbx8,” “128Mbx4” DRAM devices mentioned

in the *4+7215 Patent, 2:34-4628-40, as referring to JEDEC-standard compliant
DDR2

SDRAM devices. Ex. 1060, p.7. Similarly, they would recognize the x64 and

x72-wide memory modules mentioned in the *4+7215 Patent, 2:47-35341-47,
as

referencing JEDEC-standard compliant memory modules, each using the one
type of JEDEC-standard compliant SDRAMs. Ex. 1066, p. 4.20.10-4 (x64 and

x72 memory module organizations).
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VI. THE ’417215 PATENT

A. General Overview

73. The 47 Patent215 patent, titled “Memory Module With Data
Buffering,”

relates to a buffered multi-rank memory module that effects “registered-transfersof

N-bitwideselective data bursts

between one rank of the memory device and the memory controller via the data

busand-H-memory-devieesbuffer, in response to H-databuffercontrol signals and

msent by a logic to the data buffer. Ex. 1001,

Abstract. The data buffer control signals are output by a logic on the module,

which is “configurable to receive a set of input address and control signals
associated with [the] read or write memory command and output registered
address and control signals [in addition to] data buffer control signals.” Id.

74.  Figure 1, reproduced below with annotation, illustrates such a

memory module. EX1001+Ex. 1001, 5:65-6718-20.

Samsung Ex. 1096, p. 68
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75.  As shown in Figure 1, “[t]he memory module 10 is connectable to

a memory controller 20 of a computer system (not shown).” Id., 5:67-6:120-21. In the

Figure 1 example, the memory module 10 includes multiple memory devices 30
arranged in two ranks 32, each rank having multiple memory devices 30. See

Fig. 1, 76:H-1330-33. Other number of ranks are possible. /d., 76:131633-36.

76.  The memory module 10 also includes a circuit 40 electrically
coupled to the memory devices 30 and to the memory controller 20 of the

computer system. /d., 65:4-724-27. The circuit 40 includes a logic that translates

between a system memory domain of the computer system and a physical
memory domain of the memory module 10. /d., 65:9+229-32. This may be achieved
by the logic receiving input data signals, chip-select signals and other
control/address signals from the memory controller 20, and outputting
corresponding registered data signals, registered chip-select signals and other

registered control/address signals to the memory devices 30. See EX306+Ex. 1001,
Fig.

1, 19:52-20:21:66-22:35; see also id., +816:37-1962-18:940 (showing how the logic
translates the

input control/address and chip-select signals).
77. The memory module also includes an SPD device 240 that can
report the CAS latency (CL) of the memory module to the memory controller

20. Id., 2220:36-3824-26. The reported CL value of the memory module may be

113

onc

more cycle than does the actual operational CL of the memory array,” for
- - Netlist EX2024
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example to account for the fact that in some embodiments, “data transfers
between the memory controller 20 and the memory module are registered for

one additional clock cycle by the circuit 40.” Id., 2220:38-4326-29. The extra cycle
time

provides for time needed by a data buffer to perform address decoding, and/or

data path multiplexing/demultiplexing, for example. /d., 2220:46-5632-42.

78. Figure 2, reproduced below, illustrates a circuit diagram of two

memory devices in two respective ranks of a memory module. Ex. 1001, 6:62-

65.
Added X
( ) 00Sd /s,
\}Q‘: ] ) & //4
{C\ﬁ 1020 | meo
RO soas
[> - 112
’—_
30b pob 1

g2 | T

79.  As shown in Figure 2, the memory devices 30a, 30b have DQ data

signal lines 102a, 102b and DQS data strobe signal lines 104a, 104b. Ex. 1001,

6:62-7:2. As further shown in Figure 2, the memory devices 30a, 30b have their

DQ data signal lines 102a, 102b electrically coupled to a common DQ line 112

and their DQS data strobe signal lines 104a, 104b electrically coupled to a

common DQS line 114. Id., 7:5-9. The common DQ line 112 and the common
[PR2023-00455
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DQS line 114 are electrically coupled to the memory controller 20 of the

computer system. Id., 7:10-12.

80.  As described in the *215 patent, the circuit 40 selectively isolates

the loads of at least some of the memory devices 30 from the computer system.

Ex. 1001, 7:14-16. In embodiments where the memory devices 30 are arranged

in a plurality of ranks, the circuit 40 selectively isolates the loads of one, some,

or all of the ranks of the memory module 10 from the computer system. /d.,

7:16-29.

7881. The disclosure of the details of the implementation of rank

multiplication is just one of the ideas found in the specification of the *44+721

Patent. This discussion principally is found beginning on column 2220 of the

specification. Ex. 1001, 2220:62-3448-30:673 (exclusive of much of the Verilog
examples

. col 1$.21) and.thi : cond ¢ the claims of the 2417

Patentin columns 23-26). This teehntgque—thetechnique-the use of two
lower-capacity memory-deviees—te

devices to simulate a larger capacity memory device for the introductory period-when
the

when the newer larger capacity device is smestmore expensive on a price per bit basis.
Within —

Within the context of JEDEC-standardized memory devices and modules, this is

accomplished by manipulating the addresses and chip selects so that two ranks

of JEDEC-standardized SDRAMs behave like a single rank constructed of thg ., ...,

Samsung-v-Netlist
1PR2023-00454
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higher-capacity devices. The values in the SPD are adjusted to hide the true

organization of the memory module from the memory controller. In general, the
[PR2023-00455
Patent No. 9,858,215

concept is not meaningful outside the domain of JEDEC-standardized memories
and their modules in which chip select signals are central to determining which
DRAMs will respond to specific commands.

B. Relevant Prosecution History

7982. The application that issued as the 447215 patent was filed on August

Nevember2520, 26492013, EX1H002Ex. 1002. There were no official rejections
during the prosecution of

prosecttton-of-the 447215 Patent. Id. The *41+7215 patent issued on August
+7January 2, 20242018. ExEX166+. 1001.

C. Priority Date of the 417215 Patent

8083. The *4+7215 Patent claims priority to five provisional applications:

U.S. Provisional Patent Nos. 60/645,087 filed on January 19, 2005 (EX1+065Ex.
1005,

“the 087 Provisional”), 60/588,244 filed on July 15, 2004 (EX1606Ex.
1006),

60/550,668 filed on March 5, 2004 (EX1067Ex. 1007), 60/575,595 filed on May
28,2004

2004 (EX1008Ex. 1008), and 60/590,038 filed on July 21, 2004 (EX1+009Ex. 1009).
EX1001Ex. 1001 at

2. The 447215 Patent also claims priority to U.S. Patent Application No.

11/075,395, filed March 7, 2005, now U.S. Patent No. 7,286,436 (EX1+64+0Ex. 1010,
“the-436-Patent). - - Netlist EX2024

Samsung v Netlist
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EX1001°436 Patent”). Ex. 1001 at 2. I understand that in connection with Ground
2, Petitioner argues

Petitioner argues that Ellsberry (filed on June 1, 2005, EX+673Ex. 1073) is prior art
to—+he— e

the *215 Patent because none of the five provisional applications nor the *436
Patent-provide

IPR2023-00455

Patent No. 9,858,215

Patent provide sufficient disclosure to support certain claim elements of

independent claim 1. For the reasons that follow, I disagree.?
1. The ’087 Provisional

&1+84. The *087 Provisional relates to “memory modules for use in
computers, and more specifically, relates to configurations of memory devices
and other components of a memory module,” and in particular to rank buffered
DIMMs. Ex. 1005, p. 3. Figure 1 discloses a DIMM Memory Subsystems with
two ranks and a rank buffer DIMM logic device (RBDL), which, in certain
embodiments, “comprises address decoding logic which transparently translates

from a system memory density domain of the computer system to a physical

memory density domain of the DIMM.” Ex. 1005, [0007], p. 10. This logic

— NetlistEX2024
Samsung-v-Netlist
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translation element comprises a data path multiplexer/demultiplexer that
“logically isolates the ranks of memory devices from one another,” and that
“advantageously diminishes the effects of jitter and other sources of noise, and
simplifies various other aspects of operation of the memory module, including,
but not limited to, setup and hold time, clock skew, package skew, and process,

temperature, voltage, and transmission line variations.” Ex. 1005, [0008].

> For purposes of this declaration, I have been asked only to render an opinion
on Petitioner’s arguments regarding the 087 Provisional.

IPR2023-00455

Patent No. 9,858,215

(Modified)

Block Diagram: Rank Buffesed DIMM Memory Sub-system

Ex. 1005, p. 10.

8285. The Petition’s first argument is that no application filed prior to July
- - Netlist EX2024

Samsung v Netlist
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1, 2005 includes support for “data-buffercontrol signals to the buffer.” Petition,
p. 51.

However, a POSITA looking at Figure 1 and paragraphs [0007] and [0008] of

the <087 prewistenalProvisional filed in January 2005 would understand that:
1) the

disclosed DIMM module has a 64-bit data bus, just as all the JEDEC-
standardized SDRAM-based DIMMs of the day; 2) the memory devices Ul..Un
in each rank would be burst oriented SDRAMs that together input or output a

64-bit wide burst of data in response to read or write commands; 3) the Rank

Buffer DIMM Logic transfers these bursts of data between the DRAMs in the
memory ranks and the memory bus connecting the module to the memory
controller; 4) the data path multiplexer/demultiplexer in the RBDL would have
to transfer read data bursts from one of the ranks of DRAMs to the memory bus

[PR2023-00455
Patent No. 9.858,215

towards the memory controller, depending on the specific read command being
executed by the module (and vice versa for write commands); and 5) the claimed

“etrenitrybuffer” is at least in part said multiplexer/demultiplexer, which a
POSITA

would understand necessarily would receive the claimed “control signals-(i-e—-the
etatmed” from

“data-butfer-eontrol-stgnals™)from-the command decode circuitry (a POSITA

would understand necessarily that the

module described in the 087 Provisional would receive commands from an

— Netlist EX2024
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external memory controller and would include command decode circuitry to
interpret those commands), and those control signals would be different
depending on whether the read data is being transferred from rank 0 or rank 1.

Only the command decode circuitry woutdknowsknew which rank the RBDL must
direct

data te-e+-from;- and so there must be some control signal from the command decode

circuitry to the multiplexer/demultiplexer. Petitioner uses similar reasoning to

- - Netlist EX2024
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conclude that “a POSITA would have understood that [Perego’s] buffer device’s

butfer-logic sends ‘control signals’ to interfaces 520a/b ....” Petition, p. 6379.

8386. In light of the disclosures about the RBDL in the context of DDR2

SDRAMs and DIMMs, a POSITA would have no difficulty understanding that

the disclosed multiplexer/demultiplexer in the RBDL provides sufficient support

for the elements “logie———~configurable-to-output-databufferprovid[ing] [first/second]

control signals #1to the buffer to enable

communication of the [first/second] data burst between the at least one
IPR2023-00455
Patent No. 9.858,215

[first/second] memory integrated circuit and the memory controller through the

bit-wideranksinresponse-to-the-data-buffer-eontrelsienals.” Ex. 1005, [0001],

[0003]-[0010], [0013], [0017], [0019], [0022], EigueFig. 1.

8487. The Petition also says “a POSITA would have recognized that the

— NetlistEX2024
Samsung-v-Netlist
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buffer (or “circuitry”) need not use “data-bufferdifferent first/second control signals®
to direct-a-data

a data burst to one of the ranks, even if a memory write command is directed to-that

that one rank, because, for example, the data could be sent to both of the ranks,-and

and a chip-select signal (e.g., rcs0#, rcs1#) could be used to target one of those

Netlist EX2024
Sa SQIE‘&!' 112y é"
Samsung v Netlist
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ranks.” Petition, p. 8. This argument does not apply at all to reads, during which
the RBDL must select the data coming from the one addressed Rank and transfer
it to the memory bus. And for write commands, the RBDL must understand when
to forward data from the memory bus to the rank data buses. That “when”

information must be provided by data-bufferthe different first/second control signals.

§588. Petitioner also argues that a “POSITA would have also recognized
that data transfer through the buffer does not necessarily happen in response to
memory commands as required by the 447215 Patent claims and instead could be
controlled by other means, such as the ‘preamble’ on the DQS strobe lines.”
Petition, p. 8. As a preliminary matter, according to Micron’s witness, Dr. Harold
Stone, “some people may consider the DQS signals ... also as control signals.”
[PR2022-00615, EX2117, 59:2-9. Under that view, which I do not agree with, a

IPR2023-00455
Patent No. 9,858,215

data transfer in response to DQS would also fall under the scope of data transfer
in response to data buffer control signals.

8689. Furthermore, I disagree that a POSITA would have viewed data

transfer as beingplausibly being in response to DQS alone, and not in response to data
buffer control signals. The DQS preamble cannot be used to control the data
transfer through the RBDL. First of all, in the context of DDR2 DIMMs as

disclosed by the ’087 previstenalProvisional there may be other modules on the
memory

bus. In this circumstance, it is impossible for a RBDL to differentiate a preamble., ...,
Samsung-v-Netlist
IPR2023-00454
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for a burst data transfer for one of its ranks from valid data being communicated

to or from another rank. Even in the instance of a memory system with a single

Rank Buffered DIMM, the RBDL cannot identify the beginning of the preamble

for the reasons explained below. The Petition cites to Figure 23 of Ex. 1064

(reproduced below) to hypothesize the use of the preamble to control the transfer

of data through the circuitry.

:I\Io.dif.f_d~
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Figure 23 — Data Output (Read) Timing
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8790. As Dr. Wolfe acknowledged during his deposition, the DQS shown

at what appears to be an intermediate level before the preamble and after the
postamble does not actually indicate that the DQS signal trace is at an

intermediate voltage, but only that it is not being actively driven to either a valid

high voltage or a valid low voltage and thus indicates a high-impedaneehigh
impedance state

with a floating voltage level. Ex. 2033 (Wolfe Deposition Transcript), 171:12-

172:20. In particular, since during the post-amble the DQS signal is being driven

— Netlist EX2024
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low, the voltage is likely te-drift from low to some indeterminate voltage level
between adjacent data burst transactions on the DQS signal traces.

