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‘608 Patent

a2 United States Patent

Lee et al.

a0y Patent No.:  US 10,268,608 B2
45) Date of Patent: *Apr. 23,2019

(549) MEMORY MODULE WITH
TIMING-CONTROLLED DATA PATHS IN
DISTRIBUTED DATA BUFFERS

(71) Applicant: Netlist, Inc., Irvine, CA (US)

(72) Inventors: Hyun Lee, [.adera Ranch, CA (US);
Jayesh R. Bhakta, Cerritos, CA (US)

(73) Assignee: NETLIST, INC., Irvine, CA (US)

Related U.S. Application Data

(63) Continuation of application No. 15/426.064, filed on
Feb. 7, 2017, now Pat. No. 9,824,035, which is a
continuation of application Ne. 14/846,993, filed on
Sep. 7, 2015, now Pat. No. 9,563,587, which is a
continuation of application Ne. 13/952,599, filed on
Tul. 27, 2013, now Pat. No. 9,128,632.

(60) Provisional application No. 61/676,883, filed on Jul.

27, 2012.
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1. A memory module operable to communicate with a memory controller via a memory bus, the
memory bus including signal lines, the signal lines including a set of control/address signal lines
and , the memory module comprising:

a module board having edge connections for coupling to respective signal lines in the
memory bus;

a module control device mounted on the module board and configured to receive system
command signals for memory operations via the set of control/address signal lines and to
output module command signals and module control signals in response to the system
command signals, the module control device being further configured to receive a system clock
signal and output a module clock signal; and

memory devices mounted on the module board and configured to receive the module
command signals and the module clock signal, and to perform the memory operations in
response to the module command signals, the memory devices including a plurality of sets of
memory devices corresponding to

;and

_— a plurality of buffer circuits corresponding to

, wherein each respective buffer circuit of the plurality of buffer circuits
is mounted on the module board, coupled between
and a respective set of memory devices, and configured to receive the module control signals
and the module clock signal, the each respective buffer circuit including a data path
corresponding to in ,and a
command processing circuit configured to decode the module control signals and to control the
data path in accordance with the module control signals and the module clock signal, wherein
the data path corresponding to includes at least one tristate buffer
controlled by the command processing circuit and a delay circuit configured to delay a signal
through the data path by an amount determined by the command processing circuit in response
to at least one of the module control signals.
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‘608 Patent: Disclosed Invention
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EX1001 ('608 Patent), Fig. 2C
DESCRIPTION OF EMBODIMENTS
module according to one embodiment includes
organized in groups, a module control
EX1001 ('608 Patent), 3:22-:29
2 DB Command & CK
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‘608 Patent: Exemplary Claims

A memory module operable to communicate with a memory controller via a memory bus, the memory bus including signal lines, the signal lines including a set of

1lpre] control/address signal lines and a plurality of sets of data/strobe signal lines, the memory module comprising:
1[a] a module board having edge connections for coupling to respective signal lines in the memory bus;
a module control device mounted on the module board and configured to receive for memory operations via the set of control/address
1[b] signal lines and to output and h in response to , the module control device being

further configured to receive a system clock signal and output a module clock signal; and

memory devices mounted on the module board and configured to receive _ and the module clock signal, and to perform the memory
1[c] operations in response to , the memory devices including a plurality of sets of memory devices corresponding to respective sets of
the plurality of sets of data/strobe signal lines; and

1[d] corresponding to respective sets of the plurality of sets of data/strobe signal lines,

wherein is mounted on the module board, coupled between a respective set of data/strobe signal
lines and a respective set of memory devices, and configured to receive _ and the module clock signal,

including a data path corresponding to each data signal line in the respective set of data/strobe signal lines, and a command processing circuit configured to
decode H and to control the data path in accordance with and the module clock signal,

1[e]

wherein the data path corresponding to the each data signal line includes at least one tristate buffer controlled by the command processing circuit and a dela
1[f] circuit confiiured to delay a signal through the data path by an amount determined by the command processing circuit in response to _

The memory module of claim 1, wherein the memory operations include a first memory operation and a second memory operation subsequent to the first
memory operation, wherein the command signals include a first set of command signals for the first memory operation and a second set of command signals for
2 the second memory operation, wherein include output by the module control device in response to
the first set of command signals and output by the module control device in response to the second set of command
signals, wherein include , and wherein the signal through the
data path is a signal associated with the second memory operation.

The memory module of claim 1, wherein _ further includes a clock regeneration circuit configured to generate a local clock signal
9 having a programmable phase relationship with the module clock signal, wherein * is further configured to output the local clock

signal to the respective set of memory devices.

The memory module of claim 9, wherein _ includes a first data path for transmitting a strobe signal associated with the second

10 memory operation and a second data path for transmitting a first data signal associated with the second memory operation, the first data path including a
sampler that samples the strobe signal in accordance with the local clock signal, and the second data path including a sampler that samples the first data signal in
accordance with the sampled strobe signal.
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Instituted Grounds

BAKER BOTTS

Hiraishi is equivalent to Osanai, which
invalidated claims 1, 10-13, and 21-22 of
the related ‘035 patent in IPR2022-00236
(June 20, 2023) [EX1066, EX1088] in
combination with Tokuhiro _-

Grounds Claims k’rior art (8103(a) combination)

1 Claims 1-5 \ \Hiraishi + Butt

/

2 Claims 1-5 \Ground 1 + Tokuhiro /

3 Claim 5 (Ground 1 or 2) + Ellsberry
4 @ {Greyndtor 2+ Kim
5 8

Claims 6-12 were disclaimed after the Petition
was filed on April 27, 2023. See EX2001.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 1-2; Paper 13 (ID) at 2, 7-8, 34
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Undisputed: Level of Skill in the Art

B.  Person of Ordinary Skill in the Art (“POSITA”)

A POSITA 1n the field of the *608 Patent m July 2012 would have been
someone with an advanced degree in electrical or computer engineering and at least
two years of work experience in the field of memory module design and operation,
or a bachelor’s degree in such engineering disciplines and at least three years of
work experience in the field. EX1003, §37. She would have been familiar with the
JEDEC industry standards, and knowledgeable about the design and operation of
computer memories, including DRAM and SDRAM devices that were compliant
with various standards, and how they interact with other components of a computer
system, such as memory controllers. /d. She would also have been familiar with the
structure and operation of circuitry used to access and control computer memories
and other components of a memory system, including sophisticated circuits such as
ASICs and CPLDs, as well as low level circuits such as data buffers, tri-state

buffers, flip flops and registers. Id.

Paper 1 (Pet.) at 2-3; Paper 13 (ID) at 14-15;
Paper 20 (POR) at 12 ("Patent Owner is applying the level of ordinary skill in the art proposed by Petitioner.")
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Memory modules transmit address/command and clock (CK) signals in the

horizontal direction, and

in the vertical direction

[ ADDRESS/COMMAND/CLOCK >

DRAM

REGISTER

BAKER BOTTS

MEMORY CONTROLLER
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JEDEC DDRS3 standard: align clock (CK), strobe (DQS), and data (DQ) signals

JeEeEC DDRJ3 SDRAM STANDARD

CK# -
CK

COMMAND?3

ADDRESS4 a{

W77 T T T T T T T T T T T T T T T T T T T T

lakl

tRPRE | tRPST
________ @ = = = @ - - = 1@ = = = |
3
D D Do (Dn 5". Di Do XD A\
DQ? m rIO:"\‘ n+ui'1‘ nfLIIi N nn+m5 A n+m6 )‘ no+m7
CL=5
RL=AL+CL

NOTES: 1.BL8, RL=5,AL=0, CL=5.
2. Dout n = data-out from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times. E TRANSITIONING DATA m DON'T CARE
4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.

Figure 25 — READ Burst Operation RL =5 (AL =0, CL =5, BLS8)

EX1020, 56; see also id. at 42, 48, 51, 68

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 89-90; Paper 23 (Reply) at 9-10, 29 13
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JEDEC DDR3 standard: read data is edge-aligned with DQS; write data is center-aligned

Jeoee  DDRJ3 SDRAM STANDARD

Read is edge aligned:

Write is center aligned:

BAKER BOTTS

e
a4

DG5S, DOS#

og?

comman? /g

wor W/ K woe W/ Nop W

1 1T
Avoresst 5&@////////////////////////////////////////////// YL LTI T T T T i

1_tRPST |

ARPRE
"""" (R N SR

CL=5

RL=AL +CL

NOTES: 1.BLB,RL=5 AL=0,CL=5

2. Dout n = data-out from column n.
3. NOP commands are shown for ease of lllustration; other commands may be valid at these times. E] TRANSITIONING DATA EZ] DONT CARE
4. BL8 setting activated by elther MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at T0.

Figure 25 — READ Burst Operation RL =5 (AL =0, CL = 5, BLS)

WL = AL + CWL

woonesst W Cem W/ /1T LTI LT LT T T T T T 17T 77777 /'///://// ////:/'/// ////://// ////://////////:'//////////:’/G

HWPRE 1 1

wasoass 7777777727 TT7TTETTTTTTTT 7T Z7T7 777777770~ N W\ NN X i

og?

Eol ol

T
n:

BLB, WL=5 AL=0, CWL=5.
Dm n = data-in from column n.

MNOP commands are shown for ease of lllustration; other commands may be valld at these times. E] TRANSITIONING DATA m DON'T CARE
BLB setting activated by elther MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at T0.

Figure 46 — WRITE Burst Operation WL =5 (AL = 0, CWL = 5, BLS)

EX1020, 56, 71
DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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By 2012, DDR3 memory devices had clock speeds around one billionth of a second,
making it important to keep the strobe (DQS), data (DQ), and clock (CK) signals aligned

Technology Overview: Data Strobe Signal

= Data Strobe (DQS) clocks the data (DQ) into and out of the DRAM

tCK/2

DDR1: 5 ns
DDR2: 2.5 ns
DDR3: 1.25 ns
DDR4: 0.55 ns

® One nanosecond (1 ns) is one billionth of a second

® Asignal travels roughly 6 inches in 1 ns in a memory module not
accounting for load

EX1077, 6; see also EX2015, 141 ("tCK"); EX1020, 59, 164 (“tDQSQ")

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 44-53, 72-82; Paper 23 (Reply) at 9-10, 38-43 15
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Hiraishi (U.S. Pat. Pub. No. 2010/0312956) [EX1005]

Figure 1 Figure 7

Module Control
1 == 0052 1 I 400 5 200 W T 7 # e 1
: | I = ClockPost = - |
J _l] 1 'R | MEMORY MEMORY MEMORY MEMORY MEMORY (]| =-°-- I
I P 4 ADD/Cup-post|  CHIP | [H]  cHiP CHIP CHP CHP || 1
.-~ i ‘ ClockPost ! 2 I
- I DQ-Post _L——4-F>DRs-Post
| 4 > d b~ I
I I ; L LIy L2 I
1 & DATA DATA DATA |—1 DATA DATA
L |RRE ] reitren [ rediore reciren [ v T 1
ui — — — B

| dircuits | g8lz BUFFER BUFFER |—| BUFFER BUFFER BUFFER |
| L | |
L) T L i LR i [ = L3 4 oq-pre| [oas-re 300 I

-.}——T;:- :“‘-F— = 5 = == --.-\.v:— : ’- I m
120 ¢ 300-0 12 3001 300-2 L‘: 12130/3 120 4 200-34 200-35: B O30 Lo :
EdgeConneCtionstoSets Edgecoﬂmdbns EdgeConnectionstoSets N NN NN NN NN BN BN BN NN SN BN NN NN SN BN NN NN SN BN NN NN SN SN BN NN SN BN BN e s m ol

[—'X of data/strobe signal lines controaddnss of data/strobe signal lines
signal lines

Abstract: A memory module includes a plurality of _We module

substrate. At least two _ are allocated to each of the . Each of the includes M
input/output terminals (M is a positive integer equal to or larger than 1) that are connected to the data connectors via a
and N input/output terminals (N is a positive integer equal to or larger than 2M) that are connected to corresponding
via “ so that the number of the is N/M times the number of the
According to the present invention, because the load capacities of the are reduced by a considerable

amount, it is possible to realize a considerably high data transfer rate. EX1005, Abstract

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 8-10; Paper 23 (Reply) at 11-12, 20-22 & n.5 16
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Hiraishi (left) is similar to the ‘608 Patent (right)

Figure 1 of Hiraishi [EX1005] Figure 2C of '608 Patent [EX1001]

------- = S
200-35 1 I
_8

' Edge Connections to Sets
of data/strobe signal lines

200-34 (
300

L Edge Connections to Sets ~ Edge Conn
x of data/strobe signal lines .
| DB Command & CK

FIG. 2C

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 3-6, 8-10 17
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° ° oy °
Hiraishi's Module Control Device Pl P
L Clock—Post
oo/carer| e ||| e ]: Yo |l e [N el
CMK-P“[‘)Q-PMM:Q:)DQS'P"“
P L2
ol - ,. R e
: v L4 pg-pre Pre
£ PLLCIRCUIT N ——— K ) <:§Qsm w
. > - 00~ EX1005 (Hiraishi), Fig. 7
a4 >{ REGISTER ° CHD
CTRL | SHean i CTRL [0060] The command/address/control register bufter 400
> > : : ;
LCLKCA 410 receives the command mgnal, th'e address signal, the co'ntm]
- MODE_ || 41 signal, and the clock signal (in some cases, collectn.fely
> FERETER T referred to as a command/address/control signal and the like)
e L 430 that are supplied from the command/address/control connec-
! tors 130 through an input terminal 401. butfers the signals,
L ]1_1\ ‘ and supplies the signals to the memory chips 200. At the same
AT 04 time, the command/address/control register buffer 400 gen-
erates a control signal. The command/address/control signal
to be supplied to the memory chips 200 are output through an
o of | output terminal 402, and e control signal fo be supplied fo
. the data register buffers 300 are output through an output
EX1005 (Hiraishi), Fig. 6 terminal 403.
FIG.6 EX1005 (Hiraishi), [0060]
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 19-28 18
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Hiraishi's data buffer makes timing adjustments for DQ data and DQS
strobe signals to account for vertical “flight time” delays on L1 and

is longer
than L2... =

...so L1 has a greater
vertical “flight time”
(or “fly-by”) delay

BAKER BOTTS

EX1005 (Hiraishi), Fig. 1
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Hiraishi's data buffer uses a two-step process to delay (“re-time”)
the DQ data and DQS strobe signals