8891. Therefore, at least some of the time, there 1s no discernable
transition in the voltage on the DQS signal at the start of the preamble and
therefore nothing for the RBDL to use to identify the start of the preamble to the
control of the transfer of data through the RBDL, as suggested by Petitioner.
This lack of a reliably discernable preamble applies to both read and write data
transfers through the RBDL. A POSITA, understanding the nature and purpose
of the preambles would recognize that the data transfer through the buffer cannot
be controlled in response to such preambles. Such data transfers would be
controlled by data buffer control signals, which not only convey that a data

transfer is to happen but also when it is to happen and what the source and

destination of the transfer are to be.

Netlist EX2024
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8992. Based on the knowledge of a POSITA, which informs the

disclosures of the specification, it is clear that, contrary to the assertion of the

Petitioner, the specification of the 087 Provisional provides sufficient support

for these elements.

9093. Accordingly, a person of ordinary skill in the art would have

understood that the *087 Provisional discloses “legie—econfigurable-to

eutputprovid[ing] [first/second] control

signals to the buffer to enable communication of the [first/second] data burst

o Netlist EX2024
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wide-datastgnals-between the N-bit—-wide-memory-busat least one [first/second]

memory integrated circuit and the memory-deviees

eontrol-signalscontroller through the buffer.”

9194. Thus, based on the *087 Provisional’s disclosure and the knowledge
of a person of ordinary skill in the art, a person of ordinary skill in the art would
have understood that the inventors were in possession of the subject matter
claimed by the 447215 Patent. As to Petitioner’s arguments regarding the lack of
support for elements of Claim 1 of the 447215 lack technical merit, its conclusion
that the "4+7215 Patent does not deserve a priority date before June 2005 is not
supported by the evidence.

9295. T'understand that Petitioner has not identified any other limitations
of the 447215 Patent allegedly not supported by the 087 Provisional. I take that to
mean that Dr. Wolfe and Petitioner concede that the *087 Provisional provides
support for the other limitations. Nevertheless, for completeness, I provide

IPR2023-00455
Patent No. 9,858,215

below exemplary citations in the following claim chart for the remaining
limitations that—when viewed through the eyes of a POSITA and the knowledge

of the state of the art, including contemporaneous JEDEC standards—indicate

Netlist EX2024
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that the inventors had possession of the claimed subject matter.
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Claim/Elemen Exemplary Citations of Support

lal EX1005, Fig. 1, [0001]-[0004], [0007]-[0008],
fo6+64-
[0010]-[00117, [0014]-[0015], [0016]

.22 EX1005, Fig. 1, [0001], [0004]-[0005], [0007],

[0009]-[00121-10018], [0021]; EX1006, [0019];
EX1007-at, [0015], 109-11, 14-16; EX1008-at,
[0015], 1716-18, 21-23; EX1009, [0006]; EX1011,
4:65-66; 5:31-34, 8:58-62,7:13-22_33 36,

1.a.3 l.a.2

EX1005, Fig. 1, [0010],100180017]; EX1007-a¢
O 11 EX1008 at 1618, [0015], 9-12 14-
17: EX1008, [0015], 16-19, 21-24

l.a.4 [lLa.l]

1.b EX1005, Fig. 1, [0001], [0003]; EX1006, [0001],
[0023], [0025]-[0026]; EX 1007, [0006], 9, 20, 22-
23, 25-38; EX1008, [0001], [0007], [0019], APPX
1, [0006], 16, 27-44; EX1011, 1:22-25, 3:56-60,
7:5054, 11:22-30, Fig. 5A-5B

1ot [1.2.2], [1.a.3], [1.b]

EX1005, Fig. 1, [0004]-[0011], [0014], [0016]-
[0017]; EX1007, 10; EX1008, 17; EX1006,
[0009][0010], Fig. 1

1.d.1 [1.b]

EX1005, [0004]-[0010], [0015]; EX1007,9, 11, 20,
22-23, 25-38; EX1008, 16, 18, 27-44

l.ed.2 [l.a.2], [1.a.3],[1.d.1]

EX1005, [0002], [0005], [0012], [0014]-[0016];
EX1006,— Table—1,  [0004]-[0005],
[0009]-[0020], [0023][0026]; EX1007 at 10;
EX1008 at 17; EX101l 5:56_ 6:51-55,
15:60-6317:31-45_18:3 11EX1009,
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[0008], [0010]-[0011]; EX1011, 5:5-6, 5:54-6:32,
6:51-55, 17:31-45, 17:59-18:11
l.ed.3 fl.etHea2}, La3, 1.d.1, 1.d.2

EX1005, [0002], [0005], [0012],
[0014]-[0016]; EX1006, Fablet;
[0004]-[0005], [0009]-[0020], [00231-][0026];
EX1007 at 10; EX1008 at 17; EX1009, [0008],
[0010]-[0011]; EX1011, 5:5-6, 5:54-6:32,
6:51-55, 15:60-63,-17:31-45, 17:59-18:11
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(¢

[l.a.2], [1.d.1]

EX1005, Fig. 1, [0005], [0008];-[0009],
[0017]; EX1007 at 10; EX1008-at, 17

EX1005,{0004-{6010{, {0015

1.ef21

See 9 84-94, supra.

[lea.2], [l.ea.3].[Lc], [1.d.1].[Le]

EX1005, Fig. 1, [0005], [0008], [0009],
[0017]; EX1007, 10; EX1008, 17.

1.6£32

[l.a.2], [1.ea.3], [1.c], [1.d.1]-, [1.d2¢], [1.£.1]

4—6%4—E9€}998—a{—1-6—2—1—24EX1005 [0002]
[0005], [0012], [0014]-[0016]; EX1006,
[0004]-[0005], [0009]-[0020], [0023][0026];
EX1007 at 9, 10, 14, 17; EX1008 at 16-17, 21, 24;
EX1009, [0008], [0010]-[0011]; EX1011, 5:5-6,
5:54-6:32, 6:51-55, 17:31-45, 17:59-18:11

See 44 81-91. supra.
[1.a2 a3t thettd. 1], [1.d3e]-H-e4

EX1005, Fig. 1, [0005], [0008];--[0009 ;- 06+
EXH007 a0 EX1008at1F

H-ei

EX1005, Fig. 1, [0005], [0008], [0009], [0017];
EX1007 at 109-10, 17; EX1008-at17, 16-17,
24: EX1006, [0009]-[0010], Fig. 1

[F=N

3]

EX1005, [0005], [0009]-[0010], [0013]

[l.a.l], [1.b],[1.d.1]

EX1005, Fig. 1, [00950003]-[0004], [60080006]-
[0009]-
[00107, [0017], [0019], [0022]

[1.ca.42], [1.da.3], [Led.1]

. [3]. [4]EX1005 Fig1- 0017} EX1007- 00151,
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EX1005, Fig. 1, [0005], [0008], [0009], [0017];
EX1007, [0015], 9-12, 14-16; EX1008, 16-19,

[l.a.21], [1.d.1], [1.d.2]

EX1005, [0005Fig. 1, [0001]-[0004],
[0007]-[0008], [0010]:-[66+20011],
[0014]-[06460015], [66+90016];
EX1006EX1009, [0002]: EX1007, 911
EX1008, [0004]-, [60060008],
[66+10010]-[66440012], AppxtFigs. 1-3
16-1878; EX1011, 1:38-4832-57, +5:57-6554-32,
49:3237_4:54-59.7:5054, 8:1 14, 8:52.55,
12:4813:7 Table |, 14:435_15:21 25_15:33 43
15:55-59, Fig SA-5B; Fig. 9. Fig 10A49-10:12,
10:4811:21, 11:31-12:22, Figs. 3, 7-8

[1.ea.23], [1.dc]. [Le], [1.f.1]-[1.£2],
[3], [4] EX1005, [0009], [0017]

[Ne)

[l.a.2]-[1.a.3]

EX1005, Fig. 1, [66620010], [66051061+2%;

[00141-100160018]; EX1006, [0003]-Table 1
[0004]-[0005], [0009], [0011]-[0018], [0020],

[0023]-[0025]-[0026]; EX1007 at 109-11;
EX1008 at 17: EX1009. 10008},
[00101-10011116-18; EX1011, 5:5-6, 5:54-6:32,
6:51-55, 15:60-63, 17:31-45, 1718:5918:3-11

[Different odd and even pages setting changed from off in original to on in modified.].
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[%zﬁ#%ﬂ?g%en pages setting changed from off in original to on in modified.].
81 [La.1], [l.a.2]-[La.3], [1.d12]-[1.d.3]. [9]
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EX1007 at 10; EX1008, 100061 Appx 1 100041,
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EX1009, [606+0008], [066+30010]-[0011];
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EX1005, Fig. 1, [0017]; EX1007, [0015], 9-12 14-
16; EX1008, [0015], 16-19., 21-23;

14 [Ld2]-[1.d.3]. [Lel. [LL1]-[1.£2]. [8]
EX1005, [0005], [0008], [0009], [0017]

15 [Ld.2][1.d3]. [Lel. [LE1][L.£2], [14]
EX1005, [0005], [0008], [0009], [0017]

16 [1.f1,6

17 [8]

18 [1.f.1],[6]

19 [6]

20 (8]

2l.a [l.a.1]-[1.a.2], [1.b], [1.d.1]

21.b [l.c], [1.a.2]-[1.a.3]

2l.c [1.c],[1.d.2],[10]

21.d [1.c],[1.a.2]-[1.a.3]

2l.e [1.c],[1.d.2],[11]

21, [1.£2]

22 [2]

23 [9]-[10]

24 [3]

25 (4]

26 [14]

27 [5]

28 121, [13

29 [13]

VII. OVERVIEW OF THE REFERENCES

9396. 1 provide the following brief overview of each reference cited in the
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A. Perego
9497. U.S. Patent No. 7,363,422 to Perego (“Perego”) was filed January

28,2004, and issued as a patent on April 22, 2008. EXF071Ex. 1071. Perego
discloses a

memory system with point-to-point topology including a “memory module
having a buffer device (e.g., having a configurable width) isolating data, control,
and address signals of the memory devices from the connector interface.” Ex.

EX107+1071, 4:38-45, Abstract, 5:35-55, 8:10-17, 8:20-26. Buffer device 350
18

coupled to memory controller interface 375, which includes a “plurality of
memory subsystem ports 378a-378n.” Id., 4:63-5:15. Perego’s configurable
width buffer device is connected to ports 378a-378n of the memory controller
via a point-to-point links 320. 7d., 5:12-21. Perego repeatedly and consistently
emphasizes the benefits of its point-to-point architecture over a conventional
memory bus as found in the JEDEC DIMM standards. See, e.g., Ex. 1071, 3:47-
56, 4:65-5:1, 5:6-15, 5:32-55, 6:15-19, 13:49-59, 21:46-50, Figs. 3A/3B, Fig.
SA.

9598. Perego’s memory system (300 or 305) isbutt-with-aplarality
ofin the illustrated

embodiments of Figures 3A and 3B are built with a plurality of point-to-point

peint-to-peint-buses (320) connecting a memory controller (310) with memory
subsystems
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subsystems—(330). Ex. 1071, Figure 3A, 3B, 4:63-5:15. These memory subsystems
can be

inserted into sockets (380) and in these embodiments comprise modules (340,

400). Though several embodiments of buses 320 are disclosed they are all
peint-te-peint-point-
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to-point with one end connected to the memory controller and the other to the

controller-and-the-etherto-the-memory subsystem. Ex. 1071, Figures 3A, 3B, 6A,
6B, 7, 8A, 8B, 8C, 4:63-563-

5:15,20:48-64, 20:65-21:3, 21:39-22:9. The point to point links are used to
convey read and write data, and address and control information can be
multiplexed with data or be transported on their own buses. Ex. 1071, Figures
5A, 5B, 5:16-31, 8:10-19, 13:49-59.

9699.Perego specifically refers to a dynamic point-to-point topology to
connect the memory controller to the memory subsystem/module. Ex. 1071,
3:41-47, 5:32-55, 6:57-7:29. A POSITA, being familiar with the Rambus XDR
architecture, would recognize this terminology as being specific to the XDR
architecture. Ex. 1071, 8:1-9, Ex. 2009, p. 10, 11, 12, 15, 17. A POSITA would
recognize that the two configurations of the embodiment of Ex. 1071 at 5:32-55
describes the XDR dual module configurations in which the first module can be
connected to one or two point-to-point links depending on the whether a second
module is a continuity module. Ex. 2009, p. 10.

97 100. All of the embodiments of Perego include a buffer device
and that

couples the memory bus to the memory devices. Many of the embodiments
include a configurable width buffer device (391) as indicated in the title and

Abstract. Ex. 1071, Figure 3C, Abstract. The configurable width buffer device
— Netlist EX2024
Samsung-v-Netlist
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391 is similar to buffer device 405 except that the configurable buffer device
tnchudes the
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includes the Configurable Serialization units 591 and the configurable width

interface 590. Ex. 1071, Figures 3C, 4A, 5A, 5B, 13:6-17, 13:49-59, 14:52-15:6,
15:31-45, 17:22-33.

98- 101. The module/memory subsystem embodiments that are based
on the

configurable width buffer device 391 have a serialization ratio defined. This ratio
is the ratio of the transfer rates of the memory bus and the secondary channel
between the buffer device and the memory devices. Ex. 1071, 14:32-15:45. The
configurable width buffer device can be programmed to adjust the width of the
memory bus (the primary channel), the widths of the secondary channels to the
memory devices and the serialization ratio. Ex. 1071, 14:41-51. This
programmable values of the configurable width buffer circuit 391 can be set via
registers in the configurable width buffer circuit 391 or control signals to the
module and buffer circuit. Ex. 1071, 15:63-16:12, 16:44-17:8.