First, during initialization, S4 read/write l Second, a normal read/write operation (Fig. 11 or 12)
leveling (Figs. 13-15) measures and stores delays (“re-times”) DQ/DQS based on the stored delays
delays for DQ/DQS

EE Flight Time
m T-5 T-4 T-3 T-2 T-1J1 T T2 T3 T4 T5_T6 T7T T8 T9 TIO T T2

CK(IN) . | ) T e G e g e 5 L
CMD(IN) EDOERXXEEER g B O €D @ €0 8, XEBCXEEX XD D
DQS(0UT) g — — =
Power—on S , el tRCD=5nCK 2 CL=5nCK > .
DATA REGISTER BUFFER Flight Time > Fignt Tme
¢ T A5 T=4 T-3 T-2 T-L1IDL. T T2 T3 T4 TS5l 16 17 .18 T8 _TI10 Tl _TI2
CONTROL SIGNAL (IN) ez 77 D %)
Reset ~S2 DQS(N) XX
DQ(N) 2 RS D
[0130] Therealier, the data register buffer 300 performs a DQS(OUT) Ci=8ncK — -3 '_1 :
re-timinﬁ in synchronization with the internal clock LCLKR &_— Aﬁ D 53 G 650 50 D D ¢
T ) using the FIFO (Read) circuit 302 to convert CL into CL=6, P [=2t—rsrnes el
and outputs the read data DQ and the data sirobe signal DQS. FIG.11
: With this configuration, it becomes possible for the memory
Set Mode registers S3 controller to receive the read data DQ in a correct manner.
EX1005 (Hiraishi), 1[0130] | DAAREGSTEREUFER | 7 Tire ' IT‘ L idid Lt
A CKON) TS T4 7-3 72 T-1JTI0O4T T2 73 .7k 275 76 /7y 278 ' 18 Ti0 Th Ti2
Read/Write Leveling e VD ) |
(Data register buffer” |~S4 " pares
-Memory chi [0135] The data register buffer 300 loads the received write DQS(IN) Z2 A
data DQ in the FIFO (Write) circuit 301 with a data strobe o = AR RAn
Y _ signal DQS that is delayed by a predetermined phase amount 1 P 030 o S e
Read/Write Level : Das(oum) &
ﬁ'l em or %Ontl\fg"'glg S5 (for example, phase difference of about 90 degrees). The data {RCD=5nCK
-Data register buffer) register buffer 300 then performs a re-timin% in synchroniza- foum e
tion with the internal clock TCLKW using the FIFO EWrite) s
0 o 0 Flight Tme Output eadier by Flight Time
¢ circuit 301 to convert WL into WL=5, and outputs the write T-5 T-4 T-3 7=2 T-0 Ao 0Tt T2 13 74 |15 16 T2 T8 T3 TIO T T2
data D(QQ and the data strobe signal DQS. , : —e V. 2 e
M) D 8 €D ® YOG D D OEDOL DOED DOE
EX1005 (Hiraishi), T[0135] - z - o _Lm fd
FIG 13 DQIN) Z : XX x:x x:x r?
) FIG.12
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 8-10, 25, 39-53 20
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First, the host computer’'s memory controller sends an MRS (mode register set) command, which is
conveyed by DRC module control signals to the data buffers, which then perform S4 read/write leveling

] R R R R R R R " COPRTFR "R L8 B 8 N __§ B N §B § §B § N N §N N §B N N _§B §B N B _§B_ B _§ B B §N _§ ]
Rl 200-0 jlq' 10 200-32 5 e
s o . ) | i 0 15 200 1 2 # 4 |
- 200-1 S 400 200-33 | I Clock-Post I
i i L5 E T ,‘ N H MEMORY MEMORY MEMORY MEMORY MEMORY { ||| =---- 1
i ! 2 Pl REGISTERBUFFER | © AOD/CHD-Post|  CHIP CHIP CHIP CHP CHIP
1 i — — | 1 Clock~Post I
200'27:: '7 E — o EE F——-——-—N ® [ W[ﬁfﬁﬁ;“‘:ﬁs;m 1
T | | i HE Pk B e i i ] :
s LT LI e L = E-E-E
lL-(‘Jj L. 3 |"_ '_.' : I S L3 L4 DQ-Pre ~ Pre 360 I
:';;;;J-;@_ Ui gAY iy i-iu,-: i 1 000w Lo 1
S T R - AT i W I EX1005, Fig.7 |
L2 i f4 1 '3 T ! § --120
[0099] The control signal generating circuit 430 is a circuit
The initGal- that generates Wto be supplied to the
o Co LT data register butfer ased on the command/address/con-
ration of
7@ operation includes 2 ace TepIster selting operation by trol signal supplied via The input terminal 401, of v hich an
which predetermined mode information 1s set in the mode OPCIANION 16 porionmed I synchronzation Witil the internal
registers 215, 321, and 431 that are included in the memory clock LCLKCA for the data register
chip 200, the data register buffer 300, an_d the command/ buffer 300 is suppli ¢ data register buffer 300 via the
address/control register buffer 400, respectively (Stg S3). output terminal 403,
[0140] Upon comp]etmg the mode rEﬁjster sett111§ opera- EX1005 at 1[0099]
tion, a leveling operation hetween ta register
EX1005 at 11[0139]-[0140]
BAKER BOTTS DEMONSTRATIVE EXHIBIT = NOT EVIDENCE Paper 1 (Pet) at 44, 53-54; Paper 23 (Reply) at 16-18 21
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During S4 read/write leveling, the data buffer measures and stores
vertical “Flight Time"” (or “fly-by"”) delays (e.g., 0.3 clock cycles for [ 2)

Fl G . 7 MODE REGISTER

MEMORY CHIP

LS 200
Clock—Post

=] i O - (< LA Y ) (O | SN GRS | S | S

ADD/ CMD-Post
CM—M | I | I
% — —1
t \ ‘—r_\—h
—>»H< Flght Time >« Fight Tme 0.3 CLK

302

[0151] Theread data DQ output from the memory chip 200

TO . ; .
reaches the data register buffer 300, by which the data register
= L4 DQ-Pre FROMMEMORY CHIP MOYOMIAEGSTNWEW = o D SR P50 o, 558 I buffer 300 can find a time A from an input timing of the read

command Read that is input as a part of the control signal
! DRCuntil the read data DQ is input. The time is measured for