99.  102. Perego defines his memory system in terms of “memory
devices”

and then goes on to list many different types of memory devices, including
DRAMs, SRAMs, and DDR SDRAMs (even though these are a type of DRAM).

Ex. 1071, 3:52-64. Perego specifically calls out the memory devices in the
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illustrated embodiment of Figure 3C are synchronous DRAMs, which may be
DDR SDRAMs, Direct RDRAMSs, or XDR RDRAMs. Ex. 1071, 8:1-5. However

the memory devices in the embodiment of Figure 3C may be any type of memory
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such as SRAMs, FRAM, MRAM, Flash or ROM. Ex. 1071, 8:5-9. These

memory devices all have very different interfaces. They have different signals
with different timings and voltages. A POSITA would understand therefore that
the embodiment of Figure 3C is very generic and that for each type of memory
device represented as a candidate for memory devices 360a, the channel 370
comprises the signal lines appropriate to that memory device type, said signal
lines arranged in the topology and operating at the frequency and voltage levels
appropriate for that memory type. Channel 370 as illustrated in Figures 3A, 3B
and 3C do not convey any specific channel type or arrangement of memory
devices. Ex. 1071, 7:65-8:9. Dr. Wolfe in his deposition acknowledged that these
memory types were not directly interchangeable. Ex. 2033 (Wolfe Deposition
Transcript), 131:12-23. What Perego does say about the generic channels 370 is
that in the illustrated embodiment of Figure 3C, the buffer device 391 is
configurable in width and that as consequence of adjustments to the memory
device access width (Wa) is reduced as a result of the changing configuration of
the module/memory subsystem and the configurable width buffer 391, the

number of used memory signal lines may be increased or decreased. The
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channels 370 are consequently subdivided into several addressable subsets. Ex.
1071, 14:52-15:6. These subsets are necessarily addressable subsets in order to

satisfy the essential goal of the configurable width buffer 391: that all of the
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storage locations within memory devices can be accessed by the memory
controller regardless of the selected memory device access width. Ex. 1071,
14:54-60.

1+00103. The two disclosed buffer device embodiments in Figure SA and 5B
show the connections between the point-to-point link (also referred to as the
primary channel (Ex. 1071, 15:7-13). Each include one or more interfaces 520.
(Ex. 1071, 16:20-21). The interfaces “receive and transmit to memory devices
to memory devices disposed on the module (e.g., see FIGS. 4A, 4B and 4C) via
channels:”. Ex. 1071, 11:48-51. These are the channels 415 of Figures 4A-4C,
which a POSITA would recognize as Direct RDRAM channels. Ex. 1071, Figure
4A, 4B, 4C; Ex. 2026 (Direct Rambus Tech. Disclosure), p. 8. Perego describes
that the interfaces 520 can include any number of channels, as is consistent with
the illustrated embodiment of Figure 4C. Ex. 1071, 11:51-55.

+01+104. The illustrated embodiments of Figure 4A-4C utilize the buffer
device 405, shown in Figure SA. This buffer device, like the configurable width
buffer device shown in Figure 5B, has a singular request and address logic block
540 which receives control and address information from the interface 510/590.

Ex— 1071, p. 13:54-59. Depending on the bandwidth of the interface 510 of Figure

Figure-5A, both interfaces 520a and 520b are combined to respond to a memory
access

aeeessrequest. Ex. 1071, 11:56-12:2. Thus interfaces are two halves of one
singular
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strgular-memory interface that, depending on the present configuration, may be used
only

partially used.

+02105. This idea is further explained in U.S. Patent Application No.
09/797,099, entitled “Upgradeable Memory System with Reconfigurable
Interconnect,” filed on Feb. 28, 2001 (“the 099 Application”), which is
incorporated by reference into Perego. Ex. 1071, 7:9-17. This application was
issued as US patent No. 7,610,447 (“the *447 Patent”). Ex. 2034 (°447 Patent,
cover page). The 099 Application discloses a module with a plurality of
DRAMs 337, each of which embodies many of the features and circuits of
Perego’s module and configurable width buffer circuit 391. Figures 6, 7, 17, 18
and 19 of the 099 Application (i.e., the *447 Patent) show how single memory
device 337 comprises a memory array 359 made up of a number array
subsections 350. The memory array 359 of the memory device 337 device is
connected to the memory devices I/O pins via a routing data path 354 comprised
to two data path slices 360. Figures 18 and 19 and the associated text illustrate
how the memory array of the DRAM is coupled to the routing data path 354,

which routes data between the memory device data connections and the memory

array subsections 350. Ex. 2034 (°447 Patent), Figures18,19,-10:53-11:25. The
modules and

meodules-and-the corresponding memory devices have programmable width,
preserving access
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to all of the storage locations regardless of the programmed width. Ex. 2034

(’447 Patent), 12:27-39, 12:57-65, 13:1-8.

(Modified) -
150 = 359

358 [ . Memory Array
Reo 1-;1 Docods l |

& Array Access '
Cortrol |

|

|
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353 - :
_L_‘ Routng Data Path
Z4 HT

'&R" |

Data Path Shoo Data Path Sice

T =

Device Data Connechons

3’) ')

Fig. 18

Ex. 2034 (°447 Patent), Figure 18.

+03106. Figure 19 of the 447 Patent shows the implementation of the
routing data path of memory device 337. Ex. 2034 (’447 Patent). This circuitry
allows for the width of the memory device to be programmed to be as little as
one bit. Ex. 2034 (°447 Patent), 13:64-14:20. Depending on the programmed
data path width and the address of the column access command, the routing data

path shunts data to or from specific memory array subsections.
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Ex. 2034 (°447 Patent), Figure 19.

+04107. In particular, Figure 20 shows how the address bits are used in part

to control the multiplexers 380 and 381 to select the read data. If the
data path width is programmed to be wider than its minimum, then some of the

low order address bits are ignored.
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Fig. 20

Ex. 2034 (°447 Patent), Figure 20.
105108. These figures and description from the 099 Application

incorporated by reference into Perego are very similar to the native figures in
Perego: Figure 18 from the application has a lot of similarity to Figure 5B of
Perego; Figure 19 from the application largely includes Figure 5C from
Perego, and Figure 20 from the application is identical to Figure 5D of Perego.
The two descriptions use similar terminology as well (e.g., “routing data path”
vs. “configurable data path router”). Ex. 2034 (°447 Patent), 14:5; Ex. 1071,

15:3334.
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+06109. Thus a POSITA would understand that the principals of operation

of the two embodiments are similar. In particular, the 099 Application makes
clear that the memory subarrays shown in Figure 18 operate as a unit and that a
column access command might involve any of the subarrays, depending on the
programmed device width and the address of the operation. A POSITA would
understand that a prerequisite of this is that the activate command that precedes
the column access must activate all of the subarrays and prepare all of them.
+07110. With regard then to the operation of the embodiment of Figure 5B
of Perego, the native disclosure of Perego indicates that the configurable
serialization unit along with the request and address logic will direct column
accesses to a subset of all the secondary channels—called the target subset—
according to the width of the primary link and the address of the column access,
as indicated by Figure 5D. Ex. 1071, Figures 5B, 5C, 5D, 14:52-15:6, 15:31-45,
18:1-47. Perego notes that this technique of employing a configurable data path
router and accessing only the target subset of secondary channels has the benefit
of reducing power consumption and increasing the number of independent banks
in the DRAMs on the subset secondary channels. Ex. 1071, 15:40-45.
+98111. As noted above, Perego discloses that memory devices 410a-410h
in the illustrated embodiments of Figures 4A-4C were Rambus DRAMs. Ex.

1071, 10:54-56. These figures show channels that are linear in which the control

- - Netlist EX2024
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and data components travel in parallel to all the memory devices in the channel.
This is a characteristic of Direct RDRAM channels. Ex. 1071, Figure 4A, 4B,
4C, 9:43-45; Ex. 2026 (Direct Rambus Tech. Disclosure), Figure 3; Ex. 2025

(Direct Rambus Data Sheet), pp. 46-47.

(Modified)
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Ex. 2025 (Direct RDRAM Data sheet), p. 47, Annotated-

+09112. This topology and signal names are not at all those of a DDR2

SDRAM on a JEDEDC-compliant memory module. Ex. 1069, Figure 19; Ex.

2001, Figure 1, pp 18-19 (“There are several classes of system nets in a
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conventional memory system. For example, an SDRAM-based system may have

an address net, a clock net, a data net, a DQM net, and a control net (CS, WE,
RAS, CAS), (Figure 1). Each of the nets has a different loading and settling time
from the other nets. A key issue limiting memory bus frequency in these systems
is the fact that the loading on these nets increases nonuniformly from net to net

as memory modules are added to the system.”).
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Ex. 1069, Figure 19.
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Ex. 2001, Figure 1.

+H0113. Thus, the topology and signal names of the secondary channels in
these figures would lead a POSITA to understand that these DRAMs were
Rambus Direct RDRAMs.

+H-114. In addition, Perego also states that “other memory devices may be
implemented on module 400, for example, Double Data Rate 2 (DDR2) DRAM
devices and Synchronous DRAM (SDRAM) devices.” Ex. 1071, 10:56-59.
Perego explains that “Utilizing buffer device 405 between the memory devices

and controller in accordance with the present invention (e.g., see FIG. 3) may

feasibly render the type of memory device transparent to the system. Different
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types of memory devices may be included on different modules within a memory
system, by employing buffer device 405 to translate protocols employed by
controller 310 to the protocol utilized in a particular memory device
implementation.” Ex. 1071, 10:59-67. In other words, Perego is not saying that
devices 410a-410h would be JEDEC-compliant SDRAMs communicating
directly withon Direct RDRAM channels, but rather that the buffer device between
the primary channel and the memory devices could be altered to communicate

with DDR2 SDRAMs in a topology consistent with those memory devieedevices—i.e.,

mterfaces—i-e-consistent with Ex. 2001, Figure 1, above. Perego explains that the
point-to-point

the-peint-to-peint-primary channel would not need to be changed or downgraded to
accommodate

to-accommedate-the different type of DRAMs, such as DDR2 SDRAMSs, on the
memory

memory-subsystem. Instead the Direct Rambus channel and the Direct DRAMs shown
in

shown+-Figures 4A, 4B and 4C could be replaced in another embodiment with
other

ether-memory and channel types if the buffer device 405 translated the commands

eommands-received on the point-to-point channel into the protocol and signals expected
by

expeeted-by-the alternative memory device type. By providing a buffer device capable
of this
- - Netlist EX2024
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wndependent-on-the specifics of the memory devices on the module, and the type_of
memory

ef-memeory-device on the module/memory subsystem is transparent to the system.
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+H2115. Indeed, prior art Figure 2A of Perego shows exactly this type of
memory system in which the memories are SDRAM and the primary channel is
a Direct RDRAM channel. “FIG. 2A illustrates a memory system 200 based on

a Rambus® channel.” Ex. 1071, 2:8-10.

l.\:Odlﬁ:’d i
Memory Transiator Hub (MTH)

Ex. 1071, Figure 2A.

+H3116. There is one important consequence of this independence of the

memory device type that is especially relevant to the present proceeding: there
are no ranks as the term is generally understood by a POSITA and no chip select

— Netlist EX2024
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signals on the primary channel. Because the memory system can include
modules that include either Direct RDRAMSs, which are not organized into ranks
as, for example, DDR2 SDRAMs are, or include chip-select signals, as DDR2

SDRAMs it does not make sense to include this concept or these signal into the
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single module, and the memory locations in each module are identified purely
by address bits, chip select signals are entirely superfluous. Indeed, all of the
descriptions of the embodiments of the primary channel do not mention chip
selects. And, for example, the modules shown in Figure 2A use SDRAM;- which
receive chip select signals even though the Direct Rambus Channel on which the
modules sit does not include any chip select signals. Therefore, a POSITA would
understand that those CS signals to the SDRAMs were generated locally by the
Memory Translator Hub (MTH) from the addressing information.

B. JESD79-2

H4117. JEDEC standard JESD79-2, in its many versions defines JEDEC-
compliant DDR2 SDRAMSs. This first version of this standard was released in
September 2003. Ex. 1064, Title page. These SDRAMs and the standard
defining them are described above. For a SDRAM to be compliant with the
standard, it must conform to all of the specifications for the physical, electrical,
temporal, and behavioral characteristics of the devices in question.

+H5118. JESD79-2 1s a DRAM (i.e., memory device) standard. It is not a
module standard. As such, it does not define any memory bus (or signals therein)
between a module and a memory controller or any characteristics or features of
any buffer or register devices on a module. Other documents ratified by the

-— NetlistEX2024
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which rely on the use of JEDEC-compliant memory devices.
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C. Ellsberry

H6119. U.S. Patent Application Publication No. 2006/0277355 (Ex. 1037)
(“Ellsberry”) was filed on June 1, 2005 and published on December 7, 2006.
Ellsberry discloses a memory module architecture that “permits transparent bank
switching of memory devices.” Ex. 1073, [0001]. As depicted in Figure 2,
Control ASIC 204 “receives memory addresses and commands over the DIMM
interface 202” from the system memory controller, and switch ASICs 206 and
208 “receive data information from the DIMM interface 202 via data buses 230
& 232, respectively.” Id., [0028]-[0029]. Each switch ASIC is connected to a
number of memory banks (e.g., Bank 0-3 below). Id. Switch ASICs 206 and 208
receive respectively data byte group N and data byte group 0, provided
“simultaneously” by the DIMM interface 202. /d., [0030], Fig. 2 (depicting at
least two data groups); Fig. 5 (depicting nine data groups).