T5.3 each of # stored in the data register
(flight time ) control circut in the data regim, and used in
delay of 0.3 CLK) ~~~~ an oy ent of an activation timing of the input buffer
~~~~~ circuit INB a ike. In FIG. 15, two cases are shown

- !'-neh,lﬂng afirst case that e time A from the input of the read

F IG 15 commany Read gmﬂ the input of the read data DQ is short
EX1082 at 1 (example of measuring DQ/DQS delay for read operation) (between the memory Thiw 200-0 and the data register buffer
300-0) and a second case that the time A is long (between the
memory chip 200-19 and the data register buffer 300-4).

EX1005, T[0151] & Fig. 5
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 8-10, 39-53; Paper 23 (Reply) at 25-27 22
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Second, during normal read/write operation, Hiraishi's data buffer uses the
FIFO to delay (“re-time”) the DQ data signals (e.g., by 0.7 clock cycles for .2)

FIGT « o
T J] 1300
MODE REGISTER DATA REGISTER ~i_ 320
310 DUORT fe—-rremeomar ] |
: 322 READ LEvENG CRoUT_|—{——1-323
LOLKR| LOLKW| )
0uTB
ﬁ‘1 STROBE
GENERATING
CIRCUCTI
376 i | B pTeta
= A O W 301
!

FIFO (WRITE)
s
D0 e
) — | el
[ D1 1 |T5.3 ——<]-._ FIFO (READ) CIRCUIT ;_{seuacmFt‘
~< (flight time 4

= delay of 0.3 CLK) Buffer Re-Timing — 3{)2
b 0.7 FIG.15
T6
FIG.I =3 (buffer re-timing CLK --------------------------------------------
delay of 0.7 CLK) [ o 33 FIG.5

light Time
I=9 1=4 T-3 T=2 T-1 !] n TZ I3 T4 i]L- T7_ T8 19 TIO T TI2

CONTROL snui(:::; ///////////////////////// b /////////////////////////////////////////////////////////////////////// 070 [0130] ’—-I;her fter . t:!le data I egl ster jbuﬂer 300 pEI'fDI]I].S a
SH nEEEEaS re-timing in s chronization with the mternal clock LCLKR
ms;ou‘r) P - using the FIFO (Read) circuit 302 to convert CL into CL=6,

ouT) -
" Re-Tinng P and outputs the read data ()} and the data strobe signal DQS.
FIG.11 — = With this configuration, it becomes possible for the memory

controller to receive the read data DQ) in a correct manner.
EX1082 at 2 (example of measuring and applying DQ delay for read operation); EX1005 at 1[0130] & Fig. 5
EX1070 at 1
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet)) at 8-10, 39-53; Paper 23 (Reply) at 25-27 23
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Hiraishi's data buffer provides a variable delay that depends on the amount of the
vertical “Flight Time” (or “fly-by”) delay

D_?C T
T woveresister | DATAREGISTER
GONTROL GIRCUIT
{ wRie LeveLvG oRcu_|
READ LEVELING CIRCUIT I ~

322

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

sad1nag Atowd

b'éi},ii}?i;'r"ﬁ 7 ""EI}"; """""""""""""""" Ts
T6 /

-
o
~

| Either L1 or L2 ... would be used at a given time, to
SRR IR0 C 70k, avoid conflicts.... [L]ike Figures 15-16 of the ‘608
Patent ..., Hiraishi's data paths have a “fork in the
road” arrangement for routing data and strobe
signals from either one (L1) or the other (L2)
L2 Vertical Flight-time branch to the same output (terminal 350, coupled
Delay (0.3) to line LO for strobe signals; terminal 340, coupled
to line LO for data signals) during read operations.
Paper 1 (Pet.) at 68

|
|
I Delay for L2 T5.3

<

1 clock cycle

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet) at 48-49; Paper 23 (Reply) at 25-29 24
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Hiraishi's data buffer provides a variable delay that depends on the amount of the
vertical “Flight Time” (or “fly-by”) delay

BAKER BOTTS

CK

]

'

]

1 310"{ DLLCRCUT [«—{ Waretevemacieur_|
: — —k

i 9

DRC  DRF
%) Az '
Y --300

CONTRCL CRRCUIT

“ 321\— l::‘of REGISTER DATA REGISTER __E:azo

Delay for L1! “
13.75 | |
1

1
\
1

—+ 3'22 mv__] 7‘4.323
i LCLKR LCLKW[_ 80 'msi 3
| 008} L.
I ]
: B | 351
! CENERATHG e |
lﬁm# - “toas! 2
3503 .}j> 376 = 3!52
e 301 |
| o Ipa; '
(N b o Ky == e
_1. Do f5 -
| FIFO CIRCUIT SELECTOR! i
3405 | IFO (READ) CIRCUI }._{ mi L)z
1' ; a2

sasinaq Aiowa

L1 Vertical Flight-time Delay (0.7)

T4.45

Delay for L2

L2 Vertical Flight
time Delay (0.3)

1 clock cycle
DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

T4.75 (write data centered at T5)

Paper 1 (Pet.) at 45-46; Paper 23 (Reply) at 25-29 25
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Butt (U.S. Pat. Pub. No. 2007/0008791) [EX1029]

Butt discloses the details of buffering and adjusting

BASE_DELAY_UN

|

|

;

! BASE_DELAY_UN

|

|

! OFFSET_P_UN

|

|

:

: - DQS/DQS_UN

I }
4: DQS_INTN_UN 123a | GATEON_UN
- |

| |

| 125a !

| DR_NDQ_OUT(7:4]-5 7:4 !
e e M, L pareadpata)

|

|

1

|

:

|

|

|

|

OFFSET_N_UN

|[Each of the physical read datapaths 114|

BAKER BOTTS

EX1029 (Butt), Fig. 3A, 1[0017] (annotated)

102~

T

in the

108\
/O BUFFERS

104-\
- DOR
--—-——--..__FHY 113
g e
cLk_1x | _ | prR NpQ oUT
ASYNC [
ek ax| | | PO |l PDOS OUT
| _ND@s_out
112/ 114
i, vl DR PoQ 0T
; 8,
5 ASYNC [«
3 F|F° ,_i
3 A% | NDQs ouT
2 MC_X4_MEM_SEL | ="
2 11205 . .
& ’, . . .
E £ 112¢ -y 1143
5 DA_PDQ_OUT
_ n, PLABSG -
N DR_NDQ_OUT
N Bfinno ™ Poos.out
. 27PLRVALD e -
hg NDQS_OUT
<
- BASE_DELAY
CLK_1X | _[ MASTER | (TO EACHDP) GATEON (O
» MASTER | | eacHOP)
116~ |MDELAY DQS_INTN
¥ LOCK (FROII:\)API)EACH CLK_1X
MC._CVD ~ GATEON [¢————
;TCONTHOL RD.GATE | CIRCUIT | CLK2X

118~

EX1029 (Butt), Fig. 2 (annotated)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 12-13; Paper 23 (Reply) at 10-11
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GROUND 1 O 2

GROUND 1: HIRAISHI + BUTT

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 27




COMBINATION FOR GROUND 1

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 28
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Ground 1: Hiraishi + Butt — data buffer removes vertical flight-time

(] [ ] (]
delays in the which includes
Hiraishi: Memory module with data buffers that adjust Butt: Details of buffering and adjusting
to remove vertical flight-time delays in
DRC  DRF
: ___________________________________ =S __--_“_—_____—_""3(» DDR PHY = 108~ s
E I _mooereister | ONIAREGITER. ”“5320 [_da_ or_poo_out ! /O BUFFERS
i WRITE LEVELNG CIRCUIT i e e ey Ko mmmmee ' @
: 822 READ LEVELING CIRCUIT ““:’ 323 / '___1g0_aA ________________________ 5 | Amc - PDQS_OUT : N
i i ! t2ta ! | ; Z :
i T { <108 PDQ,OUT[?A]rﬁl [7:4] L oo (READOATA) |27 N !
t ms: [ . | | -
| | -?\;5‘ | | PDQS_OUT UN / 2 g1_24a. 122a | b .
! H L STOHEDIEAVE — BASE_DELAY_UN | 2
- : | DECAY ADIUSTHE /\2 : 2 S !
i " Lo DEAVARRISTMENT L OFFSET_P_UN I: : i : [::: g
DoSt ... B [ B <]
F 302 l 127a LopasposUN | e osor P | | T
= § ¥ E : E DGOSR GATEON_UN | Joos_out
301 i 372 1 v‘ IﬁgBASE_DELAY
i 4 b i Lt | DR_NDQ OUT(7:4]&- teba 7:4 ';\ESLE/R EACHDF) Gé‘r\gﬂ%go
LEO o . Flrg FPgur-‘trr‘_re, éj = DO\_L_ | 2500, 7:41re [7:4] DQ (READ DATA) | VDEY (F?RQOSAI IE{;\I’SH/
i : x‘ | : = _ -CLK_1X
— : Jb-l % T " b B ! 341 1 | _NDQS_OUT_UN LS : l’“"‘éé I—TD_:T)E - e <Streex
P g— == ‘—ELE—CEJ: L2 | sromepsmwe iz BASE_DELAY_UN | Y 1187
i ! : " | DELAY ADIUSTMENT ’ '
: 302 0—0?\; 42- . orrseT NN | &
T e T e R e S S e S e T e rm e e e N Y i A ——
* Both references directed to accurately timing memory data transmissions
* Both references teaching adjusting DQ/DQS signals, using components such as FIFO
+  "“[A] POSITA...would have been motivated to implement Butt's controlling technique in Hiraishi’s ... buffer”
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 33-41; Paper 23 (Reply) at 10-11 29
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GROUND 1 HAS A “DELAY CIRCUIT" IN THE

"DATA PATH,” EVEN UNDER NETLIST'S CONSTRUCTION,
THAT DELAYS IN RESPONSE TO "MODULE CONTROL
SIGNALS" IN RESPONSE TO “SYSTEM COMMAND SIGNALS”

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 30
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Netlist has changed its construction for “data path”: Before this IPR, Netlist filed a Complaint against
Samsung asserting that the “data path” (in the dashed red box below) includes DQS strobe signals
(highlighted in yellow), but in this IPR Netlist is construing the “data path” to be limited to

DRAM INTERFACE

MDQSO0 t MDQSO0 ¢ MDQ[3:0]
VRer
> CB(;IF::;L GEN
y WORDS Al 1 f
An example o
BCK t © RJ(\ DLL ' —tristate buffer in
BCK ¢ © / the write data path
- y and controlled via
COMMAND MDQ_OE
BCOM[3:0] © >—, — DECODER PR .l N .f
— POWER ————— = An example o o o o
al MANAGEWENT 1 e . \: delay circuit " a"eged "delay circuit” in
.55 ot REE = Sasmmpammns th ud h" -d -fa d
e “aata path” identifie
BOKE 01— _ by Netlist in district court,
- which includes DQS strobe
K — =
An example of o o o o
¥ tristate buffer in signals (highlighted in
the read data path
TERMINATION
BODT o—h—oI, CONTROL SEAT L and controlled via yellow)
>—' e DQ_OE
—-—
K ﬁ
BVref ¢+ IMPEDANCE Da
CALIERATION 8 I et
BLOCK GEN
[ |
B LOWER NIBBL= J
ZQCAL D%(S)Ogjt_t D%%Omc_c UPPER NIBE LE D%pr]y;]
HOST CONNECTOR INTERFACE
EX1057 (Netlist's Complaint in district court) at 58
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 16 ; Paper 37 at2 31
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Hiraishi's disclosure (left) is substantially identical to the ‘608 Patent’s preferred

embodiment of the “delay circuit” in the even under Netlist's construction
Figure 5 of Hiraishi [EX1005] Figure 16 of the ‘608 Patent [EX1080]
__________________ S . . M
i | MODE REGISTER l DATA REGISTER ,__E_;:;%o
! 310 BLLCIRCUIT [ WRITE LEVELNG CRCUIT_|. FouRe- e E
i 322 . FEAD LEVELING CIROUIT }~“E-323 P T -
; LOLKR|  LOLK| : ey ol
! !
; OUTB y i : ba :
{ Y STROBE ! 1670 1660
i GENERATNG : :3272_ o 1650 :
376 : : - o
- — 4h —-—— :— - —I i 1
31 L — AR o -
Fasrp R ol | ’
+ ; ! 341 I WDQs RDGS CKODS  enasens ENB ENA
_ﬁ.__| FIFO (READ) CIRCUI;’ HSELECTOR Dq% - :
40 2 1 FIG. 16
FIG.5
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 13-15 32
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Hiraishi's data buffer has a “delay circuit” for read operations (e.g., FIFO (Read)
circuit 302) in the even under Netlist's construction

DRC  DRF

"|__mooeReGisTER | DATA REGISTER 1390
CONTROL i

CIRCUIT .
| wREEVELNG CRCUIT | i
1

Therefore, Ground 1 discloses the claimed “delay circuit” for read

_________________

operations, including the FIFO (read) circuit 302 delaying the read data signal,

i
i
Paper 1 (Pet) at 51 i ‘ : o7 rewEEmaoeT | -—Li-323
The output of the FIFO (read) circuit 302 is timed by i LCLKR| LCLKW SEL BC ; L1
- DELAYCRCUIT Does! ]
. o . | 370 {331 | UTB| p RS
the internal clock LCLKR generated by the DLL circuit 310. therefore delaying the : oUTB + L k)| s gL 351
: )q SSTRGEE GENERATING {SELECTOR| | INB |
read data signal by a variable amount that is determined such that it is output in I}O DI gl W7 crcur £ 232 i L2
Lot | ’ = vl 00SL ).
synchronization with the clock signal CK at CL=6 after the Read command. 350 i L PELAY GIRGUT H’!$€LEC'°$|:I4-» s el I 74
r---- --l------‘---dq—---jn--- -w--#--l
EX1003 at 1166 | f 301 372 ) i 1
. ) ] 1
[0130] Thereafter, the data register buffer 300 performs a | | AR R b D0 | "L'__l
B . . . 1o | A 334 ——
re-timing in synchronization with the internal clock LCLKR . QQJA,_ | ol 1341
using the FIFO (Read) circuit 302 to convert CL into CL=6, | 1 30, " Tl | 0w crour SELECTOR s :
and outputs the read data DQ and the data strobe signal DQS. : ;' 302 m{,(%,é_.
With this configuration, it becomes possible for the MeMOry | oo e e e o o o o o i e o S o o e
controller to receive the read data DQ in a correct manner. “delay circuit” under “data path” under
EX1005 at T[0130] Netlist's construction Netlist’s construction
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet) at 48-53; Paper 23 (Reply) at 13-15 33
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Hiraishi's data buffer has a “delay circuit” for write operations (e.g., FIFO (Write)

° ° ° ° Y °
circuit 301) in the even under Netlist's construction
Therefore, Ground 1°s delay circuat for write operations includes the Write FIFO CK DRC  DRF
: : : . . T . el S pee e 300
301 delaying the write data signal, delay circuit 370 delaying the LCLKW signal, ~| WOOE REGISTER OATA REGISTER '
- CONTROL CIRCUIT -7320

Paper 1 (Pet.) at 47 310“{ LA ]‘_‘L.wns LEVELIG CIRCUT |

i
|
: 4— : [ reapLeveuns creurr |-
A Skilled Artisan would have understood from this disclosure that Hiraishi’s delay { 322 — -
— ; LoUR| Lokl - SEL
circuit for write operations includes the FIFO (write) circuit 301 and performs a re- : :
; 0UTB 4
timing of the DQ/DQS signals in synchronization with the delayed internal clock E
— LO { J—~ GENERATING
LCLKW. L DS, i
EX1003 at 1161 300 | Egipmspeissiiniy 376 loeuar cmcur
[0135] The data register buffer 300 loads the received write : A ' 301
. . . . . !
d.ata DQ in the EIFO (Write) circuit 301 'w1th a data strobe T o :Rll)TTE)
signal DQS that is delayed by a predetermined phase amount : ) DO | —|°
(for example, phase difference of about 90 degrees). The data I 340 [ FIFOREAD) OIRCUT _f«—[sELECTOR
register buffer 300 then performs a re-timing in synchroniza- J i
. . . . . !
tion with the internal clock LCLKW using the FIFO (Write) (I — _—— A —. -3 eall
circuit 301 to convert WL into WL=5, and outputs the write ndelay circuit” under “data path” under
data DQ al’ld the data StrObe Slgnal DQS. P Netlist's ConStI’uction Netlist's construction
EX1005 at [0135]
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet) at 39-47; Paper 23 (Reply) at 13-15 34
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Hiraishi’s disclosure (left) is substantially identical to the ‘608 Patent’s preferred
embodiment of the “delay circuit” in the even under Netlist's construction

Q. The clock signal CKO and the delay signal

Read direction — ‘608 Patent (EX1001) Figures 16 & 15 : . . ) )
o _ the delay circuit 1660 in Figure 16

similar, but maybe not identical manner.

v

CK DRC  DRF [ 1620 1630A 16024 similar to how they control the delay circuit 1560 in
rasomessssmmenss o T — et s
! I wocerecster | DMAREGSTER 4320 Figure 15; is that fair?
; 310 oL CRUT e eeeng oraur | ! o i
i T " T m}“‘%%i) 55 A. _ are shown controlling the
: delayed circuit 1660 and 1560, presumably in a
|}
|
I
]

Q. In Figure 16, the sampler circuit 1670

uses the RDQS strobe signal to sample the output of

1502A

YAoas

the delay circuit 1660; is that fair?

”‘[ RO T

FIFO (READ) CIRCUIT

A. Yes, I see that.

bas _ﬁ 1570 1560 1550
e o 1580
N

“I7 Tl

Q. So the delay control circuit 650, which

i
1 H 302
1
——'—.—.——.-.—.—-.—.—.—_—--‘-.--—. . i 05 S8 IR \ is inside the data buffer which is also sometimes