+H-7120. Control ASIC 204 sends command signals to memory devices in
different memory banks via bus 220. Id., [0030]. This includes mode register set
(MRS) commands that sets the CAS latency (CL) of the DRAMS in the module.

See Fig. 8A for commands sent to the two ranks of memory devices.
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Ex. 1073, Figure 8A.

H-&121. The MRS commands received by the module from the memory

controller are not sent to the ASIC switches. See EXFH073Ex. 1073 generally.

+H9122. Each ASIC switch includes two data ports, Port A and Port B,

coupled respectively to data buses 234 and 236. Ellsberry discloses that in
column addressing scheme, memory devices coupled to both ports A and B are
read but only the data from the target memory device is multiplexed onto the

DIMM interface. EX4+673Ex. 1073, [0033].
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D. Halbert

126123. U.S. Patent No. 7,024,518 (Ex. 1078) (“Halbert”) was filed on
March 13, 2002, and issued on April 4, 2006. Halbert generally discloses
memory module architectures and methods for operating a memory module. Ex.
1078, 1:16-19. As shown in Figures 1 and 8 in Halbert, bus 22 is arranged with
a backbone of address, command, and data signal lines, which provides an
electrical connection for data exchange between memory controller 20 and
memory modules 100A-C. d., 1:31-39, 1:61-2:14, Figs. 1, 8. Figure 8 of Halbert
also shows a first rank of memory devices 140A-H on one side of the module,
and a second rank of memory devices 142A-H arranged on the back side of the
module. /d., 7:31-53.

121124, Figure 7 of Halbert illustrates first m-bit wide data lines (solid lines)
connected to the first rank 140A-H on the front side, and second m-bit wide data

lines (dashed lines) connected to the second rank 142A-H on the back side.

(Modified) Fig.7

140A| |1408| |140C] |1400| [140€| [140F| [120G] [FaoH

m?2

L Interface y R Interf,
i SYNCI \iodule Controter LSYNC 8; -
125 110 130
100 A V2 I A2
0Q (half) ADD/CMD 0Q (hat)

[Different odd and even pages setting changed from off in original to on in modified.].

Samsung Ex. 1096, p. 120
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



- 8683 - Netlist EX2024
Samsung v

Netlist

IPR2023-00454

[PR2023-00455
Patent No. 9,858,215

Ex. 1078, Fig. 7.

122125. As shown above, the Halbert device includes module controller
110, which receives addresses and commands from a memory controller and
sends those addresses and commands to memory devices 140A-H. Id. Halbert’s
memory module in Figure 7 also includes two data interface circuits (e.g., left
circuit 125 and right circuit 130). 7d.

123126. Halbert’s Figure 4 embodiment—which Petitioner relies upon in its
Petition (see, e.g., Petition, p. 127)—shows the schematic representation of
memory module 100 including just one interface circuit 120, and some of the
internal structure of the data interface circuit 120. Data interface circuit 120 is
split into two identical data interface circuits (left circuit 125 and right circuit

130) in Figure 7. Id., 7:31-53.
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+24127. As shown above, memory module 100 includes module controller
110, data interface 120, and memory devices in ranks 140 and 142. Data
interface 120 is coupled on the left side to the system memory controller via m-
bit wide system memory data bus (DQ) and on the right side to two ranks 140
and 142 of memory devices via a 2m-bit wide module data bus (comprising two
parallel m-bit wide module data buses RDQO coupled to rank 140 and RDQ1
coupled to rank 142). Each of the ranks 140 and 142 comprises a plurality of
memory devices or a device array (e.g., rank 140 comprises memory devices
denoted as 140A-140H, as shown above in Figure 7, and rank 142 comprises
memory devices 142A-142H mounted on the back side of the module). Ex. 1078,
Figure 8, 4:36-5:22, 7:31-53. Module controller 110 controls the operation of
data interface circuit 120 by “providing timing and synchronization signals to
data interface circuit 120.” 7d., 4:40-48. Module controller 110 also provides
command, address, strobe and clock signals to the memory devices in ranks 140
and 142 (see buses RADD/RCMD and signals RCLK).

1+25128. Halbert teaches using the data interface circuit 120 to aggregate
data transfers between “slower memory devices” (e.g., memory devices in ranks
140 and 142) and a “faster system memory bus,” by accessing the multiple ranks
of memory devices 140 and 142 simultaneously and in parallel. The data

interface circuit 120 interfaces with “slower memory devices” via a wider (2m-

- - Netlist EX2024
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bit) module data bus at half the data rate of the narrower (m-bit) and “faster
system memory bus.” Id., 4:36-5:22. In this manner, “multiple ranks will receive
the same address and commands, and will perform memory operations with the
interface circuit concurrently.” Id., 4:57-59 (emphasis added). According to
Halbert, its unique design “widens the data bus on the memory module as
compared to the width of the system memory data bus,” which “allow[s] a faster
system memory data bus to operate at full speed with slower memory devices.”
Id., 3:43-48. In other words, the memory device array has a data interface that is
twice as wide and half the data rate as the memory bus between the module and
memory controller.

E. Matsui2

129. The Matsui2 reference (US Patent Application Publication No.

2003/0039151, Ex. 1082) is included in the 215 Petition to address certain

elements of Claim 7 (i.e., “wherein the ODT circuit in the at least one of the

plurality of memory devices is disabled”) and 1s cited with respect to Ground 4.

Matsui2 discloses a termination mechanism in a memory systems such that the

termination resistors can be turned off when their resistance would disrupt the

signal integrity between the memory controller and other memory devices.
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Ex. 1082, Figure 2.

VIII. GROUND 1 DOES NOT RENDER THE CHALLENGED CLAIMS
OBVIOUS

+26130. In Ground 1, Petitioner relies on a combination of Perego and

JESD79-2 to findcontend that all the elements of all of the claims of the 447215 Patent
obviets:

are obvious. The analysis leading to this conclusion is flawed and misapprehends-the

the teachings of the references, the motivation on the part of a POSITA to
combine

combine these references, and the technical characteristics of the purported
combination once completed.

A. Motivation to Combine

127131. Petitioner states that a “POSITA would have ... been motivated to
— Netlist EX2024
Samsung-v-Netlist
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signals, according to JEDEC standards, including JESD21-C and JESD79-2.”

Petition, p. 3234. The first flaw here is that Petitioner relies heavily on combining
Perego with the portion of JESD21-C found in Ex. 1066, which is not one of the
references cited as part of the combination. The RDIMM standard in Ex. 1066
relates to DDR2 SDRAMs, but the RDIMM standard is distinct from the DDR2
SDRAM standard cited as part of the combination. The RDIMM format is also
functionally and operatively distinct from the Perego embodiments relied on in
the Petition, as I have also discussed in detail above.

+28132. Furthermore, the conclusion drawn is not supported by the full
disclosure of Perego in view of JESD79-2 or the portion of JESD21-C of Ex.
1066. Perego is premised on a memory system architecture and topology
centered around a dynamic point-to-point interconnect connecting the memory
controller to the memory subsystems/modules. Ex. 1071, 2:40-42, 4:64-5:15.
The point-to-point interconnect topology allows for much faster communication
and higher bandwidth solution in comparison to the multi-drop bus
interconnection inherent in the design of RDIMMs. Further, Petitioner indicates
that that POSITA would be motivated to transform Perego’s module according
to Section 4.20.10 of JESD21-C. Petition, p. 3234. The JEDEC module standards

specify everything needed to ensure that modules are reliably and

interchangeably available from multiple vendors, including all of the required
IPR2023-00455
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input and output signals, timings, voltages, trace lengths and topologies.
Providing a module that is built according to some, but not all, aspects of the

standard, as suggested by Petitioner, is of very little value because they would

not be JEBEC-eemplaintJEDEC-compliant and thus would not be
interchangeable with other

JEDEC-standardized modules.
+29133. Regardless, Petitioner only mentions implementing “Perego’s
memory modules in a registered DIMM format with DDR memory devices that
fits into DIMM connectors and uses DIMM module input signals, according to
JEDEC standards, including JESD21-C and JESD79-2.” Petition, p. 32. In this
regard, Section 4.20.10 of JESD21-C requires Clock Enables, Chip Selects,
exactly 3 Bank Address signals, ODT (on-die termination), bidirectional
differential data strobe signals, data mask signals and a voltage reference signal.
Ex. 1066, p. 6. These are all unnecessary, unusable or detrimental in the context
of Perego’s memory system and module architecture. For example, Perego’s
Direct RDRAM and XDR DRAM embodiments require additional Bank
Address bits to properly address the banks internal to those memory device
types, so compliance with the standard in Ex. 1066 would make the module non-
functional for Direct RDRAMs and XDR DRAMSs, which would defeat Perego’s
ability to support “[d]ifferent types of memory devices ... on different modules
— Netlist EX2024
Samsung-v-Netiist

JPR2023-00454
Samsung Ex. 1096, p. 129

Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



within a memory system,” Ex. 1071, 10:63-67, as well as Perego’s support of

Netlist EX2024
Samsung v Netlist

Samsung Ex. 1096, p. 130
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




IPR2023-00455
Patent No. 9.858.215

not only “backward compatibility with existing generations of memory devices,”
but also “new generations of memory devices,” Ex. 1071, 6:39-43.

130134. Perego’s addressing structure is heavily influenced by the
configurable data bus width of some embodiments and the reliance on Direct
RDRAMs and XDR DRAMs as the DRAM types in many of the essential
embodiments, and there is no suggestion in Perego that another addressing
model would be consistent with the principal embodiments of Perego. In all
cases, in Perego’s memory system into which the disclosed modules reside,
having a plurality of chip select signals on the primary channel would be
superfluous because identification of the memory module and memory device is
accomplished in Rambus memory structures by the address alone. As discussed
above, even if DDR2 SDRAMs are used, the primary channel still follows the
Rambus architecture and not the JEDEC architecture. Thus, in Perego’s memory
system, the buffer generates chip select signals for any DDR2 SDRAMSs, and
therefore providing a primary channel and modified Perego-like module that
includes signal trace and socket connections for them would not make sense, and

a POSITA would not be motivated to do so. This is true regardless of whether

the memory devices and secondary channels are Direct RDRAM based, XDR

— NetlistEX2024
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translation embodiments. Ex. 1071, 9:54-57, 10:54-67.

Netlist EX2024
Samsung v Netlist

Samsung Ex. 1096, p. 132
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




IPR2023-00455
Patent No. 9,858,215

13+135. Petitioner argues that a POSITA would look to JESD79-2 to

implement Perego’s system with JEDEC-compatible memory devices. Petition
p. 31. They further argue that because Perego discloses exploiting features of
new generation of memory devices while retaining backward compatibility
supports the idea that a POSITA would look to JESD79-2 when implementing
Perego’s memory subsystems. Both of these arguments are wrong.

132136. First, Perego already explains how to use existing memory devices
within his modules without modifying or crippling the primary link i.e. the point-
to-point links 320. Perego describes how the buffer circuit can perform protocol
translation in order to employ JEDEC-compliant memory devices on the
modules instead of, for example, the Direct DRAM memory devices shown in
Figure 4A, 4B and 4C. Ex. 1071, Figures 4A, 4B, 4C, 10:63-67.

4+33137. Second, this technique is directly illustrated in prior art figure 2A,
in which JEDEC-compliant Synchronous DRAMs are used on an S-RIMM
module the interface of which is compatible with the Rambus Direct RDRAM
architecture. Ex. 1071, Figure 2A, 2:8-10.

+34138. Third, the backward and forward compatibility is facilitated by
having a high performance primary channel such as the point-to-point links

disclosed. If the module interface was downgraded to be related to the disclosure

of JESD79-2, then a) it would not be possible to take full advantage of the
IPR2023-00455
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performance of the Direct RDRAM memory devices or the XDR RDRAM

memory devices and have compatibility across the full spectrum of modules
contemplated by Perego (Ex. 1071, 8:1-5, 3:23-40), b) it would not be possible
to use the important concept of bandwidth concentration to get the most
performance possible out of Perego’s inventive embodiments (Ex. 1071, 11:56-
12:3) and c¢) forward compatibility would be lost because the primary link
interface would be stuck at DDR2-levels even as DDR3 and subsequent JEDEC-
standardized and Rambus DRAM architectures came to the fore.

135139. Fourth, memory architecture and the primary link interface 320
shown in Perego is consistent across embodiments with buffer devices 350, 405,
and 391. The configurable width buffer device in particular must adapt the
address map according to the programmed primary link interface width. This is
essential to preserve accessibility of all storage locations on the module in the
face of dynamic changes to that width. A POSITA would soon realize that an
addressing scheme based on chip selects is incompatible with such variable
width interfaces because the address of storage locations would change across
dynamic changes in interface width (because as the interface width changes the
number of bits associated with each address changes and so the address of each
storage location changes accordingly), which is an explicit goal of Perego. Ex.
1071, 16:66-17:8. This is made even more difficult for a POSITA given the

[PR2023-00455
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additional complication the connections from the memory to a module may also
change dynamically with the change in the buffer width. Ex. 1071, 5:32-55.

1+36140. In sum, a POSITA, considering Perego in full would realize that it
is not practical to make the primary link interface resemble that of a DDR2
SDRAM as described by JESD79-2 or that of a DDR2 RDIMM as described by
part 4.20.10 of JESD21-C. Instead, the XDR RDRAM interface, with its native
variable width data interface and a rational addressing model is a more natural
fit for the primary channel of Perego’s disclosed memory module. Ex. 2009.

137141. As noted above, the higher bandwidth performance of memory
systems constructed of Rambus Direct RDRAMs or XDR DRAMs stems from
the channel architecture, including the topology and signaling standards.
Changing the primary channel of Perego to resemble that of a DDR2 SDRAM
as suggested in the Petition would deprive Perego of the basis of its advantages,
as well as compatibility with heterogeneous memory systems.

138142. Part of the rationale provided by Petitioner for the motivation to
modify the disclosed embodiments of Perego relates to the prior art module
architecture disclosed in Figure 1 and elaborated on with regard to patent
5,513,135, Ex. 1071 1:58-2:6, Petition, p. 32. However, Perego is not lauding
this architecture but highlighting its deficiencies which the inventive
embodiments overcome. Ex. 1071, 2:15-29, 6:24-30 (“Controller 310 receives

[PR2023-00455
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the signals corresponding to the data at corresponding ports 378 a—378 n. In this
embodiment, memory subsystems 330 a—330 n are buffered modules. By way of
comparison, buffers disposed on the conventional DIMM module in U.S. Pat.
No. 5,513,135 are employed to buffer or register control signals such as RAS,
and CAS, etc., and address signals™). In other words, a POSITA would not read
Perego as suggesting this architecture but rather as discouraging #-or teaching

away from using it.

139143. Thus, a POSITA would not be motivated, as Petitioner suggests, to
implement Perego’s memory modules in a registered DIMM format ... and uses
DIMM module input signals according to section 4.10.20 of JESD21-C because,
among other things:
1) Such a module would have lower performance than the module
contemplated by Perego.
2) Such a primary channel would provide signal traces to convey
signals that are not transmitted nor received.
3) Such a module would provide inadequate addressing for the
memory types that are central to the inventive advantages disclosed

by Perego. In particular, the module interfaces defined by section

4.10.20 of JESD21-C allow for 4 chip select signals, 3 bank address
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bits, and up to 16 row and column address bits per bank. A POSITA
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would recognize that if the modules described by Perego were
modified as described by the Petition, there would be, at a
minimum, inadequate bank address bits and no interface support for
sub-column addressing Ex. 2009, p. 7, 8, 11.

4) Perego already discloses the use of DDR2 SDRAMs within its
modules through the use of protocol translation with certain
embodiments of its buffer device. Ex. 1071, 10:63-67. Thus a
POSITA would not have a reason to modify the Perego architecture
away from the dynamic point-to-point interconnect system and the
advantages presented by this system. Ex. 1071, 3:55-61.

5) Perego discloses that the memory interfaces 520 on buffer circuit
can drive an unspecified number of subsets. Ex. 1071, 7:48-64.
Perego indicates that the address of a read or write in conjunction
with the current configured width of the interface, not a chip-select
signal, specifies which target subset or subsets will be accessed in
response to the command. Ex. 1071, 14:62-15:6. Thus an interface
in which chip-select signals are an integral part of the subset

selection mechanism is not consistent with the teaching of Perego.
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+40144. The overwhelming evidence then, in light of the teaching of Perego
and the limitations of the devices specified by JESD79-2 and Section 4.20.10 of
[PR2023-00455

Patent No. 9,858,215

JESD21-C-rean, indicates that a POSITA would not alter the primary link interface
to-be

to be based on these standards.

B. Independent Claims

Bl. Independent Claim 1

+:a) [l.a.1] Memory Module:

145. On pages 35-37, Petitioner states-that—As-demonstrated-by-comparing
Eigures3B-4Cpresents figures of Perego with added

Peregocoloring that may appear to reflect superficial similarities; with Figure 1 of the
presentation obscures

’215 Patent, to which Petitioner has also added its own coloring. Petition, p. 13.

However, Petitioner’s misleading presentation obscures fundamental differences

fundamental-differences-between the figures and the modules the references | . -v.0,
Samsung-v-Netlist
1PR2023-00454
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disclose.

+43146. First, a POSITA would understand that Figure 1 of the 447215 Patent

does not disclose any physical structure. Figure 1 is schematic in nature and the

two ranks will not be laid out as shown in Figure 1 but rather as shown in Figures

1
1
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16A and 16B. The modules 10 of Figure 1 of the 447215 Patent are meant to be

compatible with standardized modules, such as RDIMMs. Ex. 1001, 65:43-50-
163-6:3.

In contrast, a POSITA would recognize that Figures 3B, 3C, 4A, 4B, and 4C of
Perego show the approximate physical placement of the devices on the module,
with the buffer devices shown in the middle of the module as was common in
such modules so that signal trace lengths can be minimized and equalized. Put
simply, a central buffer does not imply the existence or number of ranks or
anything regarding the rank structure.

IPR2023-00455
Patent No. 9.858.215

+44147. Second, while the 417215 Patent seeks to preserve commonality
with

the JEDEC standardized modules, Perego explicitly turns away from that style
of memory system architecture to develop systems that are both higher
performance and expandable and which different embodiments can use different
memory types without changing the primary channel characteristics or the

advantages of its memory system architecture. Ex. 1001, 65:43-5663-6:3, Ex.
1071,

4:63-5:15.

2:b) [1.a.2] Operable in a Computer System

+45148. On page36pages 37-38, Petitioner misrepresents the motivation
behind

Perego’s disclosed architecture and embodiments. Specifically, Perego’s Figures

1, 2A and 2B represent prior art embodiments that Perego’s embodiments

- - Netlist EX2024
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allegedly #mpreveimproved upon. The memory system architecture of Figure 1 is
a

conventional memory system using modules that, like the JEDEC-standardized
modules, have shared multi-drop control, address and data buses (130 and 140)
and separate module control lines 150 that are dedicated to each module in the

memory system. Ex. 1071, 1:31-41.
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(Modified) ~N

L 7208_[ 7200_4 120¢
110N 130~
. 140~ VO i O
Memory 1508~ o
Controller 1500~
1500~ i

Module # 0 i 2
FIG. 1
(Prior Art)

Ex. 1071, Figure 1.

146149. This prior art architecture provides an upgradeable memory system
and configurations with different memory capacities. Ex. 1071, 2:15-17.

But each configuration may present different electrical characteristics to the
control/address bus. Ex. 1071, 2:17-22. A POSITA would understand that this
variation in the electrical characteristics limits the performance of the memory

system, Ex. 1071, 2:22-25.
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+47150. The need that Perego’s disclosed architecture and embodiments
address is for a memory system architecture and implementations that

replicate the upgradeability of the prior art system of Figure 1 but at higher
bandwidth, principally by using point-to-point interconnects in which the
electrical characteristics are constant regardless of the configuration of the
memory

[PR2023-00455
Patent No. 9,858,215

system. Ex. 1071, 2:26-29. This does not in any way, imply compatibility with
prior-art computers. Indeed since Perego’s memory architecture, as shown in

Figures 3A and 3B are very different from that in the prior art Figure 1, there 1s

no suggestion of backward compatibility with that class of system.

- - Netlist EX2024
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%%ﬂ?%%en pages setting changed from off in original to on in modified.].

+49151. In both the embodiments using the buffer device 405 (shown in
Figure 5A) or the configurable width buffer device 391 (shown in Figure 5B),

the multiplexers 530a and 530b perform “bandwidth-concentrating operations”

to account for different widths and transfer rates on the memory device side
(interfaces 520a and 520b combined) and the memory bus side of the buffer

device (interface 510 in Figure 5A and interface 590 in Figure 5B). Ex. 1071,

11:56-12:3, 15:7-45, 16:17-21, 21:4-38.

3.¢c) [l.a.3] SignallinesMemory Commands

+50—Ctatm152. The preamble of claim 1 of the 417215 Patent requiresrecites
that the memory-bus—conneetingclaimed

memory module operates in response to commands received by the memory

the-module te-thefrom a memory controllercomprise-address-and-control-signal-lnes.

153. The Petitioners in response point to Perego, which discloses using

DDR SDRAM devices that store or retrieve data in response to “a write or read

command.” Petition, p. 42. The Petition makes no showing that this command

received by the SDRAMs on the module is the same command in form or

function as is received by any of Perego’s module embodiments. Indeed,

Petitioners completely ignore the disclosure of Perego with respect to the

- - Netlist EX2024
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addressing mechanisms in XBRRDBRAMs—fo+the ether-memory deviee
typessystem of Perego, the widthimpact of anthe point-

to-point memory interconnect on the nature and form of the commands, and, for

example and as explained above, the absence of any chip select signals provided

in any embodiments of the primary channels 320.

5.d) [1.d-}] Ranks

+62154. Claim 1 requires that the recited memory devices are mounted on

the printed circuit boards and arranged in a “plurality efN-bi-wide-ranks.” Ex. 1001,
37:32-

- - Netlist EX2024
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+63155. Petitioner’s proposed construction of rank is “an independent set of
one or more memory devices on a memory module that act together in response
to command signals, including chip-select signals, to read or write the full bit-
width of the memory module.” Petition, ppp. 2627-28.

+64156. As noted above, a district court in a related proceeding has

construed a rank to be “a ‘bank’ of one or more devices on a memory module

that operate in response to a given signal.” Ex-2030, 20230 (Claim Construction

Order), p. 15. As explained above, this construction is not consistent with
B

memory modules in existence around the time of the 447215 Patent or Perego (or
subsequently to this day) due to the ambiguous term “bank™ and—if “a signal”
means a single signal—the requirement that memory devices operate in response
to a single signal. It is not consistent with Petitioner’s proposed construction,

which expressly requires chip-select signals and reading or writing the full bit-

Netlist EX2024
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width of the memory module (Petition, p. 26), for example, and also conflicts
with Dr. Wolfe’s description of “rank” as including memory devices that “are
acting together in response to the chip select signals, to read or write the full bit
width of the memory module.” Ex. 2033 (Wolfe Deposition Transcript), 154:7-
24.

+65157. Under Petitioner’s proposed construction, Petitioner fails to
demonstrate that Perego discloses the elements of claim 1 of the 447215 patent
relating to a plurality of N-bit wide ranks, and in fact Perego does not disclose
these elements. Petitioner begins by quoting Perego as disclosing “grouping
memory devices into multiple independent target subsets (i.e. more independent

banks),” Petition, p. 6756 (quoting Ex. 1071, 15:37-45), as “render[ing] obvious

the claim limitation ‘ranksrank[s]” as properly construed.” Petition, p. 6756. Dr.
Wolfe

likewise testified in this proceeding that the same passage of Perego references
ranks. Ex. 2033 (Wolfe Deposition Transcript), 71:5-72:4. But this passage has
nothing to do with ranks, much less ranks according to Petitioner’s proposed
construction. Indeed, in a prior deposition regarding a related Netlist patent, Dr.
Wolfe testified: “I do not think that this paragraph [the same paragraph in
Perego] specifies how ranks are selected or enabled,” and he further testified that
“independent banks” refers to “the number of page registers which can be

9

activated corresponding to different addresses” “throughout the system.” Ex.
IPR2023-00455

Patent No. 9,858,215
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2003, 202:8-204:10. Indeed, this paragraph of Perego states that “the target
subset of secondary channel lines may be selected via address bits,” which are
distinct from the chip-select signals required by Petitioner’s own proposed
construction. See also Ex. 1069, p. 2 (stating that “the chip-select bus, is essential
in a JEDEC-style memory system”).

‘. ] lusic of 4] el petit lso Lol ]

158. Petitioner also looks to the illustrated embodiments of Figures 3C,

4A, 4B, and 4C and colors them to suggest that these embodiments disclose
ranks generally. I disagree.
+67159. Looking first to the illustrated embodiments of figures 4A and 4B.

As explained above, a POSITA would understand that these embodiments are
Direct RDRAM embodiments and that the illustrated memories 410 of Figure
4A and the unlabeled memory devices of Figure 4B are DRDRAMs and not
DDR2 SDRAMs or any other variety of JEDEC-standardized DRAM memory
devices. Ex. 1071, Figures 4A, 4B, 2:46-47, 9:26-57, 10:5-13. Direct RDRAMs
do not receive a chip-select signal. Instead, as explained above, Direct RDRAMs
receive commands that include a 5 bit chip ID as integral part of the packetized
commands. Direct RDRAMs are programmed with a unique ID and thereafter
they recognize and act on commands that include that ID. Ex. 2001, p. 20, Ex.

2026 (Direct Rambus Tech. Disclosure) p. 11; Ex. 2025 (Direct RDRAM Data

Sheet), pp. 2, 6-9, 29.
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+68160. In addition, the illustrated Rambus Direct RDRAM data channels

are 16 or 18 bits wide only. Ex. 2001, pp. 20-21. Petitioner’s argument is based

NetlistEX2024
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on finding a 64-bit wide data bus in the primary link and the same width at the
memory devices. This is certainly not the case here.

+69161. Therefore for at least these reasons, the illustrated embodiments of
Figures 4A and 4B of Perego do not disclose the rank elements under Petitioner’s
proposed construction of rank.

+70162. A POSITA in considering the illustrated embodiment of Figure 4C
juxtaposed with those of Figure 4A and 4B and using the same unit numbers for
the channels and the memory devices, along with the topological similarities to
Figure 4B, would indicate to a POSITA that this embodiment also uses Direct
RDRAMs. Ex. 1071, Figure 4B, 4C, 4A, 4B, 2:46-47, 9:26-57.

+71163. Petitioner also looks to the illustrated embodiment of Figure 3C to
find the claimed ranks within Perego. Figure 3C is a more generic figure that
does not indicate the type of DRAMs being used within it. Perego does indicate
that the configurable width buffer device 391 shown in Figure 3C and 5B can
perform protocol translation to facilitate memory modules using legacy memory

devices such that the modules are compatible with the point-to-point primary

link without modification. Ex. 1071, 2:43-45, 7:30-39, 7:65-8:5, 13:6-17.
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+72164. As described above, a POSITA considering the embodiment of

Figure 3C would understand that the interfaces 520a and 520b of configurable

width buffer device 391 are part of a pair working in tandem, controlled by the

NetlistEX2024
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Request and Address Logic 540. In a further embodiment, the pair of interfaces
520a and 520b can together can be programmed to access the JEDEC-
standardized memory devices having widths between x4 and x16 totaling 64 bits.
Also as explained above, A POSITA would recognize this physical and logical
organization as sharing this feature with the JEDEC-standardized RDIMMs,
which include a register device in the middle of the module. This understanding
is reinforced by the disclosure of the 099 Application incorporated by reference
and the use of addresses to select target subsets for read and write transactions.
Also as described above, this means that all of the memory devices on the target
subsets, recognized by a POSITA in Figure 5B as the up-to-8 channels of width
Whort,s need to be activated together, meaning that they are all part of one DDR
SDRAM rank.