FIG.5 |uilol N, referred to as the isolation device, _
ERNERENDONE DO ECHETRGNEEENIES 20 and 620 that
are illustrated in more detail _,-

is that fair?

V4

A. Yes, I think that's fair.

EX1074 at 153:2-8, 154:6-9, 169:25-170:7
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 15-16 35
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The Institution Decision correctly found that Hiraishi’'s data buffer delays
data signals “in response to ... module control signals” (e.g., DRC)

vii.  Limitation 1[f]

Petitioner asserts that Hiraishi discloses that the data path

j corresponding to each data signal line includes at least one tristate buffer, i.e.

“outputbutfersOUTB and inputbuffersINB,” controlled by the command
processing circuit, and a delay circuit, i.e., “DLL Circuit 310, FIFO (Write)
Circuit 301, FIFO (Read) Circuit 302, Delay Circuits 370 and 372, and

Strobe Generating Circuits 374 and 376,” configured to delay a signal 400 LCSNT}"_PM 200 W i i i i
through the data path by an amount determined by the command processing k }\1 Clock—Post ';EMORY rMEMORY o - H_H;“EMORY J-“ .....
circuit in response to at least oneofthe module control sign_als.let 39. CHIP CHIP || CHIP || CHIP CHIP
Although Petitioner asserts that it is ambiguous as to whether the claim 1 ;;45>Dt52'“"
language “in response to at least one of themodule control signals” modifies ns%’g?ea - RE%AIST% = RE%?ER | REgg#E o RE[()HKS[?ER .....
the term “to delay” or the term “determined,” Petitioner contends that the BUFFER |—{BUFFER | —{ BURFER"|—{ BUFFER | —| JBUF
combination of Hiraishiand Butt discloses either interpretation. Id. at43 L4 oa-pel - foas-pe 300
(citing Ex. 1003 155). 2 L

Petitioner also argues that Hiraishi discloses, with respect to the flow [] 120 EX1005, Fig.7
chart shown in Figure 13, a step “S4 Read/Write leveling to determine the
delay through the data path.” Pet. 42 (citing Ex. 1003 9 152; Ex. 1005,
Figs. 5, 13).
We have reviewed the evidence and argument, which includes

unrebutted expert testimony, andon this record, we preliminarily determine

that Petitioner haspresented sufficient evidence that the combination of

Hiraishi and Butt teaches limitation 1[f].

Paper 13 (ID) at 31-33
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet) at 37-51; Paper 23 (Reply) at 16-20 36
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Hiraishi's data buffer performs S4 read/write leveling in response to DRC “module control signals,”

which are in response to MRS (mode register set) “system command signals” from the host

[0099] Thec

EX1005, Fig.7 |

. " . " CNTRL-Post
— yyr— claim [1.f] "module control signals” |} 400 Lf } 200 # " " "
i Clock—Post
claim [1.b] “system command signals in respon”se to . ) : lmu_m@ 2 venore ||| H wesiore 1| [ wemory 11| H venrore ﬁ
the [1.b] “system command signals” | [sesmmssms i Rordo-rs| o o o i
q—'“->DQS—Post
110 $ 3 DATA  [— DOATA |—| DATA || DATA }|—»| DATA
o I P mew R e e e e i
|’L: :"‘ --—-| 200- " 2400 5T - :—.r“"l I L3 L4 po-pre| [ogs-pre 360
1 . = = :f 1 1 008« Lo
200-241 L P ! F ] \ - } r i -
200-31- E {-—;— Ii J | = : | : |
L] /’m’ ‘a : .;_, I 5:_. ;3. ¥ | ¥ _‘t, Y },, : i I
21

ontro\si nal generating circuit 430 is a circuit
that generates W to be supplied to the
data register buffer ased on the command/address/con-

trol signal supplied via

operation 1s performed in synchronization with the internal
clock LCLKCA. * for the data register
buffer 300 is supplied to the data register buffer 300 via the

output terminal 403.

C 1npul termmmna. , O whieln an

EX1005 at 1[0099]

L0 L ;;, i =
(= ol 3 simin i o i) o] mpeited (ar ¥ duds L (2 e e 1 A =
AL 11T T PECUTTIUTITICTITONA  THLTID ) J!l!!'.'!ﬁ!'!'.'.'!'.!‘._'_"l! )| \
“‘-'?;:':::*--r ““““ r """" "“'(""‘,“'f",‘V' "'T""'*, """" f' """ S I
120 3000 23001 3002 1ip, 4 :Rz 130/ 13 1lop 200-34 | 200-35 |
The memory
devices perform the read/write leveling operations and rdgd/write operations 2
response to commands, including mode register set commands and read/write
commands. EX1003, 99172-173; EX1020, 29, 31, 33, 43, 48-54.
Hiraishi’s S-4 write leveling operation is performed during initialization in
response to module control signals (e.g., _ “mode switching” or
“mode register set” commands) by a write leveling circuit 322 “to adjust a write
timing...in consideration of a propagation time of a signal.” EX1003, q159;
Paper 1 (Pet.) at 44, 53; see also EX1003 at 1176
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

[ g Of The initial-
izing operation includes a mode register settin olm by
which predetermined mode information is set in the mode
registers 215, 321, and 431 that are included in the memory
chip 200, the data register buffer 300, and the command/

address/control register buffer 400, respectively (Stg S3).

[0140] Upon completing the mode register setting opera-
tion, a leveling operation between the dala re gister Eélﬁer 300

EX1005 at 11[0139]-[0140]
Paper 1 (Pet.) at 20-21, 44, 53-54; Paper 23 (Reply) at 16-18

37
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Hiraishi teaches that S4 read/write leveling is performed (during initialization) in
response to the MRS command, consistent with the JEDEC standard for DDR3

Power—on ~31
l ODRC  DRF
_ - ._.‘__ ..’._._.,...- — ,:'sw
Reset | Sz 7 1 WOOE REGSTER &u&%ﬂz' ‘{_ 320
i § H 322 m - s 323
> ' L
g : 1”03«1
1_ g g 4 st
2 : 8 | g
. o 3 L2
Set Mode registers  -S3 g D055 nost 2 2
: g < S5 leveling — } ‘_352_> <S4 leveling — <
& (read / write) : 43 (read / write) _g
Read/Write Leveling = : il
(Data register buffer —S4 2 100 ! 3
-Memory chip) 2 340" {}. = FIFO(READ) CRCUTT  be—{SELECTC i 4
-2 02 09—«}\;‘2-
Read/Write Leveling g e —
Memory controller [—S5 = FIG.5
-Data register buffer)
# EX1069 at 1
EX1005, Fig.13 i ! Hiraishi at [0139-40]. A Skilled Artisan would have
The initial- understood from this disclosure that the system memory controller instructs the
1zn?g operation m_c ludﬁ%ﬂﬂ%&lﬁ%ﬁ)})ﬂg:tl(}n by command/address/control register buffer on Hiraishi’s module to perform the S4
which predetermined mode information 1s set in the mode
registers 215, 321, and 431 that are included in the memory read/write leveling using “a first set of command signals,” similar to the mode
chip 200, the data register buffer 300, and the command/ o T B s
address/control register buffer 400, respectively (Step S3). e - e e
[0140] Upon comp]eting the mode reEjSTEI Semllﬁ LR in the memory devices. See, e.g., EX1020 (JESD79-3C) at 31. 33, 48-54 (multi-
tion, a leveling operation between ta register er
and is perform tep ] purpose register for read calibration), 43 (mode register setting for write leveling):
EX1005 at T11[0139]-[0140] EX1003 at 1176; see also Paper 1(Pet.) at 44, 53-54
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 20-21, 44, 53-54; Paper 23 (Reply) at 16-18 38
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The JEDEC standard confirms that Hiraishi's data buffer performs S4 read/write leveling

(during initialization) in response to the MRS command

100
HE O T

R 200-0 200-32 :_
e e8] I 400 e )
L 2] & By
:: () [ 7 3 : I
200-24—+—+ 1= == 0 el | | r . : I
T I ||
200-3 |} 1 : L :
L1 :: 1 gk gy v 1F Ao\ 18 ¥ 1¥ /18 | :
. i H L
- e LA :'.'_".'.‘{i-_:z-_:‘?‘-_-_' el =) iy dpdeted| |
T 1T BT T (T
o - T B L TV R T r{1 I
120 (300-0 ~°300-1 300-2 1\ 2130/ 120 1o, 200-34 | 200-35
6 \ . I
L i 3
EX1005, Fig.1

JEDLET DDR3 SDRAM Standard

3.3.1  Power-upfinitialization Sequence

The followinggfequence is required for POWER UP and Initialization.
I I

6. Issue MRS Command to load MR2 with all application settings. (To issue MRS command for MR2,

——————

CNTRL-Post
| 4?0 LS 200
1 ) [ clock—post
.W 13T MEMORY
LI P Ty [
Clock—Post
L > DQS-Post
| £ m—ﬁ‘-ﬁﬁ *
I glg DATA
NE
I g 8|z BUFFER |—
R
| I 1 5 S e K
|

#1 #2
MEMORY MEMORY
CHIP CHIP

#3

L2

DATA

[ oA
REGISTER [— REGISTER |—] REGISTER
BUFFER BUFFER

—— DATA

—{ BUFFER

L4 pg-pre| [oas-pre 350
LO

120

L e S —— |

3.45 Mode Register MR3

MPR Operation MPR Address
A2 MPR Al | AO MPR location
0 Normal operation™*> (U Y Predefined pattern®”
1 Datatlow from MPR 0 1 RFU
1 0 RFU
1 1 RFU

*2 :The i)redefmed pattern will be used for read synchronization\.

pl'oviae "Cow' t BAO and BA2, “High” to BAL.) .
7. Issue MRS Command to load MR3 with all application settings. (To issue MRS command for MRS,/ 3.4.3 Mode RegISter MRA1

pl'oviae “Low” to BA2, “High” to BAO and BA1)) )
8. Issue MRS Command tq load MR with all a.pplicalion settings and DLL enabled. (To issue "DLL == A7 Write leveling enable

Enable” commana, provide "Low" to A0, "High" to BAO and "Low" to BA1 — BA2).
9. [Issue MRS Command to load MRO with all application settings and “DLL reset”. (To issue DLL reset o

— i 0 Disabled
command, provide "High" to A8 and "Low" to BA0-2).
EX1020 at 19; EX1074 at 105:12-:22 1 Enabled EX1020,
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

26, 42;

4 |

|

MEMORY MEMORY ([[] +=--- i
CHIP CHIP

- |

|

> DATA I

"> REGISTER| +--- I
— BUFFER

|

|

|

EX1005, Fig.7 1

EX1020, 31, 48, 50-51;

EX1074, 79:23-80:14, 89:6-90:9 ,

123:8-128:21

EX1074, 89:6-90:9 , 119:20-123:7

Paper 23 (Reply) at 17

39
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During S4 read/write leveling, Hiraishi's data buffer determines the
amount of delay “in response to ... module control signals” (e.g., DRC)

FIG.14A FIG.14B
As explained in DATAREGISTER BUFFER
CK(N)
4 g R . " atic . . - = DQ(N)
the Petition, there is a two-step process that satisfies [1.f]: First. during < aent Tra s
e . . . DAS(ouT) M\
mitialization. the DRC signal causes the Data Register Control Circuit 320 to - —>
[MEMORY CHIP| [ Clock Skew Clack Skew
fi S4 read/writefleveli rhich d i d stores th iable’
periorm read/writefleve ng. whic etermunes and stores the variable” amount CK(IN) N\ PV W ) g WV VY VN W
- Flight Time
DQS(IN) F — -
of delay needed (as sllown in Figures 14-15 of Hiraishi) il i i ok
DQ(OUT) W
P 23 (Reply) at 18
& m w aper 23 (Reply) a
i CK 321 m—&:‘i—a 1 1--300
i 310 oLLCReuT —rwm:ﬂm S :320 [0142] FIGS. 14A and 14B are timing charts for explainiﬂg
5 — ta23 | the write leveling operation between the data register buffer i Figt Tine
Lc”“{ LLKH e odt L 300 and the memory chip 200, where FIG. 14A is a timing D s o L o G S e g o e e e G o
: our8 § k| "";’“‘3‘5']" chart at the time of starting the leveling and FIG. 14B is a o) A OEOEOE I E OO DB
. - %5&%6 N8 | timing chart at the time of ending the leveling. This operation e B o 5 o i o
Lpos f o, ws 2 | is performed by the write leveling circuit 322 shown in FIG. s el AL o
3500 LN, 376 PR P i
i T [ DATAREGISTER BUFFER || >t Flght Time > Fight Tire
' i N 301 EX1005 at 1[0142]
: == esscron be ti T = T R I e o e e e e e
Lo SR i b, r;; [0147] TIG. 15 is a timing chart for explaining the read i
340" V<j._"hm’mﬁo{cmEu}F;_Fmr&f -. leveling operation between the data register buffer 300 and Nt rT T S0 T DTN AR GISIER BUFFER 000 -
; i 1 P 2 e memory cExp 200. This operation is Eerl‘onned bx the read - = z *-li_/—\__/—\_/—\_/—»————
rsssessommessrrsesEseTeTETY ST TSI < 342 leveling circuit 323 shown in FIG. §. ” |gosmueuonvcummw'rommn£srsrsn au:';n:ma] vty
FIG.5 EX1005 at 1[0147] % I 2
FI1G.15
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 37-51; Paper 23 (Reply) at 18-19 40
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During normal read/write operations, Hiraishi's data buffer uses the determined
amount to delay (“re-time"”) data signals “in response to ... module control signals”

(e.g., DRC) in response to read/write “system command signals” from the host

second, during

normal operation (e.g., in response to a read/write command transmitted via DRC),

that stored delay amount is used to con

tim[e]”) both the DQ data signals

strobe signals associated

Figures 11-12 of Hi

the “delay circuif” to delay (i.e., “re-

.2., using the FIFOs 301/302) and the DQS

ith that normal read/write command (as shown in

1shi). Pet. 37-51; EX1070 (Figures 11 & 15); EX1071

o L R
: CK 321\ -;(;IKGISIEJ‘ _-+ —————— ;;;\;;-_--V‘:“aoo
| [ wooerecster | OATA !
E 310 OLLCIRCUIT [ WAITE LeveLNG CRouT o ”‘3’320
'E : ) READ LEVELING CRCUT_ |1 : -323
|
| v
i LS T
| 1351
H |
i L2
.
1352
:
3
$ 1FO (WRITE) &
i [T e — T
LPV gy s e A RO
RYT I S— | FIFO(READ) CRCUIT  e—{SELECTOR i
- N
: 302 342
FIG.5
BAKER BOTTS

Paper 23 (Reply) at 18-19

[0135] The data register buffer 300 loads the received write
data DQ in the FIFO (Write) circuit 301 with a data strobe

signal DQS that is delayed by a predetermined phase amount

(for example, phase difference of about 90 degrees). The data
register buffer 300 then performs a re-timing in syncm
T T el T T O R W merag the FIFO (Write)
circuit 301 to convert WL into WL=5, and outputs the write
data D() and the data strobe signal S.

EX1005 at 1[0135]

[0130] IThere:ai"[er, the data register buffer 300 performs a
re-timing in synchromza!mn wéi the internal clock T.CLKR
usimg the FIFO (Read) circuit 302 to convert CL into ClL=6,
and outputs the read data D(Q and the data strobe signal DQS.
Wit 1his conllguration, 1t becomes possible for the memory

controller to receive the read data DQ) in a correct manner.

EX1005 at 1[0130]

DEMONSTRATIVE EXHIBIT - NOT EV

I DATA REGISTER BUFFER I Time ! : ' ! ! !
15" 1-4 7T-3 T-2 T-1 IT0 12 J3.2 s 'TL LIF.§ s 0 _I1il._T12
Lo 11 M o e sy b g ey e ) e i e v e by, e o ot ey o e s o W r iR e v
(IN) : i
DQS(IN} ;
DR(IN) 5
oas(oun 5 o 2 o vt
1RCD=5nCK
DQ(OUT) % 12 @ &
Re~Timing
MEMORY CHIP > Output earlier by Flight Time
ool Tl E2 o Il A T2 T3 T4 IS T TT_ T8 T3 TIO T TI
ool oo > aen'e toeh VY Y
0QS(N) Z 277 ERU S o s i g
= = ) 1 . ' ' 1
M('N) v 7 lll lll l.ll T:
FIG.12
Fiight Time
. T-5 T-4 T-3 T-2 T-1 T\ T2 T3 T4 T5 T6 T7_ T8 T9 TIO T Ti
CMD(N) GEDOXERXOXEEEXEE (5,80 0 @ €5 (2,6 (&2 @ (D & 0.8 (0.6 (3 & ) @ T &
Y H 8
DAS(oUN) tRCD=5nCK = CL=5nCK 1= :
DQ(0UT) =S 1 000 &8 &
[[DATAREGISTER BUFFER | L. Flight Time - Fiignt Time
T5 T-4 T-3 T-2 T-1 T T2 T3 T4 T5| 16 T7 T8 T9 TIO T TI2
TROL SIGNAL (IN 2,772
DAS(N) - e
DQ(N) A . D—
# = CL=6nCK o et ke b
DQ : X
"I‘_~ Re Timng |
FIG.11
IDENCE Paper 1 (Pet.) at 37-51; Paper 23 (Reply) at 18-19 41
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“Module control signals” (e.qg., DRC) need not directly control the “delay

circuit,” as shown by the ‘608 Patent itself (e.g., DB Command Signals)

1610 1620 1630A 1602A
N by 1
J

[2e}
7___

322

1670 1660 1650
P

.

Y8

il

3 : ]
u
\ wolls ol I“‘“ DSI ENA/ENB ENB ENA
; L ] L ]
] L L
. | |
: L ] L ]
| = = FIG.16