+73165. When the disclosure of Perego is considered in its entirety, a
POSITA would conclude that the illustrated embodiment of Figure 3C discloses,
in a DDR2 SDRAM configuration, a single rank of up to 64 bits in width.
However, the configurable width interface 590 of configurable width buffer
device 391 illustrated in Figure 5B has width 128 bits regardless of its being

IPR2023-00455
Patent No. 9,858,215

configured at any one time to use any binary number of these from 1 to 128. Ex.

1071, 14:19-23.
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+74166. Therefore, Petitioner’s finding of the rank element of Claim 1 of

the *447215 Patent fails under its own proposed construction because 1) Perego, in

its disclosed Direct RDRAM embodiments fails to disclose the required chip-seleets

select signals or the same bus width at the memory devices and the primary

channel, and 2) in #tsa DDR2 SDRAM embodiment of Figure 3C, Perego fails to
diselose

disclosed a “plurality of ranks-eaeh-with” on a module, and fails to disclose the same
bus

s et e b Lo Db oo b o e Bucwidth at the

memory devices, as well as the required chip select signals.

e) Summary

elementsof167. Petitioner has sought to invalidate claim 1 of the *4H-Fpatent
arestnotpresentm-PeregoWithregard2 15 Patent by

principally pointing to the embodiments of Perego and by claiming that many of

the essential differences between these two references are inconsequential and/or

obvious to overcome.
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168. Specifically, the 215 Patent discloses and claims modules that use

JEDEC-compliant DRAMs and that have a memory bus interface that is similar

to JEDEC-standardized RDIMMs. Improvements are made to improve the signal

loading and improve bandwidth performance within the context of a multi-drop

memory bus with conventional signal trace topologies.

169. In contrast, the principal and illustrated embodiments use

unconventional DRAMs developed by Rambus Inc. and are not JEDEC-
[PR2023-00455
Patent No. 9,858,215

standardized. Conventional SDRAMs can also be used because of the protocol

translation embodiments of the buffer device. But the essential and radically

different approach of Perego is the focus on a dynamic point-to-point memory

system topology and configurable data path widths allowing for changes to the

capacity of the memory system, changing the number of used DQ signal traces

on the primary channel without losing access to any of the storage locations.

170. And vet Petitioner, by misrepresenting the teaching of Perego, finds

apparently obvious transformations to warp Perego’s approach into the very

different disclosed and claimed modules of the 215 Patent.

2. Independent Claim 21

171. Claim 21 is closely related to claim 1 except that it is recited in

method form. In particular, it also recites in its preamble “memory integrated

circuits arranged in ranks and mounted on a printed circuit board having a

Netlist EX2024
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plurality of edge connections coupled to the memory bus, the memory integrated

circuits including at least one first memory integrated circuit in a first rank and

at least one second memory integrated circuit in a second rank.” Ex. 1001, 39:55-

61. The recitation of ranks is comparable to that of Claim 1, and thus Claim 21

is not rendered obvious by Perego in light of JESD79-2 for similar reasons as

outlined above.
[PR2023-00455
Patent No. 9.858.215

C. Dependent Claims

172. As explained above, Petitioner has not shown that Claims 1 or 21

are rendered obvious by the full-diselosurecombination of Perego thatthe
two-interfaceunits 520a-and 520b-eperateand JESD79-2.

Consequently, all dependent claims in the 215 Patent that depend directly or

indirectly on one of these two claims are similarly not shown to be obvious under

this Ground. Furthermore, Claims 4. 8, 9, 14, 15, 17, 20, 23, 25, and 26 are not

rendered obvious for the additional reasons outlined below.

1.  Dependent Claim 4

173. Claim 4 depends from Claim 1 and further recites “an SPD device

that reports an overall CAS latency of the memory module to the memory

controller, the overall CAS latency having one more clock cycle than an actual

operational CAS latency of each of the plurality of memory integrated circuits.”

Ex. 1001, 38:5-10.

174. With regard to Claim 4, Petitioner’s efforts [with regard to Claim, ., ...,

Samsung Ex. 1096, p. 163
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3, referred to in the section on Claim 4] to show the “one more clock cycle”

Netlist EX2024

1
1

o

QD
E
2
ol

Samsung Ex. 1096, p. 164
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



Samsung Ex. 1096, p. 165
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



standardized SDRAMs (Petition pp. 81-82), which is irrelevant to any difference

between the recited overall CAS latency of the module and the actual operational

CAS latency of the memory devices-and-the-module-inputsby-which-data-may-be
registered—See. Petitioner also relies on a disclosure found

+062(only in the DDR RDIMM specification of JESD21-Cyp-—68—itisirrelevantte
this-elatm-element— (Petition, p. 9582 (citing Ex.

HSB21-€1062, p. 68, note 1)), which is not asserted by Petitioner in any ground,
and-whicha

[PR2023-00455

Patent No. 9,858,215

which a POSITA would not be motivated to implement in connection with

h-Perego for the

reasons explained above.

00 Similatly_rof ditive I , v ierel .
175. The Petition says the purpose of Additive Latency is to “leave

enough time for

the register on the DIMM to perform its thefaddress—and-controlregisteronthe
R T e
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functions.” Petition, p.-95

1. This is completely false. Additive Latency relates to_the latency of the

the-tateney-ofthe-SDRAMs (so it is part of the “actual operational CAS latency of
each of the

plurality of memory integrated circuits”). It is not about any additional latency

added at the module level. It was added to the definition of JEDEC-standardized
SDRAMs in order to allow row commands and column commands to be
delivered back to back, thereby greatly simplifying the scheduling of the
memory device command and address bus. Ex. 1064 (JESD 79-2), p. 24 (“[T]he
DDR2 SDRAM allows a CAS read or write command to be issued immediately
after the RAS bank activate command (or any time during the RAS-CAS-delay
time, tRCD, period). The command is held for the time of the Additive Latency
(AL) before it is issued inside the device.”). This is why the AL parameter is
programmed into the SDRAM device itself using an EMRS command and not

on a module component. Ex. 1064 (JESD79-2), p. 14.

Netlist EX2024
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5 5

belew}176. Petitioner also says that by using “internal” clock etrewit-570a-b

(purplesbelewrcircuits 570a and 570b, the latency could be adjusted. Petition p. 82.

+85177. The Petition recites 3 passages for Perego in support of these
assertions: 18:65-19:3, 17:61-63, 12:65-13:5. Petition p. 82. None of these

actually speaks to the question at hand. The passage at 12:65-13:5 is about the
global clock source for the buffer device and not about the timing of data through
the buffer device. The units 570a and 570b are clock circuits for generating and

adjusting clock signals so they meet phase requirements for proper operation of the

Netlist EX2024
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buffer device. Ex. 1071, 12:12:52-13:5. They may include a “Direct Rambus Clock

Generator” which was a device that Rambus specified and a variety of
semiconductor vendors produced. Perego discloses that this functionality can be
within the buffer device 405 instead of being a discrete separate integrated circuit.
Regardless of its location, its functionality is the same. Ex. 2035 (Direct Rambus

Clock Generator). Specifically it “includes signals to synchronize the
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Direct Rambus channel clock to an external system or processor clock.” Ex. 2035

(Direct Rambus Clock Generator), p. 1. The nature of the Direct Rambus Channel
is such that the phase of the ClockToMaster must be adjusted so that the clock
signal arrives at the buffer device in phase alignment with the buffer-devices
internal clock so that the incoming data can be properly captured. This is what
the clock generator does. Ex. 2035 (Direct Rambus Clock Generator), p. 1

(“Synchronizes the Clock Domains of the Rambus Channel With An External
System or Processor Clock.”). The signal ClockToMaster and the buffer device
internal clock are provided to the PCLKM and SyncCIkN input puts to the clock
generator and it adjusts the phase of CLK and CLKB so that those two inputs are
phase aligned. This is all it does and it is only relevant to the Direct RDRAM-

based embodiments. It is irrelevant to the question of whether there is an extra

clock cycle of latency added to the path through the buffer circuit.
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1+86178. The passage at 17:61-63 1s about the structure of the
multiplexer/demultiplexer, not its timing. And finally, the passage at 18:65-19:3
is about whether the multiplexer/demultiplexer 597 implements a full or partial

crossbar. None of the support offered actually supports the statements made

about the delay experienced by data as it traverses the buffer device.

Netlist EX2024

Samsung v Netlist
Samsung Ex. 1096, p. 174

Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454



1PR2023-00454

179. Thus, Petitioner has failed to show how Perego in light of JESD79-

2 renders this claim obvious.

2. Dependent Claim 8

180. Claim 8 depends from Claim 1 and further recites “the memory

module of claim 1, wherein the buffer comprises combinatorial logic, registers,

and logic pipelines, and is configured to register an additional clock cycle for
IPR2023-00455
Patent No. 9,858,215

transferring the first data burst or the second data burst through the buffer.” Ex.

1001, 38:35-39.

181. The Petition refers back to Claims 3 and 4 to show the “additional

clock cycle for transferring data” in the claimed buffer. The analysis offered for

those claims point to JESD21-C, additive latency, and the clock generator

circuits to attempt to show this feature. As explained above in connection with

Claim 4, these have no relevancy to the question of how much delay is present

through the buffer circuits in Perego.

182. This section also refers to rank multiplication, which is not

implemented in Perego. Petition pp. 95-96. Petitioner suggests that Perego

teaches rank multiplication and that the language about target subsets being

selected by addresses teaches the pervasive use of rank multiplication and the

increase in presumed chip select signals at the memory device side of the buffer

circuit relative to the primary link side. This not correct. Perego does not

implement rank multiplication. There is no suggestion within the disclosure of

Netlist EX2024
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Perego that the memory controller is presented with a view of the memory

system in which it appears to the memory controller that two or more memory

devices are actually one larger device. The idea that addresses can be used to

identify and route transactions to specific target subsets of channels 370 is

completely different from the rank multiplication that can occur in memory

Netlist EX2024
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modules of the style standardized by JEDEC such as those found in JESD21-C.

Ex. 1071, 11:56-12:3, 15:31-42; Ex. 1066.

183. This idea of addressable target subsets of a wider channel in the

embodiments with a configurable width buffer device 391 and stems from the

fact that in these embodiments the configured width of the active portion of the

primary link 320 can be less than the width of the channel 370 and address bits

are how the buffer device 391 knows which portion of the wide channel 370 is

being accessed. Ex. 1071, 7:30-64. Data is routed to and from the narrower

portion of the primary link 320 to the addressed portion of the wide channel 370

by the configurable data path router. Ex. 1071, 15:31-42. This idea of narrow

subsets of a memory array is evident in the sub-column address bits found only

in XDR RDRAMs: for the other memory device types, the width of an

Samsung Ex. 1096, p. 177
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efeachaddressable target subchannel is limited by the width of the memory devices.”

2009 (XDR Arch.), pp. 2, 6, 8, 12, 16. In JEDEC-standardized modules, the

individual byte lanes are not allocated unique addresses that the module is

cognizant of. Ex. 1066, pp. 6-7, 42.

184. Thus, Petitioner has failed to show how Perego in light of JESD79-

2 renders this claim obvious.

83. SummaryDependent Claim 9

185. Claim 9 depends from Claim 1 and further recites “the memory

module of claim 1, wherein the first memory command includes at least one first
[PR2023-00455
Patent No. 9,858,215

chip select signal and the second memory command includes at least one second

chip select signal.” Ex. 1001, 38:40-43.

186. In the analysis of this claim, Petitioner again principally looks to (E
= = INCLUTS

Samsuna v Netlist
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Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454

1
1

o

QD




JESD79-2. which is the DDR2 SDRAM standard, not a module standard.

Although there are embodiments of Perego that could use these SDRAMs, as is

illustrated by the prior art embodiment of Figure 2A of Perego, just because the

memory devices receive a chip select signal does not mean that the commands

received by the module also include them. Indeed, as explained above, the

disclosure of Perego does not support memory commands being received by the

module that include chip select signals, regardless of whether the memory

devices on the module do, particularly because those chip-select signals could

be generated by Perego’s buffer. Ex. 1071, 10:59-67.

187. Petitioner also references a single figure from the DDR2 RDIMM

standard (Ex. 1062) even though this figure is not part of the combination being

offered. Petition, pp. 96, 99. Petitioner offers no explanation as to why Perego

would be modified to 1) include a plurality of ranks when it does not current do

so, and 2) use chip selects instead of addresses to identify the accessed memory

devices in context of configurable width buffer devices and addressable target

subchannels.
IPR2023-00455
Patent No. 9.858.215

188. Thus, Petitioner has failed to show how Perego in light of JESD79-

2 renders this claim obvious.

4. Dependent Claim 14

189. Claim 14 depends from Claim 1 and further recites “the memory

— NetlistEX2024
Samsung-v-Netlist
IPR2023-00454
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module of claim 1, wherein the buffer includes circuit components configurable

to provide a first data path or a second data path depending on whether the first

rank or the second rank is selected to communicate data with the memory

controller.” Ex. 1001, 39:24-28.

ma-memory-system-190. The analysis provided by Petitioner hassoughtto
wrvahidatewith regard to this claim by-prinetpathyrelies

on the erroneous interpretation of the disclosure of Perego, asserting that

interface units 520a and 520b are distinct and connect to separate ranks. As

peinting-teexplained about, the embodiments efin Perego and-by—elatming-that
many-eof-thecould include DDR2 SDRAMs

configure those memory devices as a single rank.

Netlist EX2024
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191, And—et Thus, Petitioner—ba—prreprerepte—theteachioo b Perero—|inds
has failed to show how Perego in light of JESD79-

2 renders this claim obvious.

— Netlist EX2024
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C5. Dependent Claims2-ThroeughClaim 15

193192. Claim 515 depends from Claim 14 and further recites “Fhethe

memory-modute-ol-claim-twherein-the

- - Netlist EX2024
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module of claim 14, the at least one of the circuit components is configured to

provide the first data path in response to the first control signals, and is

configured to provide the second data path in response to the second control

signals.” Ex. 1001, 39:29-33.

Netlist EX2024

Samsung v Netlist
Samsung Ex. 1096, p. 183
Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2023-00454




IPR2023-00455
Patent No. 9.858.215

193. Claim 15 is dependent on Claim 14 and Claim 1. Neither of these

claims are rendered obvious by Perego in light of JESD79-2. Therefore,

Petitioner cannot show that Perego in light of JESD79-2 renders this claim

obvious.

6.  Dependent Claim 17

194. Claim 17 depends from Claim 16 and further recites “the memory

module of claim 16, wherein the buffer comprises combinatorial logic, registers,

and logic pipelines and 1s configured to register an additional clock cycle for

transferring the first data burst through the buffer.” Ex. 1001, 39:39-42. This

claim is closely related to dependent Claim 8 and 1s not shown to be rendered

obvious by the combination of Perego and JESD79-2 for the same reasons as

outlined above.

7.  Dependent Claim 20

195. Claim 20 depends from Claim 19 and further recites “the memory

module of claim 19, wherein the buffer comprises combinatorial logic, registers,

and logic pipelines and is configured to register an additional clock cycle for

transferring the first data burst through the buffer.” Ex. 1001, 39:50-53. This

claim is closely related to dependent Claim 8 and is not shown to be rendered

obvious by the combination of Perego and JESD79-2 for the same reasons as

outlined above.
[PR2023-00455
Patent No. 9.858.215
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8.  Dependent Claim 23

196. Claim 23 depends from Claim 21 and further recites, among other

things, “wherein the first set of input command and address signals include at

least one input chip-select signal,” as well as “the first chip-select signal ...

having an active value” and “the second chip-select signal ... having a non-

active value.” Ex. 1001, 40:33-46. This first quoted portion of Claim 23 is similar

to Claim 9, and Claim 23 is not rendered obvious by Perego in light of JESD79-

2 for similar reasons as outlined above.

197. Furthermore, because a possible embodiment of Perego using

DDR2 SDRAMs would consist of a single rank as described above, and because

Petitioner’s proposed construction of “rank” requires memory devices to “act

together in response to command signals, including chip-select signals”

(Petition, pp. 27-28), it would not be possible for some memory devices within

that single rank to receive an active-value chip-select signal and others to receive

a non-active chip-select signal as required by Claim 23.

198. Thus, Petitioner has failed to show how Perego in light of JESD79-

2 renders this claim obvious.

9. Dependent Claim 25

199. Claim 25 depends from Claim 21 and further recites, in part, “the

overall CAS latency having one more clock cycle than an actual operational CAS

latency of the memory integrated circuits.” Ex. 1001, 40:52-54. This portion of

Netlist EX2024
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Claim 25 is similar to the comparable portion of dependent Claim 4. Claim 25 is

are-diselosed-ornot rendered obvious by Perego in HrarH rthlight of
JESD79-2- for similar reasons as

outlined above.

10. Dependent Claim 26

200. Claim 26 depends from Claim 21 and further recites “the method

of claim 21, wherein the buffer includes circuit components configurable to

provide a first data path or a second data path depending on whether the first

rank or the second rank is selected to communicate data with the memory

controller.” Ex. 1001, 40:55-59. This claim is closely related to dependent Claim

14 and is not shown to be rendered obvious by the combination of Perego and

JESD79-2 for the same reasons as outlined above.

IX. GROUND 2 DOES NOT RENDER THE CHALLENGED CLAIMS
OBVIOUS

195201. T understand that, to the extent that Ellsberry is properly considered

prior art to the 447215 Patent (which I disagree with, as noted above), Ground 2

further relies on Ellsberry.-However-this-addition-deesnot-cure-the-defictenctes

- - Netlist EX2024
[Different odd and even pages setting changed from off in original to on in modified.]. Samsung v Netlist
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[%%ﬁ%%en pages setting changed from off in original to on in modified.].

197—TFhePetitionfurther202. Petitioner justifies the combination of
Ground 1 with _Ellsberry

based on a number of arguments outlining alleged similarities between Perego-and

e

and Ellsberry. Each of these is flawed.

198203. For-exampleFirst, the Petitioner claim that the two references disclose
modules

modutes-of similar structure. Petition pp. HH—-+3112-114. However, the coloring of

Figure 3C of
[PR2023-00455
Patent No. 9.858.215

Perego suggests similarities that do not exist. As described supra, the module of
Figure 3C is agnostic as to what type of synchronous DRAMs are being used.
They can be DDR2 SDRAMs, Direct RDRAMs, or XDR RDRAMs, or some

- - Netlist EX2024
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e+seme-other variety of memory type. Ex. 1071, 8:1-5. A POSITA would
understand

understand-that the placement of the configurable width buffer device 391 in the
middle of

middle-ofthe memory module is a structure that minimizes trace lengths and

1mproves

wmproves-signal integrity and is not indicative the two groups of memory devices 36
being -

360-beine-logically grouped into two ranks or other organizations. Indeed, with
respect to

he diselosedembod; hotill N s ofdl

the disclosed embodiments that illustrate this, the internals of the configurable

configurable-width buffer device 391 (i.e., Figure 5B, below), the two interface
units 520a

wrttsS520a-and 520b are together and identically controlled by the singular request
and

requestand-address logic unit 540. In the embodiments disclosed that could use
JEDEC-

Standardized SDRAMSs, a POSITA would understand that all the SDRAMs are

collectively part of a single rank.

- - Netlist EX2024
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Ex. 1071, Figure 5B.

Woe=1,2,4,8,16,32,

64,128

199204. In contrast, the embodiment of Figure 10 of Ellsberry “illustrates a

single chip-select memory configuration in which one control unit 1002 and one

bank switch 1004 are used to control two memory banks 1006 & 1008, each

memory bank having two memory devices 1010 & 1012 in separate data buses

Netlist EX2024
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1014 & 1016.” Ex. 1073, [0053]. This embodiment discloses an x8 module of
fixed width and singular memory type and with two ranks. It has very little in

common with the embodiment of Figure 3C of Perego.
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205. Perego does not teach rank multiplication. The concept of rank

multiplication is completely foreign to Perego, and so this is not a point or

commonality but rather a teaching that differentiates and separates the two

references.

200-206. Next, Petitioner alse-claims that the relevance of the
JEDEC-standards,

including the DDR2 SDRAM standard JESD79-2 to both Perego and Ellsberry

1s a commonality motivating the combination. Petition, p. H4115. This also a

distortion of the teachings of both references. The memory devices defined by

JESD79 and JESD79-2 are the only memory devices used by Ellsberry in an
embodiment, and the module interface of its principal embodiments are closely
aligned with the JEDEC-standardized modules such as those of Section 4.10.20
of JESD21-C. Ex. 1073, [0008], [0009], [0026], [0046].

204207. In contrast, the modules of Perego’s disclosed embodiments are
profoundly different. They principally use DRAMs defined by Rambus and not
JEDEC, and Perego’s embodiment, such as that of Figure 2A, that could use
JEDEC-standardized memories on the module use protocol translation in the
buffer device to present an interface that is very different and bear very little
resemblance to JEDEC-defined DIMM modules. Ex. 1071, Figures 2A, 3C, 4A,
413, 4C, 513, 2:8-10, 9:53-57, 10:63-67.

IPR2023-00455
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202208. Finally, the Petition suggests commonality exists between the
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references because they both buffer signals on the module, advantageously

reducing the load on the data lines. Petition, pp. H4-1+5115-116. This too 1s
misleading.

Perego’s approach to signal integrity on the primary channel is principally
focused on changing the memory systems interconnect architecture. A POSITA
would recognize that Perego’s memory system organization of Figure 3A and
3B and the use of a Rambus Channel as the principal interconnect as in the
embodiment of Figure 2A are representative of Perego’s approach and that this
approach is much more comprehensive change to the memory system
architecture than the simple buffering of the DQ signals on a module. Ex. 1073,
Figures 5, 6, [0012], [0047].

203209. But the essential problem with the articulated combination of
Ellsberry’s rank multiplication into Perego as described by the Petition and Dr.
Wolfe is that it represents a big step backwards, one that a POSITA would not
be motivated to take. Specifically, Dr. Wolfe describes the result of the
combination as a module with the bank switch of Ellsberry instead of the point-
to-point interface 510 or the configurable width interface 590 in order to yield a
“memory module [that] is dual inline memory module compl[ia]nt with a Joint

Electron Device Engineering Counsel (JEDEC) standard.” Ex. 1003, § 196.

Without these either of these high performance interfaces and the bandwidth
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concentrating multiplexers 530a,b, much of the advantage and uniqueness of the

Perego memory system architecture would be lost. Ex. 1071, Figure 5A, 5B,

— NetlistEX2024
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Among the critical benefits of Perego that would be lost would be the
configurable primary channel width, the point-to-point primary bus interface, the
ability to have “different types of memory devices on different modules within
a memory system by employing buffer device to translate protocols employed
by controller 310 to the protocol utilized in a particular memory device
implementation.” Ex. 1071, Figure 5A, Figure 5B, 9:50-57, 10:54-67, 11:1-25,
11:56-12:3. This benefit is key because it allows the use of memory devices that
are cheapest or provide the best cost/performance applicable to a particular
system, yielding either performance levels or cost savings that are not available
to a memory system compliant with a JEDEC standard. These cost savings and
tradeoffs would be available to a system architect at all times, not just the short-
lived benefits that rank multiplication delivers at the beginning of the life of a
new generation of higher density memory devices for the brief period when the
new generation is available but at a higher cost per bit than that of the previous
(lower capacity) generation.
204210. Because I do not agree that a POSITA would have been motivated

to combine Ellsberry with Perego and JESD79-2, I also disagree that Ground 2

renders any of the challenged claims obvious.

- - Netlist EX2024
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X. GROUND 3 DOES NOT RENDER THE CHALLENGED CLAIMS
OBVIOUS

208

[\S)

11. I understand that Ground 3 further relies on Halbert, in combination

with Perego and JESD79-2. However, this addition does not cure the
deficiencies that [ noted above for Ground 1, as I explain further below.

209212. The Petition’s analysis of Ground 3 begins with the analysis of
Ground 1, which is based on the combination of Perego and JESD79-2 (the
DDR2 SDRAM standard), and selectively adds aspects of Halbert. In
introducing Ground 3, the Petition characterizes Halbert as being directed “to

efficiently organizing and using memory systems, including expanding DIMM-

formatted memory modules by using one or more buffers to isolate the memory

devices from the memory controller.” Petition, ppp. +2+—322127. The Petition

characterizes
DDR SDRAM memory devices, which are defined by the JEDEC standard
JESD79, not JESD79-2, as being similar to the DDR2 SDRAM memory devices

relied upon in Ground 1. The Petition fails to identify the similarities and/or

- - Netlist EX2024
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SDRAMs and DDR2 SDRAMs and how the
differences might affect their analysis.

210213, The Petition’s analysis of Ground 3 begins by incorporating the

analysis of Ground 1 without any input or modification from Halbert. Petition, p.

1+23128. But as shown above?, the analysis provided for Ground 1 is based on a
pervasive misunderstanding of the teaching of Perego and the details of the
IPR2023-00455

Patent No. 9,858,215

relied-upon embodiments. These flaws are therefore brought into the analysis of

Ground 3 and the Ground 3 analysis of elatms+15Claims 1-29 fail for the same
reasons as

exposed above.

2HPetitroner214. Petition then goes on to apply Halbert te-only to elements
[1.d.12] and

N-bit-wideranks);-[1.ed.3] (relating to the everal-CASHateney-ofthe-memoryfirst

and second ranks), claim 3, and claim 5. Petition, pp.

128-131.3 The analyses for all the other elements in all the other claims are those

from Ground 1 without modification. But as explained atlength-above, the analysis
of

Ground 1 for €laimClaims 1 and 21 and consequently all the dependent claims is

flawed and does not render the claims of the *43-7215 Patent obviousunpatentable. The

same flaws L Netlist EX2024
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and conclusion thus also apply to Ground 3.

215. With regard to elements [1.d.2] and [1.d.3], Halbert does not rectify

the 1ssues with Ground 1. The Petition’s understanding of Halbert is flawed to

212-The Petition s-understanding-of Halbertisflawed-to-the same extent

as it’s analysis of Perego. Most notably, the two “ranks” 140 and

142 of Figure 4 are together part of a singular memory device array that receives—&

single

a single registered address and command bus (RADD/RCMD). These two
st

subunits 140 and 142 are always shown to behave identically to the receipt of
comatds-on

commands on this bus. Ex. 1078, Figure 4, Figure 5, Figure 6. This singular

RADD/RCMD bus would have one CS signal as part of the singular registered

3 As correctly noted by the Board (Paper 11, at 32), the Petition cites to
Dr. Wolfe’s report for these elements, but the cited paragraphs appear to relate
to a different limitation [1d.1] of the ’215 Patent.
[PR2023-00455
Patent No. 9,858,215

command bus. To the extent that is it argued, regardless of what is shown in

extent-thatisttargued;regardless-of-whatis-shownin-Figure 4, that the two units 140

and 142 receive unique commands on separate
signals, because the two collections of memory devices would always receive CS
signals that are always the same value because they are shown in Figures 5 and 6

as always behaving identically. They would always at the same time both be

Samsung Ex. 1096, p. 199
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active or both be inactive. Therefore Halbert does not disclose any claim element-that

that requires a plurality of ranks, as, for example, Claims 1, 21, and all of the

ofthe-dependent claims of the 447215 Patent require.