Lo DOS: CKO - -
350/? ' wDas  RDQS
i I | 620
i Das -
w_ |
_l_m_b_‘
340

Q. Turning back to Figure 6 of the
'608 patent, the command processing circuit 640

inside of the data buffer will receive the DB command

signals that were sent by the controller 116 that was

in the middle of the memory module; is that fair?
A. I believe that that's fair, yes.
Q. And then as explained at column 12,
starting arcund line 31, the command processing
circuit 640 inside of the data buffer includes_a

delay control circuit 650 which determines the delay

amount sent via delay signal DS; is that fair?
I

A. So it does say:

The strobe routing circuit 620 also buffers strobe signals
received from either the MCH 101 or the memory devices
112, and output either a write strobe WDQS or read strobe
RDQS to the DQ routing circuits 320. In one embodiment,
the ID control circuit 310 further includes a dela
circuit 650 that receives one of the ¢ $
and erther a data signal8r a strobe signal and determines a
delay amount to be by the DQ routinm
Irq-rte strobe routin

ruit 620. The delay amount is provided
circuit 320 and the strobe routing circuit

EX1001 at 12:27-37

O 7 7
CcK
DB Command Signals (MCS)
FIG. 6
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Q. So the delay contreol circuit 650, which

is inside the data buffer which is also sometimes
referred to as the isolation device, provides the
I

determined delay amount via the delay signal DS to
_—

both the DQ and DQS routing circuits 320 and 620 that
I

are illustrated in more detail in Figures 15 and 16;
is that fair?

A. Yes, I think that's fair.
—

EX1074 at 168:23-169:9, 169:25-170:7

Paper 23 (Reply) at 19-20 42
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“Module control signals” (e.qg., DRC) need not directly control the “delay
circuit,” as shown by the ‘608 Patent itself (e.g., DB Command Signals)

1610 1620

1630A 1602A

L

1670 1660 1650

ENA/ENB

EEE R AW
&

:  FIG.16
P os} :
3505 Rolqs 620
1 IN8 |
Lo A5 —
uo; L

", —
........................... . \T|

FIG. 19

DB Command Signals (MCS)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Q. So in this embodiment of the data buffer

shown in Figure 19, the delay circuits 1560 and 1660

in Figures 15 and 16 are not needed because, instead,

’the clock signal CK0 is delayed by the proper amount;

is that fair?

A. I don't see a problem with that as I sit

here, no.
Q. And so, for example, if you look back at

Exhibit 1080 which has the annotations of Figures 15

and 16, it's possible for a delayed clock signal CKO

to be used in both Figures 15 and 16 to delay both
I

the DQ data signal and the DQS strobe signal by the

proper amount; is that fair?

A. Give me a moment. Yes, it's possible to

use 15 -- figure -- the circuitry in Figure 15 and 16

without 1560 and 1660 according to the disclosure,

that embodiment that we were just looking at.

EX1074 at171:4-173:3

In certain embodiments, especially the embodiments
shown in FIG. 2D, the delay circuits 1560 and 1660 shown
in FIGS. 15 and 16 are not needed to prowae allgn.ment of
the read data. As shown in FIG. 19, the ID control circuit 310

includes g clock regencration circuit 1920 that regenerates
the clock signal CK received from the control circuit 116,

according to_the delay signal DS. Ihe regenerated clock

EX1001 at 18:65-19:4
Paper 23 (Reply) at 19-20 43
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NETLIST IS ESTOPPED BY IPR2022-00236 WITH RESPECT TO
DELAYING DATA SIGNALS ON THE "DATA PATH" IN
RESPONSE TO "MODULE CONTROL SIGNALS”

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 44
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IPR2022-00236 [EX1066] and -00237 relied on equivalent prior art:
Osanai [EX2004] = Hiraishi [EX1005]

1. The Primary Reference (Hiraishi) Is the Same as the Primary
Reference (Osanai) the Board Considered in Micron -0237

Osanai from Micron -0237 not only “is related to Hiraishi,” (Pet., 113), 1t 1s

the same as Hiraishi in all material respects. as Samsung’s counsel admitted during

oral argument in IPR2022-00711 against the related *506 patent (“the "506 IPR”).
Paper 6 (POPR) at 5

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 1 45
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IPR2022-00236 determined that Hiraishi’'s data buffer delays data
signals on the “data path” (e.g., )

D 77

. = - Module Control =
A\ Memory device Memory
2 devices 100 devices

Inits contentions for limitation 1[j] Petitioner

explams that the read and write leveling circuits of [Hiraishil make timing h TN
200-24 i
adjustments so that signals between the memory chips and the data register - |
] N | Buffer
buffer are sent at the appropriate time. Pet. 34 (citing Ex. 10059 110, 146). ’-. = circuits
e e = e S B i
We : 120 ¢ ﬁo-r ;(-13-’2\\“‘08 U R‘zl':(;o{Lr3 120 110p 200{34301_8200—35
1 S
! i nnections i
determine that these disclosures of [Hiraishil are sufficient to teach controlling ; 5?3:;22:‘:;;’2{;‘";‘,’ o i’:ﬁ ‘ B oo Vidirle
. . . ignal i -8
the timing of the data and strobe signals on the data paths on which those | Tt Seo
onals travel (T SN 0.
Sliﬂ]a ave ; | MODE REGISTER mm' :: :;:;ooo
For limitation 1[h] we explained that Petitioner had demonstrated th - R ‘
each buffer circuit includes data paths for transmitting data and strobe Dol | ey AL | e el
: : : : | g ;
signals associated with the first memory operation. See § I1.D.3.c: o s 21
350 E {\352
Pet. 29-31 (citng Ex. 1003 99 105-108; Ex. 1005 99 60, 90.97. 10 : S o : 5
. : : —{ 0] A 0.
Figs. 1.5, 7). These data paths connect lines LO to lines L1 and L2 through wmlllyy | Smr=t PO E vig T
$ — ——1 FIFO (READ) CIRCUIT  «——{SELECTOR
. - ; [erormmeresy b —foenal
the circuitry of data regster buffer 300. Pet. 30-31. g 302 } et

EX1066 (IPR2022-00236, Paper 34) at 35-36
(with [Hiraishi] inserted in place of Osanai)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 1-4 46
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IPR2022-00236 determined that Hiraishi’'s data buffer delays
data signals “in response to ... module control signals” (e.g., DRC)

AND 7,

TR

10. Analysis of Claim 21

4 CNTRL-Post
Clam 21 depends from claim 1 andrecites “wherem the one or more 4(1’0 L5 200 # #2 # #4
] =) T
Clock—Post
signals received by the each respective buffer circuit during the second ‘R H—————— MEMORY MEMORY MEMORY MEMORY MEMORY JJ """
- = REGISTER BUFFER ADD,/ CMD-Post CHIP CHIP 1 CHIP CHIP CHIP i

memory operation include at least one signal from the module control DQ-Past £ 005-Post

(D N2
device.” Ex 1001,22:10-13. Petitioner contends that the /g"_gaﬁ» - ‘DATA L[ oATA [ DaTA DATA

DATA
REGISTER |— REGISTER REGISTER 1—— REGISTER

, . N . ] BUFFER |—| BUFFER |— BUFFER |—| BUFFER BUFFER
command/address/control register buffer 400 sends clock signals or o b T
L« L3 L4 pg-pre| |bas-pre 300
alternatively DRC signals (“one or more signals™) to a register buffer <130 LO

300 (“bufter circuit™). Pet. 47 (citing Ex. 1005, Figs. 5,7, 14A: Ex. 1003 120

It
:
3

€ 147). Petitioner contends that [Hiraishil's read and write leveling circuitry
use both these signals to adjust the read and write immg. /d. Patent Owner
does not separately dispute Petitioner’s contentions for claim 21. See PO
Resp. 49.

Having reviewed Petitioner’s contentions and the underlymmg

evidence we are persuaded that [Hiraishil teaches the limitations of claim 21

for the reasons summarized above.

EX1066 (IPR2022-00236, Paper 34) at 52
(with [Hiraishi] inserted in place of Osanai)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 1-4, 16-18 47
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

[PR2022-00236  joguvroastic,
Patent 9,824,035 B2

INOLOGY,INC.
OR PRODUCTS, INC., and

titiongr,

IST,INC
t Owner.

IPR2022-00236
Patent 9,824,035 B2

Before JON M. JURGOVAN, NABEEL U. KHAN, and
KARA L. SZPONDOWSKI, Administrative Patent Judges.

KHAN, Administrative Patent Judge

JUDGMENT
Final Written Decision
Determining Some Challenged Claims Unpatentable
35U.8C §318(a)

EX1066: IPR2022-00236,
Final Written Decision

U.S. Patent 9,824,035 K1
Trial No. TPR2022-00236
Certificate Issued Nov. 13, 2023

1

AS A RESULT OF THE INTER PARTES
REVIEW PROCEEDING, IT HAS BEEN
DETERMINED THAT:

Claims 2 and 6 are found patentable.
Claims 1. 10-13, 21 and 22 are cancelled.

EX1088, 2

IPR2022-00236 [EX1066], which was not appealed, is binding
against Netlist

The Federal Circuit has found collateral estoppel to be proper
in the context of ... non-appealed cases. . . .

.... [A] party may be bound not simply by the ultimate
conclusion (e.g., unpatentability of a claim), but by any
subsidiary factual determinations that were actually litigated
and essential to the judgment.

Mobile Tech, Inc. v. InVue Security Prods. Inc., IPR2018-00481, Paper 29, at 11, 18

(PTAB July 16, 2019) (emphasis added)

It is well established that patent claims need not be identical
for collateral estoppel to apply...[C]ollateral estoppel may apply
even if the patent claims “use slightly different language to
describe substantially the same invention,” so long as “the
differences between the unadjudicated patent claims and
adjudicated patent claims do not materially alter the
question of invalidity.” Whether the differences between the
patent claims materially alter the question of patentability is a
legal conclusion based on underlying facts.

Google LLC v. Hammond Dev. Int'|, Inc., 54 F.4th 1377, 1381 (Fed. Cir. 2022)
(citations omitted)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 4 48
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The '608 claims are not patentably distinct from the ‘035 claims

Claim 1 is rejected on the ground of nonstatutory obviousness-type double patenting as TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A
“PRIOR" PATENT
being unpatentable over claims 1-22 of copending Application No. 15/426,064, now US Patent
. . . . DO‘%:‘T DIST.E.FILE U.S. Patent and Traden::rokfts)%z
No. 95824,035, claims 1-20 of Copendlng Appllcﬂtlon No. 14/846,993, now US Patent No. Docunreat Description: Electronic Terminal Disclaimer - Filed Department of Commere,
9,563,587; and claims 1-20 of Copcndjng Appljcation No. 13/952,599, now US Patent No. Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING HE.IECTIONOVERA"
“PRIOR” PATENT
9,128,632. Although the conflicting claims are not identical, they are not patentably distinct
Application Number 15820076
from each other because claim 1 of instant Application, respectively contains every element of Filing Date 21-Nov-2017
First Named Inventor Hyun Lee
claims 1-22 of copending Application No. 15/426,064, now US Patent No. 9,824,035; claims - Attomey Docket Namber 129980-504905
Title of Invention
20 of copending Application No. 14/846,993, now US Patent No. 9,563,587; and claims 1-20 of 91 28632 t MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA
BUFFERS
copending Application No. 13/952,599, now US Patent No. 9,128,632, as listed below, and as 9563587 — — .
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action
such anticipate the claims of the copending application: 9824035 S\ This electranic Terminal Disclaimer is ot being used for a Joint Research Agreement.
. . Ow\er Percent Interest
EX1002 (‘608 file history) at 84-85
NETLT, INC. 100%

[The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
[rerminal\part of the statutory term of any patent granted on the instant application which would extend beyond the expiration

date of the full statutory term of prior patent number(s)
9128632
9563587
9824035
EX1002 (‘608 file history) at 102
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 6-7 49
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IPR2022-00236 determined Hiraishi’'s LO to L1/L2 is a “data path” for

data and strobe signals

IPR2022-00236, FWD, pp. 35-36 [EX1066]

‘035 Patent Claim 1[j]

‘608 Patent Claim 1[e]-[f]

For imitation 1[h] we explained that Petitioner had demonstrated that

each buffer circuit includes data paths for transmitting data and strobe

further configured to

signals associated with the first memory operation. See § 11.D.3.c:
Pet. 29-31 (citng Ex. 1003 49 105-108; Ex. 1005 99 60, 90. 97, 109-110,
Figs. 1.5, 7). These data paths connect lines L0 to lines L1 and L2 through

based on one or more

each respective buffer

the circuitry of data register buffer 300. Pet. 30-31.

signals travel.

determine that these disclosures of Osanai are sufficient to teach controlling

the timing of the data and strobe signals on the data paths on which those

to the first memory
We

on the data paths in
accordance with the
timing information

1[j]: wherein the logic is
obtain timing information
signals received by the

circuit during a second
memory operation prior

operation and to control
timing of the respective
data and strobe signals

1[e]: ... the each respective buffer
circuit including a data path
corresponding to each data
signal line in the respective set
of data/strobe signal lines, and
a command processing circuit
configured to decode the module
control signals and to control the
data path in accordance with
the module control signals ...
1[f] wherein the data path
corresponding to the each data
signal line includes ... a delay
circuit configured to delay a
signal through the data path by
an amount determined by the
command processing circuit in
response to at least one of the
module control signals

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 6, 31-53; Paper 23 (Reply) at 1-4 50
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IPR2022-00236 determined Hiraishi’'s data buffer controls the

timing of (i.e., “delay[s]”) the DQ data and DQS strobe signals

IPR2022-00236, FWD, p. 26 [EX1066]

Dr. Alpert provides credible testimony that Osanai

discloses bothread and write leveling techniques that make timing

adjustments by using the module clock signal so that signals between the
memory chips 200 and the data register buffer 300 are sent at the appropriate
time. Ex. 1003 9 115 (citing Ex. 100599 96, 110, 146-164). Dr. Alpert
further testifies thata timing adjustment, such as a time delay based on the
module clock signal, is used to create DQ-Postand DQS-Postand adjust
write timing or read timing. /4.9 117 (citing Ex. 1005 49 110, 149-157).

‘035 Patent Claim 1[j]

1[j]: wherein the logic is
further configured to
obtain timing information
based on one or more
signals received by the
each respective buffer
circuit during a second
memory operation prior
to the first memory
operation and to control
timing of the respective
data and strobe signals
on the data paths in
accordance with the
timing information

‘608 Patent Claim 1[e]-[f]

1[e]: ... the each respective buffer
circuit including a data path
corresponding to each data
signal line in the respective set
of data/strobe signal lines, and
a command processing circuit
configured to decode the module
control signals and to control the
data path in accordance with
the module control signals ...
1[f] wherein the data path
corresponding to the each data
signal line includes ... a delay
circuit configured to delay a
signal through the data path by
an amount determined by the
command processing circuit in
response to at least one of the
module control signals

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 6, 31-53; Paper 23 (Reply) at 1-4 51
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IPR2022-00236 determined Hiraishi controls the timing
(i.e., delays) data and strobe signals on the “data path”

IPR2022-00236, FWD, pp. 35-36 [EX1066]

Moreover, we disagree with Patent Owner’s argument that Osanai’s
read leveling process, which delays the mternal signals that turn on Osanat’s
mput buffers INB, does not control the timing of the data and strobe signals.
Osanaiexplams thatm read leveling, the timing of read data output from the
memory chips and the mput timing of the read command 1s measured for
each memory chip and “used in an adjustment of'an activation timmg of the
mput buffer circuit INB and the like.” Ex. 10059 157. But, as Petitioner
pomts out, Osanai does so “in consideration of a propagation time of a
signal.” Ex. 10059 146. Petitioner further mdicates that Dr. Przbylski
testified that the mput buffers (INB) act as a gate allowmng data and strobe

the timing of the data and strobe signals on the data paths on which those

signals travel.

‘035 Patent Claim 1[j]

further configured to

based on one or more

to the first memory

on the data paths in

signals to either pass through ornot pass through. Ex. 1022,70:10-22. We | accordance with the
determine that these disclosures of Osanai are sufficient to teach control]jng timing information

1[j]: wherein the logic is
obtain timing information

signals received by the
each respective buffer
circuit during a second
memory operation prior

operation and to control
timing of the respective
data and strobe signals

‘608 Patent Claim 1[e]-[f]

1[e]: ... the each respective buffer
circuit including a data path
corresponding to each data
signal line in the respective set
of data/strobe signal lines, and
a command processing circuit
configured to decode the module
control signals and to control the
data path in accordance with
the module control signals ...
1[f] wherein the data path
corresponding to the each data
signal line includes ... a delay
circuit configured to delay a
signal through the data path by
an amount determined by the
command processing circuit in
response to at least one of the
module control signals

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 6, 31-53; Paper 23 (Reply) at 1-4 52
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IPR2022-00236 rejected Netlist’s position (left), and agreed with Samsung'’s position (right) that

Hiraishi's data buffer delays data signals “in response to ... module control signals” (e.g., DRC)

Netlist's POR, p. 29

Samsung’s Reply, pp. 16-17

IPR2022-00236, FWD, p. 52 [EX1066]

"One component of Petitioner's
alleged “delay circuit” is Hiraishi's
delay circuit 370 that allegedly delays
the LCLKW local clock signal. Pet., 39,
47. This does not satisfy Element 1[f
because (1

“[T]he Board has already rejected this
argument, correctly concluding that
the "DRC" signal identified in the
Petition (shown below in a brown
box) causes Hiraishi's data buffer to
perform read and write leveling,
which determines the amount of
delay that is applied to the “data and
strobe signals on the data paths.”
EX1066, 35-36, 52; Pet. 44-47 (“write
leveling...performed during
initialization in response to module
control signals (e.g., DRC conveying
'mode switching’ or ‘'mode register
set’ commands)”), 48-51 (similar for
read).

“Claim 21 depends from claim 1 and
recites “wherein the one or more signals
received by the each respective buffer
circuit during the second memory
operation include at least one signal
from the module control device.” Ex.
1001, 22:10-13. Petitioner contends
that the command/address/control
register buffer 400 sends clock signals
or alternatively DRC signals (‘one or
more signals’) to the data register buffer
300 ('buffer circuit’). ... Having reviewed
Petitioner’s contentions and the
underlying evidence we are persuaded
that [Hiraishi] teaches the limitations of
claim 21 for the reasons summarized
above.”

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 23 (Reply) at 1-4 53
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IN ANY EVENT, NETLIST'S CONSTRUCTION IS WRONG:
"DATA PATH" INCLUDES BOTH DATA AND STROBE SIGNALS

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 54
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The Institution Decision correctly found that Ground 1 (Hiraishi + Butt) teaches

a "delay circuit” in the “data path”

vii.  Limitation 1[f]
Petitioner asserts that Hiraishi discloses that the data .Eath

corresponding to each data signal line includes at least one tristat‘&ﬁfer, ie.

“outputbutfersOUTB and inputbuffersINB,” controlled by the c}\mmzrﬁ\ﬂ
processing circuit, and a delay circuit, i.e., “DLL Circuit310, FIFO\Write)
Circuit 301, FIFO (Read) Circuit 302, Delay Circuits 370 and 372, arkd

Strobe Generating Circuits 374 and 376,” configured to delay a Signal“
through the data path by an amount determined by the command procesyng
circuit in response to at least one of the module control signals. Pet. 39. \
Although Petitioner asserts that it is ambiguous as to whether the claim 1

language “in response to at least one of themodule control signals” mo&ﬁé@

\
\
\

the term “to delay” or the term “determined,” Petitioner contends that the
combination of Hiraishiand Butt discloses either interpretation. Id. at 43
(citing Ex. 1003 9 155).

Petitioner also argues that Hiraishi discloses, with respect to the flow
chart shown in Figure 13, a step “S4 Read/Write leveling to determine the
delay through thedata path.” Pet. 42 (citing Ex. 1003 9 152; Ex. 1005,
Figs. 5, 13).

We have reviewed the evidence and argument, which includes
unrebutted expert testimony, and on this record, we preliminarily determine

that Petitioner haspresented sufficient evidence that the combination of

Hiraishi and Butt teaches limitation 1[f].

BAKER BOTTS Paper 13 (ID) at 31-33

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 39-53; Paper 23 (Reply) at 12-16
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IPR2022-00236 determined that “data path” includes DQS strobe signals

Memory device Memory
devices 100 devices
Inits contentions for limitation 1[j] Petitioner
explams that the read and write leveling circuits of [Hiraishil make timing h
200-24 i
adjustments so that signals between the memory chips and the data register - |
] N | Buffer
buffer are sent at the appropriate time. Pet. 34 (citing Ex. 10059 110, 146). ’-. ™Y circuits
We Y
- i nnections i
determine that these disclosures of [Hiraishil are sufficient to teach controlling ; ;?g:g;:::;;':gsngﬁ o E::é,, “ B oo Vidirle
.. . . ignal li ~
the timing of the data and strobe signals on the data paths on which those ': e S
. 1 DRC  DRF S
- T T e >
signals travel. | i
For limitation 1[h] we explained that Petitioner had demonstrated th - R ‘
each buffer circuit includes data paths for transmitting data and strobe Pt || EEa T e el
. . . . - '
signals associated with the first memory operation. See § I1.D.3.c: :zzr ms
| :\ 5
Pet. 29-31 (citng Ex. 1003 99 105-108; Ex. 1005 99 60, 90.97. 10 : : { 188 30 ‘
. : : —[10] | P | b L
Figs. 1.5, 7). These data paths connect lines LO to lines L1 and L2 through wmlllyy | Smr=t PO E 2 5 [
$ — ——1 FIFO (READ) CIRCUIT  «——{SELECTOR
. O ; [erormmeresy b —foenal [L2]
the circuitry of data regster buffer 300. Pet. 30-31. ; 302 } et
EX1066 (IPR2022-00236, Paper 34) at 35-36 . . T _—
(with [Hiraishi] inserted in place of Osanai) EX1005 (Hiraishi), Figs. 1 & 5 (annotated for read direction)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 1-4 56
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IPR2022-00236 rejected Netlist's position (left), and agreed with
Samsung'’s position (right) that “data path” includes DQS strobe signals

Netlist's POR, pp. 23-24

Samsung’s Reply, p. 1

IPR2022-00236, FWD, pp. 35-36 [EX1066]

“Thus, the specification makes clear
that strobe signal lines form a strobe
path and data signal lines form a data
path, as is also reflect in the claim

language. As such

hto a data signal line
carrying data signals,ﬂ
ﬂ carrying strobe signals.
EX2013, 1170-78. Thus

“Netlist’s attempt to exclude
'strobe signal lines’ from the
claimed ‘data path’ (POR 1-4,
18-40) is precluded by the
Board’s recent Final Written
Decision in IPR2022-00236
involving the ‘035 patent,
EX1031; Pet. 6, which is the
parent of the ‘608 Patent here
and expressly claims strobe

IN]

signals on the ‘data paths"

“We determine that these disclosures of
[Hiraishi] are sufficient to teach controlling
the timing of the data and strobe signals on
the data paths on which those signals travel.”

“[W]e explained that Petitioner had
demonstrated that each buffer circuit includes
data paths for transmitting data and strobe
signals associated with the first memory
operation. ... These data paths connect lines
LO to lines L1 and L2 through the circuitry of
data register buffer 300."

Paper 23 (Reply) at 1-4 57

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Samsung Electronics Co., Ltd.
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Netlist admitted in its Complaint for the ‘608 Patent that the “delay circuit” in the “data path” includes
DQS strobe signals

DRAM INTERFACE
MDQSO _t MDQSO0_c MDQ[3:0]
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EX1057 (Netlist's Complaint in district court) at 58
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Netlist admitted in its Complaint for the ‘608 Patent that a “data path” includes DQS
strobe signals (in addition to DQ data signals) corresponding to each data signal line

74.  As shown above in the example block diagram of Fig. 15 at page 95 of JEDEC
Standard No. 82-32A, the data path corresponding to the each data signal line includes at least one

tristate buffer controlled by the command processing circuit. As shown above and below, the data

path corresponding to the each data signal line also includes a delay circuit configured to delay a

signal through the data path by an amount determined by the command processing circuit in

resfjonse to at least one of the module control signals.

75. Timing delays to be applied to data and data strobe signals are determined as

described in at least section 2.12 starting at page in Table 16 at page 27 of JEDEC Standard

EX1057 (Netlist's Complaint in district court) at 59
(red box by Netlist)

BAKER BOTTS DEMONSTRATIVE EXHIBIT = NOT EVIDENCE Paper 23 (Reply) at 16; Paper 37 at2 59
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DQS strobe signals must travel with DQ data signals to ensure accurate data
transmission, as Netlist has admitted and Hiraishi and JEDEC both teach

Hiraishi’s Re-Timing Does Not Adjust DQ/DQS Alighment

| o] * e ]
[ BATAREGSTER ELFFER | Fignt Time Lol et
TS T-4_T-3 1-2 71 T T2 T3 T4 5| T6 TI TA T T TII TR
01T s e W g s W W . ] - . - W . .
CONTROL SIGHAL (N} Z p it}
m(m: u .I X
LRNOLT) CL=ErCK TR
= mns o S

DQS/DQ signals
remain edge-aligned
when they arrive at
the data buffer
(before re-timing)

e _]_‘. —1—'ren—ﬂ-n". i
FIG.11 _ﬂ\ L—- _

DQS/DAQ. signals
continue to be edge-
aligned after re-timing

._)..

Hiraishi, FIG. 11

Patent Owner Response at 45-46.
Patent Owner Sur-Reply at 2-3. DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

EX1086 (Netlist's demonstratives for oral argument in the '506 IPR) at 23

Ex. 2013, p. 23

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 10 60
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Netlist's expert admitted that the JEDEC standard requires the DQS strobe
signals to travel with the DQ data signals within a “very tight tolerance”

Q. Yes, there's the heading "Data Timing"

and there's the first row. And if you look in the
second column, the symbol is tDQSQ. And the

permissible range -- the maximum range on the entire

tDQSQ defines the skew between DQS,DQS# to Data

rage for tDQSQ is 200 picoseconds, correct?

THE WITNESS: It says that there is a --

the options configurations listed here, there is tDQSEiI{maI]—b — |
a maximum of 200 picoseconds. |
—_— — — N s o—
DQs, DQ5S# — j,"r E
Q. So it would be fair to say that the JEDEC g —
1RPRE g4 ||
standard for DDR3 memory devices does not permit a Do Do

_ DQZ (Last data valid)
large amount of skew between the DQS strobe signal "—’—,,Jr n n+1I

and DQ data signal.

To the contrary, it could fairly be EX1020 (JEDEC DDR3 standard) at 59

characterized as requiring a very tight tolerance
between the DQS strobe signal and the DQ data signal,

correct?
THE WITNESS: Yes, it requires a very o
I N

tight tolerance.

EX1074 at 137:13-22, 139:13-24 (objections omitted)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 9 61
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Both experts agreed DQS strobe signals are “essential” for
proper transmission of DQ data signals

Q. And you said that a person -- I'm sorry. You 0. 2nd the phrase that Professcr Jacchk uses
said that a person skilled in the art would understand in that passage is that a dual—edged signaling scheme
that a strobe signal is part of the data path. Why needs an additional mechanism bezond the clock, and
specifically would a strobe signal be part of a data path that additional mechanism for DDR memory devices is

THE WITNESS: Well, because it trawvels -- it the DQs strobe signal; is that fair?
=
travels with the data. It helps to define when the data A. Yes. And I think that's accurate for the
—
is walid. It is -- it is specific to a particular data JEDEC DDR devices
element, and, therefore, is not a CLK, as at least I
/ Q. In section 4.14.2.2, on page 68 of

define a CLK. Exhibit 1020, the JEDEC standard for DDR3 memory