- - Netlist EX2024
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243216. There is no support for the idea that memory devices in 140 and
those in 142 receive separate or different registered chip select signals. They are

in fact the two halves of a single 2m-wide memory structure. The two halves of

this single structure are interleaved within data interface circuit 120. The
funetion
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function of this data interface circuit 120 is to transform a data stream that is 2m-bits
wide

bits wide with one piece of data every cycle into and from a data stream that is

m bits wide with two pieces of data every cycle. Specifically, Halbert aims to

xpident ]

“widen[] the data bus on the memory module as compared to the width of the
System

system memory data bus,” as this “allow[s] a faster system memory data bus to

operate

operate at full speed with slower memory devices.” Ex. 1078, 3:43-48.
Acecordtreto

According to Petitioner’s proposed construction, all the memory devices in the

memory device array constitute a single rank.

— NetlistEX2024
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244217. To the extent that Petitioner tries to change its argument by pointing
to the two select signals in the prior art Figure 2, it is important to note that this
embodiment is distinct from and not combinable with the embodiment of Figure

4. It does not include a buffer circuit and data transactions involve only one of
the two banks at a time: it is incompatible with the stated goal of Halbert to
“allow[s] a faster system memory data bus to operate at full speed with slower
memory devices.” Ex. 1078, 3:43-48. Even Dr. Wolfe agreed that “ranks” 140
and 142 collectively constitute a single rank under Petitioner’s proposed
construction. Ex. 2033 (Wolfe Deposition Transcript), 162:4-163:23. He later
appears to have attempted to hedge that statement after being shown Halbert’s

statement that “[g]enerally, multiple ranks will receive the same address and

commands, and will perform memory operations with the interface circuit

1

p—

(\®)

(o e}
1
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concurrently,” Ex. 1078, 4:57-59, but he testified that they would be two ranks

“if they receive different commands.” Ex. 2033 (Wolfe Deposition Transcript),
179:20-180:16. The Petition, however, identifies no such disclosure in Halbert

wherein “ranks” 401 and 402 receive different commands. See Petition
120-126128-129.

245218. Although Halbert does say that DDR SDRAMs can be used in the
present system (Ex. 1078, 9:55-59), the memory devices illustrated in Figures 4,
5, and 6 and described in the corresponding text are distinctly not JEDEC-

compliant DDR SDRAM. Specifically, like DDR2 SDRAMs, DDR SDRAMs

— NetlistEX2024
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transfer two pieces of data in the time that a single command is communicated.
In Figure 5, for example, the period of a command on the RADD/RCMD bus is

one clock cycle. In this time, the DRAMs only transmittedtransmit one piece of data,
not

two. Petitioner’s glossing over these issues by noting the similarity between DDR
SDRAMs and DDR2 SDRAMs is irrelevant to understanding the teaching and

applicability of Halbert in the present matter.

1

—_—
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Ex. 1069 (JESD79, defining DDR SDRAMs), Figure 7.

216219. The embodiments of Halbert referred to in the Petition do not

support the teaching of a plurality of N-bitranks-and-er-aplurality-efinput-chip
seleetsignals-orregistered-chip-seleetsignals. Thus, Halbert cannot cure these and

and-other deficiencies in Perego identified with respect to Ground 1. Therefore
Ground 3 also fails to render the claims of the 417215 Patent obvious.

220. Claims 3 and 5 depend on claim 1. Therefore, as Halbert does not

rectify the deficiencies of Ground 1 with respect to Claim 1, the combination of

Ground 3 cannot render Claims 3 or 5 obvious.

XI. GROUND 4 DOES NOT RENDER THE CHALLENGED CLAIMS
OBVIOUS

221. 1 understand that Ground 4 further relies on Matsui2, in
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devieesAs-explained-abeveineonneetioncombination with Perego and JESD79-2.

However, this addition does not cure

the deficiencies that I noted above for Ground 1, as [ explain further below.

222. The Petition’s analysis of Ground 4 begins with the analysis of

Ground 1, which is based on the combination of Perego and JESD79-2 (the

- 130 - Netlist EX2024-135
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DDR2 SDRAM standard), and selectively adds aspects of Matsui2. In

introducing Ground 4, the Petition characterizes Matsui2 as being “directed to

solving the problem of efficiently organizing and using memory systems,

including at high speeds.” Petition, pp. 131-132

223. The Petition’s analysis of Ground 4 begins by incorporating the

analysis of Ground 1 without any input or modification from Matsui2. Petition,

p. 132. But as shown above, the analysis provided for Ground 1 is based on a

pervasive misunderstanding of the teaching of Perego and the details of the

relied-upon embodiments. These flaws are therefore brought into the analysis of

Ground 4, and the Ground 4 analysis of claims 1-29 fail for the same reasons as

exposed above.

224. Separate from this, Matsui2 is only used by Petitioner to address

b e centeo Lo b ben s e e Lo b e (Claim 7. [owever, Claim 7

depends on Claim 1. Therefore, as withMatsui2 does not

rectify the deficiencies of Ground 1 with respect to Claim 1, the combination of

218Ground 4 cannot render Claim 7 obvious.

XIXII. NO SIMULTANEOUS INVENTION

249225. I understand that Petitioner asserts that Ellsberry, Perego, an

additional reference not asserted in this IPR, as well as other patents related to

Netlist
SEmeinay Netie
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the 447215 Patent, demonstrate “simultaneous invention” of “rank multiplication.”

Petition, ppp. +26—427135. I understand that simultaneous invention requires the
actual

Netlist EX2024-136
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aetual-invention to cover the complete claims. The fact that none of the references
arc

referenees—are-even alleged to be anticipatory means there is no simultaneous
invention.

220226. Further, Petitioner asserts that these references and patents
“recognized and solved the same problem” as the 447215 Patent through “rank
multiplication.” Id. As explained above, the 447215 Patent does not claim rank

multiplication, and Perego does not even disclose rank multiplication. Moreover,

the Petition does not establish any contemporaneous invention of the subject

[Different odd and even pages setting changed from off in original to on in modified.]. _
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matter actually claimed in the *43-7215 Patent.
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and that all statements made on information and belief are believed to be
true, and that all these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United

States Code.

Executed this 8" Day of December, 2023.
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President, Verdande Group, Inc.
5630 Meadow Lane, Ann Arbor MI 48105
V: 734-484-3574 F: 734-484-3390

sp@verdande.com

Professional Experience

2003 - Present

2000 — 2003

1991 — 2000
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President, Verdande Group, Inc

An inventor, registered patent agent, strong communicator and seasoned technical expert, I provide
intellectual property services to a diverse set of clients across the digital electronics spectrum. I
provide patent, trade secret, and contract dispute litigation support services, and have extensive
experience as a testifying and non-testifying expert in matters before district courts, the PTAB, the
ITC, and foreign jurisdictions. I have testified by expert report, deposition, and live testimony on
matters of claim construction, infringement, and invalidity, and have assisted in evaluations of
potential damages and monetization strategies. With strong written and verbal skills, I provide
tutorials to those of both technical and non-technical backgrounds, including judges and attorneys.
In addition, I offer pre- and post-transaction portfolio evaluations and due diligence analyses.

I have been retained for these services with regard to:

Computer Systems

Consumer Electronics

Semiconductors

Processor design
Processor architecture
Multiprocessing

Graphics systems
Graphics/CUDA processors
Cache memories

Memory systems

Memory modules

Floating point computation
Operating systems

1/0O systems

System boot issues

Infotainment systems

Video encoding and decoding
Medical equipment
Embedded systems

Portable electronic systems
User interface design

Wired and wireless networking
Power/energy management
Standards development
Display interconnects
Integrated memories

Digital signal processing

DRAMs

Flash

SRAMs

Other non-volatile memories
Memory controllers
High-speed interconnects
Signal integrity

2D, 2.5D and 3D packaging
Error detection and correction
Clock distribution techniques
Semiconductor processing
IC and system testing

Cloud-based content navigation
and serving

Computer aided design
FPGAs

Manager, SSM Technologies, LLC.

I managed, developed and sold a significant patent portfolio relating to DRAMs. Recognizing the
intrinsic value of a long-neglected portfolio, I negotiated control of the portfolio and developed a new
patent prosecution strategy. I oversaw and participated in the implementation of this strategy,
culminating in the issue of a new set of broad method and apparatus claims. I then worked to
monetarize the portfolio and to maximize return to the inventors and SSM’s investors by
analyzing the sell/license decision and guiding the stakeholders through the decision-making process.
I gathered relevant documentation and analyses, approached likely purchasers, presented interested
parties with the collected materials, actively sold the offensive and defensive utility of the portfolio,
and orchestrated an auction-style final sales process.

President and Principal Consultant, Verdande Group, Inc

I have consulted on product strategy, comparative technical analysis, and system-level design in the
areas of DRAMs, Flash, SRAMs and other semiconductor memories, computer systems and CPU
architecture, and uni- and multi-processor memory hierarchy design. Technical engagements have
included serving as memory system architect for Flash and DRAM memory devices and systems. In
addition, I offered: general business planning and analysis services to computer and semiconductor
companies; intellectual property management, including portfolio evaluation, development and
brokering, and litigation support services to IP holders and legal firms; and due-diligence analyses
to venture capitalists and securities firms.
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My writing and analysis encompasses an extensive range of topics for trade magazines, conferences,
and academic journals. As one of the leading independent analysts of the semiconductor memory
industry, I wrote (1994) and substantially revised (1996) an 850-page research report entitled New
DRAM Technologies: A Comprehensive Analysis of the New Architectures, available from the
publishers of The Microprocessor Report. 1 have also taught and presented tutorials to both technical
and non-technical audiences on subjects including semiconductor memory architecture, memory
hierarchy design, and computer systems and CPU architecture. In particular, I have presented over 50
full- and partial-day seminars on these topics to over 2,500 managers, engineers, marketers, and
analysts. I have also served on the advisory boards of high-technology start-ups, advising on
processor, DRAM and Flash memory trends and general business opportunities.

1989 - 1991 Chief Scientist and Systems Architect, MIPS Computer Systems.

I played a variety of roles within MIPS, including assistant to the Senior Vice President of
Engineering, technical lead for a group of designers that investigated the technical and economic
feasibility of developing a companion chip to the R3000 CPU and R3010 FPU, troubleshooter
within the High-End Systems Group responsible for taking on any short or long term task that was
in need of additional manpower, chief scientist for the group in charge of planning and
investigating options for future high-end systems, systems architect for both a new R4000 based
symmetrical multi-processor and a low-cost desk-top machine.

1990 - 1991 Consulting Assistant Professor, Dept. of Elect. Eng.. Stanford University.
I designed and taught an advanced graduate level course on cache and memory hierarchy design
and supervised the students’ research activities. Two groups of students continued their research
and ultimately published their efforts under my direction.

1989 - 1989 Postdoctoral Scholar, Department of Electrical Engineering, Stanford University.
As a postdoctoral scholar, I continued my dissertation research into the analysis of cache behaviour
and performance-optimal memory hierarchy design.

1984 - 1985 Computer Architect and Systems Designer, MIPS Computer Systems.
My main contribution during MIPS' first year was the specification of the architecture and
micro-organization of the R2000 VLSI RISC CPU, including the CPU interface and the cache sub-
system. I was integrally involved in the implementation of both the CPU and system-level design.
My most important role was that of liaison between the VLSI, board-level hardware, compiler and
operating system teams.

1981 - 1988 Research Assistant, Department of Electrical Engineering, Stanford University.
I was a key participant in the MIPS VLSI CPU design team, involved in the design, debugging and

testing of the IC design. I also oversaw the development of a prototype CPU board, and
subsequently aided in the architectural specification of the MIPS-X VLSI CPU. My dissertation
research used analytical and empirical techniques to examine memory hierarchy design from the
perspective of optimizing system level performance.

Education

Haas School of Business, University of California at Berkeley, M.B.A. (2000).
Coursework and final project included a combined emphasis on business strategy and financial
analysis.

Stanford University, M.S.E.E. (1982), Ph.D. (1988).

Research areas: Computer systems design and VLSI integrated circuit design. Concentrated areas
of study spanned the breadth of both electrical engineering and software systems. Topics of
extensive coursework included digital systems design, computer architecture, semiconductor
devices, error correction codes, control theory, and system software — including user interface
design, operating systems, compilers, and [/O systems. Doctoral dissertation title:
Performance-Directed Memory Hierarchy Design.
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University of Toronto, B.A.Sc. with Honours (1980).

My unique, specially approved course of study within the Engineering Science Programme
combined the computer science and electrical engineering degree programs. This provided a broad
and deep background in both areas. Coursework and undergraduate thesis covered digital systems
design, computer systems, control theory, network analysis, analog circuit design, semiconductor
physics, human-computer interfaces, operating systems, compilers, database design, and Al.

Honors and Publications

Awards
Most Influential Paper Award, ACM/IEEE International Symposium on Computer Architecture,
1989, with Mark Horowitz and John Hennessy.
Micro Test-of-Time Award, for one of the ten most influential papers of the first 25 years of the
IEEE Micro Symposium, with John Hennessy, Norman Jouppi, Christopher Rowen, Thomas
Gross, Forest Baskett, and John Gill. 1994.

Books

S. Przybylski, New DRAM Technologies, MicroDesign Resources, 1996, 1994.
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