Q. Right. But befere the double data rate devices warns that if the data to strobe timing
]

architecture, strobe signals were not used to send data. requirements are violated for any of the strobe edges
|

assoclated with a write command, then the wrong data

Is that fair to say?
might be written to memory, correct?

B. That's my understanding. They were introduced
THE WITNESS: Yes, that's a reasonable
—
with double data rate RAMs in order to provide the speeds characterization of what it says in that
necessary to allow them to operate. As I said, they -- passage.
they're essential to allow the data to transfer, and they EX1074 at 99:19-25; 141:11-141:21 (objections omitted)

are asscciated with indiwvidual data lines, soc you can't

operate a double data rate RAM without them.

EX2012 at 51:22-52:7; 55:2-10 (objections omitted)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 9 62
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The '035 (left) and ‘506 (right) Patents, in the ‘608 Patent family, also
confirm the “data path” includes strobe signals

(12)

United States Patent

Lee et al.

US 9,824,035 B2
*Nov. 21, 2017

(10) Patent No.:
(45) Date of Patent;

(54)

)
(72)

MEMORY MODULE WITH
TIMING-CONTROLLED DATA PATHS IN
DISTRIBUTED DATA BUFFERS

3/0659 (2013.01); GO6F 3/0683 (2013.01);
GO6F 13/1642 (2013.01); GI1IC 8/18
(2013.01)
(58) Field of Classification Search
None
See application file for complete search history.

Applicant: Netlist, Inc., Irvine, CA (US)

Inventors: Hyun Lee, Ledera Ranch, CA (US);

Jayesh R. Bhakta, Cerritos, CA (US)

(56) References Cited

az United States Patent (10) Patent No.:

US 10,860,506 B2

Lee et al. 45y Date of Patent: *Dec. 8§, 2020
(54) MEMORY MODULE WITH (56) References Cited
TIMING-CONTROLLED DATA BUFFERING
U.S. PATENT DOCUMENTS
(71) Applicant: Netlist, Inc., Irvine, CA (US) 4368515 A 11983 Niclsen
(72) Inventors: Hyun Lee, Ladera Ranch, CA (US); 4392,212 A 71983 Miyasaka ot al.

Jayesh R. Bhakta, Cerritos, CA (US) (Continued)

data and strobe signals on the data paths

EX1046 ('506 patent)

Claim [1,] in ‘035 patent, EX1031, 19:44

34.  For the isolation devices 118 to properly time such transmissions, the
bufter circuits 118 include a command processing circuit 640 that provides decoded

and/or processed module control signals to routing circuits. /d., 12:14-19. Buffer

=10000

—e=10000

FIG.1

circuits 118 also include a delay control circuit 650 that is configured to delay a

strobe signal through the data path, in response to the module control signals, by a

predetermined amount determined based on signals received by the buffer circuit
during one or more previous memory operations. See id., cl. 1 (19:45:49, 19:53-55),

10:11-21, 11:8-13, 12:30-37, 15:23-26, 16:10-12.

EX1076 (Patent Owner's expert declaration for the ‘506 IPR) at 134

BAKER BOTTS
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The claims and specification distinguish the “data path” (through the buffer) from the
outside the buffer, and just require a broad “correspond[ence]” between them, consistent with
the understanding that strobe and data signals travel together in the “data path”

"wherein each respective buffer circuit of
the plurality of buffer circuits is mounted
on the module board, coupled between a

respective set of dataistrobe siinal lines
and )

and configured to receive the module
control signals and the module clock
signal, the each respective buffer circuit
including dcorresponding to
each data signal line in the respective set
of data/strobe signal lines, ..."

EX1001 at 19:36-45 (Claim [1.e])

BAKER BOTTS

Data (byte wise)

FIG. 2C

“[E)ach buffer circuit
associated with a
respective group of

is in the

data paths between the
respective group of
and the

memory controller.”
EX1001, 3:57-:60.

DB Command & CK

“[T]he memory bus includes...system

EX1001, 4:23-:25.
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The claims and specification are consistent with the dictionary

definition for “path”:

Go gle path definition X $ & Q
Al Images Shopping Videos Forums i More Tools
path H COVerview) Similar and opposite words Usage examples Pronunciation
Dictionary
Definitions from Qxford Languages + Leamn more
() path path
J TpaTH
noun: path; plural noun: paths
away or track laid down fer walking or made by gontinual freading.
"the path continues alongside the river for half a mile"
Similar: ~ footpath pathway track jogging track trail trackway ride v

=+ 1the course or direction in which a person or thlng ist rnov ng
"Tﬁ & TSSITE TRCEa d ey pamiin the 3Ky~

," Similar  route  way  course  approach 0ad d eciane. ~.. bearing | line v
Y« 2 course of action or conduct BN /
the course or direction 77 -

in which a person or
thing is moving

pasth

DUTCH
pad path

GERMAN
Pfad

Old English paeth, of West Germanic origin; related to Dutch pad, German Pfad, of unknown ultimate

“[Elach buffer circuit
associated with a
respective group of

is in the
data paths between the
respective group of

and the
memory controller.”
EX1001, 3:57-.60,

DB Command & CK

origin, Samsung Ex. 1087, p. 1

BAKER BOTTS

Data {byte wise)

FIG. 2C

“[T]he memory bus includes...system

EX1001, 4:23-:25.
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Claim 10 confirms a “data path” can include a “strobe signal,” consistent with the understanding
that strobe and data signals for read/write “memory operation[s]” travel together in the “data path”

1. ... a plurality of buffer circuits corresponding to
respective sets of the plurality of sets of data/strobe
signal lines, wherein each respective buffer circuit of the
plurality of buffer circuits is mounted on the module
board, coupled between a respective set of data/strobe
signal lines and a respective set of memory devices, and
configured to receive the module control signals and
the module clock signal, the each respective buffer
circuit including a data path corresponding to each data
signal line in the respective set of data/strobe signal
lines ...

2. The memory module of claim 1 ... wherein the signal
through the data path is a signal associated with the
second memory operation.

respective buffer circuit includes a first data path for
transmitting_a strobe signal associated with the second
memory operation and a second data path for
transmitting a first data signal associated with the
second memory operation ...

10. The memory module of claim 9, wherein the each/

z DB Command & CK

ata (byte wise)

EX1001, 4:23-:25.
FIG. 2C

EX1001

BAKER BOTTS
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The [first/second] [read/write] paths for data and strobe signals are subparts of
the broader “data path”

FIG. 15 illustrates a DQS routing circuit 620 according to
an embodiment. As shown, the DQS routing circuit 620
includes a first DQS pin 1501 that is coupled to a corre-
sponding DQS signal line 324, a second DQS pin 1502A that
is coupled (o a corresponding module DQS line YAy, 56, a
third DQS pin 15028 that is coupled to a corresponding
module DQS line YBDQS. The DQS routing circuit 620
further includes a first write strobe path coupled between the
first DQS pin 1501 and the second DQS pin 1502A and a
second write strobe path coupled between the first DQS pin
1501 and the third DQS pin 1502B. The first wrile strabe
path includes a write strobe buffer 1510 that buffers a write
strobe, a write strobe receiver 1520 that samples the write
strobe according to the buffered module signal CK0. The
sampled write strobe is provided to the DQ routing circuits
320 as the write strobe WDQS. The first write strobe path
further includes a first write strobe transmitter 1530A that
transmits the write strobe to one or more memory devices
112 coupled to the module strobe line YA, ,q. The second
write strobe path includes the write strobe buffer 1510, the
write strobe receiver 1520, and a second write strobe trans-
mitter 15308 that transmits the write strobe to one or more
memory devices 112 coupled to the module strobe line
YBpgs. The first and second write strobe transmitters,
1530A and 15308, are controlled by two enable signals,
ENA and ENB, respectively, such that the first write strobe
path and the second write strobe path can be selectively
enabled/disabled by the enable signals, ENA and ENB.

FIG. 16 illustrates a DQ routing circuit 320 according to
an embodiment. As shown, the DQ routing circuit 320
ineludes a first DQ pin 1601 that is coupled to a correspond-
ing DQ signal line 130, a second DQ pin 1602A that is
coupled to a corresponding module DQ line YA, a third
DQ pin 1602B that is coupled to a corresponding module
DQ line YB . The DQ routing circuit 320 further includes
a first write data path coupled between the first DQ pin 1601
and the second DQ pin 1602A and a second write data path
coupled between the first DQ pin 1601 and the third DQ pin
1602B. The first write data path includes a write data buffer
1610, a write data receiver 1620 that samples write data
according to the write strobe WDQS from the DQS routing
circuit 620, and a first write data transmitter 1630A that
transmits the write data to one or more memory devices 112
coupled to the module data line YAy, ;. The second write
data path includes the write data buffer 1610, the write data
receiver 1620, and a second write data transmitter 16308
that transmits the write data to one or more memory devices
112 coupled to the module data line YB,,,. The first and
second write data transmitters, 1530A and 15308, are con-
trolled by two enable signals, ENA and ENB, respectively.
Thus, the first write data path and the second write data path
can be selectively enabled/disabled by the enable signals,
ENA and ENB.

“[Elach buffer circuit
associated with a
respective group of

data paths between the
respective group of

memory controller.”
EX1001, 3:57-:60.

DB Command & CK

“[T]he memory bus includes...system
Data (byte wise) ”

1001, 4:23-:25.
FIG. 2C
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EX1001 at 16:47-17:7
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respective buffer circuit including a data path corresponding to each data
signal line in the respective set of data/strobe signal lines ...

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

EX1001 at 19:36-45
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The “data path” is not limited to just Figure 16 (top)

Write direction — ‘608 Patent (EX1001) Figures 16 & 15

Thus, the specification makes clear that strobe signal lines form a strobe path

and data signal lines form a data path. as is alsofeflect in the claim language. As

such, each recited “data path” corresponds tof@ data signal line carrying data signals,
not to a strobe signal lines carrying strobe signals. EX2013, 4970-78. Thus, any
reliance by the Petitioner on a “‘data path” comprising segments of Hiraishi’s strobe

signal line(s) fails as a matter of fact.

Paper 20 (POR) at 23-24

i

[A]lthough the specification often
describes very specific embodiments
of the invention, we have repeatedly
warned against confining the claims
to those embodiments.”

Weber, Inc. v. Provisur Techs., Inc.,
492 F.4th 1059, 1070 (Fed. Cir. 2024)

BAKER BOTTS

—+{] |70
a1z } 1680 ' v

1610 1620

1660 150

P

1630A 1602A

“[first/second]
write data path”

wDAQSs RDQS

CKO OS5

ENA/ENB

ENB ENA

“[first/second] RDQS woas
write strobe path”

324

|
Das é/ |
IPA S _“\1580
I
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ENB ENA
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Butt also teaches the “data path” (114) includes both DQ data signals and
the corresponding DQS strobe signal

to the right of the physical data 114 means
that each of the data paths 114 receives 8 DQ data

signals and 1 corresponding DQS data strobe signal;

is that fair?
So I'm referring to sort of the slash 8
on the line going into the physical data path of 14
for the DQ line,\and then the DQS line does not have
the slash 8.
A.

Yeah, understood. I was just trying to

verify that. Yes, that appears to be accurate.
There are eight DQ lines going into the PHY DP, the
PHY DP, and what I think is an indication of one DQS

line going in.

g

PDQS_OUT _UN

DQS_INTN_UN

1233

A

125a
DR_NDQ_OUT[7:4] [7:4]

Q. And then looking back at Figure 2 of the 4@ r__.]EQ.a_\. ________________________ 5 [0017] Referring to FIG. 2, a more detailed block diagram
s ! 121a of the circuit 104 is shown illustrating example read data

Butt ref ked Exhibit 1029 I A : . . . . :
uth reterehce matked as Bxuibi ! <=i=28.P0Q OUT[7:4] Q D [2:4] DQ (READ DATA) logic and signal paths in which a preferred embodiment of

BASE_DELAY_UN

OFFSET_P_UN

EE?DQSAW
GATEON_UN

Q Dle—"s . DQ(READDATA)
£ I

BASE_DELAY_UN

OFFSET_N_UN

the present invention may be implemented. In one example,
the circuit 104 may comprise a number of asynchronous
(ASYNC) first-in first-out (FIFO) buffers 112, FIFO syn-
chronization logic 113, a number of physical read dataEaths

iDPs! 114, a master delay (MDELAY) logic , d contro
ogic and a programmable gating signal generator 118.

Each of the physical read datapaths 114 may be configured
1o receive (i) a respective portion of the read data signals

o he o
Siﬁﬁl or SiEEEIS DE ES associated with the respective portion
of the received read data signals and (iii) a gating signal
(e.g.. GATEON) from the programmable gating signal gen-
erator 118. Each of the physical read datapaths 114 may
communicate with a corresponding one of the asynchronous
FIFOs 112 via a number of signals (e.g.. DR_PDQ_OUT,
DR_NDQ_OUT, PDQS_OUT, and NDQS_OUT). In one
example, separate signals (e.g., PDQS_OUT_UN, NDQ-
S_OUT_UN., PDQS_OUT_LN, and NDQS_OUT_LN) may
be generated for each nibble of the DPs 114. In one example,
the asynchronous FIFOs 112 may be configured to interface

the physical read datapaths 114 with the memory controller
102.

EX1074 at 180:25-181:14

BAKER BOTTS

EX1029 at Fig. 3A (annotated)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

EX1029 at 1[0017]

Paper 1 (Pet.) at 36; Paper 23 (Reply) at 10-11 69
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Butt renders obvious a “delay circuit” (e.g., Async FIFO 112) in the “data path”
(including both DQ data and DQS strobe signals)

102~ 104, 108
108
0. In Figure 2 of the Butt reference, and DUHPHY‘,.ﬂa IDBUFFEHS
., ) ] oR_poo_out [
it's also discussed in paragraphs 18 and 19, each of CLK_1X ) DR NOQ OUT fm=mm=- =
BB outputs DQ data via the signals CLKC_2X BEE L, . - 0P ) E || N
NDOS_OUT ! .
el = T I
DR PDQ out and DR NDQ out, and also outputs the 1127 14 [ !
- i, - - —— DR_PDG_OUT
= - _PDG_
corresponding data strobe via the signals PDQS out, T OR_NDQ_CUT B4
— g aSFIFD"‘c - POOS_OUT 8
and NDQS out; is that fair? o e T 5
2 | mc_xa MEM_SEL - = fm—mm—m @
A. Yes, I see that. g ""‘2"5 : . ! | Bas 5
) = 12} . 174-3 ! Cone |
Q. In Figure 2 of the Butt reference, the m PLR_POQ Y DR_PDG_OUT | !
and Y DR_NDQ_OUT ! |
data iz strobe signals, after they come out of data e FILA.NDQ ASYNG ~or B | | 77T
FI_R_VALID FIFO L. ... FDOS DU
path 114, go to the EEJHCHEGHOUSEENEONINS os shown in o-|-toos our
. . . . L BASE_DELAY
Figure 2 and discussed in paragraphs 17 and 18; is clk_1x |  [MasTER | (T0 EACHDP) Gggﬂ%go
P }
that fair? 18 MDELAY DOS_INTN
_Lock  (FAOM EAGH LK X
A. When those signals emerge from element MC_CMD controL |— ::;E o gggdm" o
114, they go to EIEWERENIZ, which is labeled ASYNC, " 18
A-5-Y-N-C, short for asynchronous, EIEO. FIG 2
0. And in particular, as explained by
[0018] 1In general, the signals DQ and DQS may be
paragraph 19 of the Butt reference marked as presented to the DDR PHY 104 on a number of buses. The
signals DQ and DQS may be broken out to multiple instan-
Exhibit 1023%, the read data DR _PDQO out and DR NDQ cut tiations of DP hardmacros. The DPs may be configured via
internal settings to delay the read data strobe signals DQS
are written to _ in response to the based on one or more control signals (or values) from the
. MDELAY circuit 116. may be config-
strobe signals PDQS out and NDQS out, correct? ured 1o present the DQ data to & respective
via the signals DR_PDQ_t an
A. Yes. . OUT, after the data is sampled using the delayed
read data strobe signals DQS.
EX1074 at 181:19-182:14 EX1029 at 1[0018]
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 33-41; Paper 23 (Reply) at 16 70
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Hiraishi similarly discloses “data lines” (LO, L1, and L2) that include
both DQ data signals and the corresponding DQS strobe signal

CNTRL-Post
40 L5 200 _#0 0w R

—

[COMMANO/ADDRESS (1 MEMORY MEMORY MEMORY MEMORY MEMORY [|[] ==--*
L, CHIP CHIP CHIP CHIP CHIP

[ | _‘> S—Post
> <“i L2

DATA DATA DATA
—| REGISTER |—— REGISTER REGISTER
| BUFFER [— BUFFER BUFFER

|
300

DATA DATA
REGISTER REGISTER|  *==="
BUFFER |- BUFFER

L1

0. And the data line LO transfers both data DDU‘\'BO

signals DQ-Pre, and the corresponding strobe signals I I “~—120

M, correct? [0103] Asshownin FIG. 7, in the present embodiment, the

A. Yes, that is how Figure 7 is labeled. data register buffer 300 intervenes between the data connec-
tors. 120 and the memory chips 200. The data connectors 120
0. Each of data lines L1 and L2 transfer and the data register buffer 300 are connected to cach other
with the data line L0, and the data register buffer 300 and the
memory chips 200 are connected to each other with the data
signals DQS-Post, correct? line L1 or L.2. In F1G. 7, a plurality of data transferred through
, the data line .0 is represented by data DQ-Pre. and a plurality
2. ¥es, that's accurate. of data transierred through the data lines L1 and L2 is repre-

EX1074 at 225:18-21; 226:1-4 sented hy data DQ-Post. Similatly, a data strobe signal trans-
ferred through the data line L0 is represented by a data strobe
signal DQS-Pre, and a data strobe signal transferred through
e data line LT or L2 is represented by a data strobe signal
DQS-Post. _

both data signals DQ-Post and corresponding strobe

EX1005 at [0103] & Fig. 7

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 32-34; Paper 23 (Reply) at 11-12 7
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HIRAISHI'S DATA BUFFER DOES NOT SIMPLY ADD
ONE CLOCK CYCLE OF DELAY, OR ALWAYS OUTPUT
DATA AT THE NEXT CLOCK CYCLE (e.g., T6)

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 72
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Hiraishi's data buffer determines a variable amount of delay to address different vertical
“flight time” delays caused by the different lengths of data/strobe lines

Q. And so the flight time delay in the

vertical direction will be different depending on

whether that memory chip is in the top row, which is
further away and is connected with the longer data
line L1, versus whether that memory chip is in the
bottom row and is closer to the data buffer and is

connected with the shorter data line L2; is that

fair?

Yes, I think that's fair.

EX1074 at 217:2-10

And then if we turn back to Figure 1 of

the Hiraishi reference marked as Exhibit 1005, the

~

flight time delay in the vertical direction will be

greater for the data line L1 connected to memory

chips at the top as compared to the flight time delay+

for the data on data line L2 that's connected to the

memory chips in the bottom row; is that fair?
A. Yes, the length of the wires for L1 is
I

greater than the length of the wires for L2, so the

100
————— S — RI 2000 o 110 20032
r l ‘f| '\ 200~1 w0, (20033 1
: | e AT T ‘I_II_IIJ_I
|l e o
£ i e A "!’I!!JJ.!L' ".JL'J l'
! i ' e
x T '
| ! /
| (
: FIG.1
I
I

0.

Hiraishi reference marked as Exhibit 1005,

So at a high level,

in Figure 1 of the

we have
I

delay should be greater.

EX1074 at 223:20-224:4

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

flight time delays in the vertical direction for the
I

data and strobe signals, and then we also have other

flight time or you could call it fly-by delays in the
horizontal direction for the control address and

clock signals;| is that fair?

A. Yes, I believe that's fair.

EX1074 at 211:15-22

Paper 23 (Reply) at 20-21 73
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Hiraishi’'s “delay circuit” (e.g., FIFO (Read)) provides a variable delay for read data that
depends on the amount of the vertical “Flight Time” delay

CK DRC  DRF

I, (U] |SSness) G —————

bl
T mooereasteR | DATAREGISTER 1990
1 WRITE LEVELING CIRCUIT ] |

DLL CIRCUIT
= T

3 I

§ LOLKR LCLKWI_

i UTB

i F‘ STROBE

i ma | log-| GENERATING

[ F- CIRCUIT

z

7 a76

301

lrro m
CRCUT |-

i
i
i
1
i ,l 302 =

sasinaq Liowa

Delay for L1/ : FIG.5 T5

T6 S T5.7
|

L1 Vertical Flight-time Delay (0.7)

1
|
I Delay for L2 15.3

L2 Vertical Flight-time
Delay (0.3)

1 clock cycle
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 48-49; Paper 23 (Reply) at 25-29 74
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When the vertical “Flight Time” is 0.3 clock cycles , then Hiraishi's
data buffer delays (i.e., “re-time[s]”) Read data signals by 0.7 clock cycles and outputs them at T6

FIG.7
L5
T5.3
Flight Time
Clock—Post
ORC N
i FROM MENORY CHP 2000 TODATAREGISTERBUFFER 0] | |
| 1 4
i I: A __J-__{___:
) | TO ;
[ [ i\
: L4 DQ-Pre -+ DQS— Pre
|
]
9 [15.3

(flight time
delay of 0.3 CLK)

T6

Buffer Re-Timing —. €

[0130]  Thereafter. e dataregisterbulfer 300Tperformsa | 0.7 FIG.15
¥EHMIAg in synchronization with the intemal clock LCLKR | CLK

FIG 1 (buffer re-timing ' s : :
. delay of 0.7 cLi) - fiusing the FIFO (Read) circuit 302 to convert CL. into CL=6,
and outputs the read data DQ and the data strobe signal DQS. Samsung Ex. 1082, p. 2
EX1005 at 1[0130] EX1082 at 2
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 25-27 75
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Hiraishi’'s “delay circuit” (e.g., FIFO (Write)) provides a variable delay for write data that
depends on the amount of the vertical “Flight Time"” delay

BAKER BOTTS

CK

DRC  DRF
_____ J' i e

]

'

]

1 310"{ DLLCRCUT [«—{ Waretevemacieur_|
: — —k

i 9

+-300

K 321~— i
1 WODE REGISTER DATAREGISTER |1 490
CONTRCL CIRCUIT F i

Delay for L1! “
13.75 | |
1

1
\
1

—+ 3'22 mv__] 7‘4.323
i LCLKR LCLKW[_ 80 'msi 3
| 008} L.
I ]
: B | 351
o — CENERATHG e |
lﬁm# - “toas! 2
350 1 .}j> 376 = 3!52
I ]
e 301 |
| o Ipa; '
T D e i e
1.DQ f5 -
| FIFO CIRCUIT SELECTOR! i
3405 | IFO (READ) CIRCUI }._{ mi L)z
| 1' ; a2

sasinaq Aiowa

L1 Vertical Flight-time Delay (0.7)

T4.45

Delay for L2

L2 Vertical Flight
time Delay (0.3)

1 clock cycle
DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

T4.75 (write data centered at T5)
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When the vertical “Flight Time" is 0.3 clock cycles , then Hiraishi’s data
buffer delays (i.e., “re-time[s]”) Write data signals by 0.7 clock cycles and outputs them at T4.45

MEMORY CHIP T4.75

: —D-l— Flight Time - Qutput earlier by Flight Time 0.3 CLK
LS 200 o S I N I I T T T —
i = T\ T - il 1) ¢ data register buffer oads the received write
Clock—Post z S sl i S o Y (0 W PP iy e R data DQ in the FIFO (Write) circuit 301 with a data strobe
MEMORY p & QD& D 8 () 8 (0 8 (0 B (D & D 8 &2 8 ¢ signal DQS that is delayed by a predetermined phase amount
FIG.7 : H . : N for example, phase difference of about 90 degrees). The-
ADD/ CMD~Post CHIP DQS(N) 1 ”D:[—_E in synchroniza-
=an 1 ! 1 I 1 1 tion wi e 1nternal cloc] using the FIFO (Write)
Clock—Post v . y . . ; ; circuit 301 to convert WL into WL=5, and outputs /i
B GS UR GE 48 OGP @ & =3 puts the write
DQ-Po LY S LDQS- 0QUN) 2W ACACOCICCOCOCEIAZZ | 4110 DQ and (e AT STrOBETIETaTTION. As described bove,
the write data is transferred from the data register buffer 300
TO
. L2 to the memory chip 200 using either one of the two data lines
DRC 3 DATA REGISTER BUFFER gl 'and [élzknlf data line to be used is determined by a
DATA —— - - : ! ) ' x esignated Rank.
o — REGISTER Tog M T2 T3 ) ) '___ EX1005 at 1[0135]
I
H 2 - . i Z
3 = -
I ! R 5 ! [ ! ) ¢ !
LB L4 pg-pre.  DRS-Pre e 4|
4 ! - P = S
[*
| ' T4.75 =4nCK ! ] | : { )
| ,ﬁ_ (flight time delay of 0.3 CLK) DQ(IN) T : _1_ 1
- - (write data centered at T5) DAS(OUT) T\ L -‘ 3 -
-2 T4.45 - T T
TO \ (buffer re-timing ———— o
(write delay of 0.7 CLK) bQ(ouT) GADRAC A A A AL
command) | {F=3== Buffer — Re-Timing 0.7 CLK
FIG.1 ]T3.75 T3.75 T4.45
(write data centered at T4) FIG.12 i 2 Samsung Ex. 1083, p. 2
EX1083 at 2
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 29-31 77
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TO (and thus T6) is different for each data buffer due to horizontal delays

R i Vertical delay (after TS at the given memory chip,
Horizontal delay (before T0 at a given memory corresponding to CAS latency of 5 clock cycles)
chip and T0 at a given data register buffer) for for the DQ data signal and DQS strobe signal to
READ command to_travel horizontally from the travel vertically (e.g., for 0.3 or 0.7 clock cycles)
TO TO TO module control_ler (in the center of th_e module) to from the memory chip down to the data register
Pacifi (Eastern I (G nwich the memory chip and to the data register buffer buffer, resulting in “Time A” (e.g., 5.3 clock
(Pacific " H ree \{VIC % cycles for shorter vertical data line L2, or 5.7
Time) Time) Mean Time) 1}0 200-32 [commanoroore GISTER BUFFER] clock cycles for longer vertical data line L1)
) ), K

LT T T8

CK(IN)
CMD(N)

| ] 0as(oun)
3 o, 2 0 3, W, ol g ' ‘ patou”)
b e g g o g gy gt g e ik pruipripmiyk  iyely Aot -
il

""" I

“"ﬁ: :'ﬁ ------- r """" ""F—-'L—.(ﬂ-&"--t ---------- r----{"‘l'” e - -
310 3oo-1 3002 110gy L4 130/ 120 nob 200-34 | 200-35 0 T

|

1

|

A4

S | G
| FROM MEMORY CHIP 200-0 TO DATA REGISTER BUFFER 300-0
] DQS o
| _DQ
* FROM MEMORY CHIP 200-19 TO DATA REGISTER BUFFER 3004

X

0Q
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CAS Latency (CL) is measured from the time the memory device receives the command,
which is TO

CAS write
I

A. Thank you. Yes, I see that now. And,
latency to five clock cycles, correct?

yes, additive latency is programmed at zerc and CAS
— A. Yes, I see that.

latency is programmed with a wvalue of five. , ,
——— Q. So in this example, there's a delay of

five clock cycles from the time the DDR3 memory

there is a delay of five
device receives the write command until the DDR3

clock cycles from the time a DDR3 memory device

memory jJdevice receives the first piece of data on the

receives the read command until the time that the DO da line, and in this example, that first piece

DDR3 memory device outputs the first piece of data on of DOYf data is center aligned with the DQS data strobe

the DD data line; is that fair? signfl, correct?

Yes. A. Yes.

EX1074 at 115:11-116:2 EX1074 at 117:17-118:2

JEDEC DDR3 SDRAM STANDARD JEDEC DDR3 SDRAM STANDARD

\ T s
ke ¥ - - --- --- = o= -

®E -
«

coMMAND3 /)

ADDRESS4
avoresst {_Ean )
DQS, DQS# tWPRE 1 1 I
| ! i
T AT T e e e e re-- re-- re-- r---
o2 XD G P G &) & 05 base /7N G GRS G G
CL=5 L
— 5 Y
RL-AL+CL ooz I S @G
NOTE: 1 BL8, WL=5;AL=0,CWL=5
NOTES: 1.BL8,RL=5,AL=0, CL=5. 2. Dmn =datadin from column n
3. NOP commands are shown for ease of illustration; other commands may be valid at these times. [7] wransmioning pata 7] bon'T care
4.

2.Dout n = data-out from column n.
BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at T0,

3505 serimg atsvate by oither MROIATLD - 00 o MRGIALLD 01 and 12 - T cting READ cepimand at 0. E romsmounsonn P porer e
Figure 25 — READ Burst Operation RL =5 (AL =0, CL =5, BL8) Figure 46 — WRITE Burst Operation WL = 5 (AL = 0, CWL =5, BL8)
EX1020 at 56 EX1020 at 71
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 25 79
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During S4 read leveling, Hiraishi’'s data buffer measures and stores “time A,”

which includes the different vertical “Flight Time" delays for

Q. And the total time from TO until time,

say, 5.3, is labeled as time A for femoty chip 200°0
S

to data register buffer 300-0, correct?
A. Sure.
Q. And that time A comprises the CAS latency

delay of five cycles, plus the vertical flight time

delay, which looks like is perhaps 0.3 clock cycles
I

for the time A corresponding to EHENMemOLyNchipN200=0

to data register buffer 300-0; is that fair?

A. It looks like that is -- yeah,
I
0. But what is sort of reliable and clear is

that the time A comprises the CAS latency delay of

five clock cycles, plus the fight time delay in the ‘=

vertical direction for the read data as it travels

from the memory chip down to the data register

buffer; is that fair?
A, Yes, that's fair. Starting with when the
—

read command is received at the data buffer, yeah.

Q. And so in the -- in Figure 15 during read

leveling, time A is measured, correct?

A. In essence, yes.
EX1074 at 222:14-223:12, 215:15-17
BAKER BOTTS

37 e b i shaciey
a .
- |

A

L1¢

et uf 1S
H
Pppp——— S (A —— o
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SIGNAL(CUT)

MEMORY CHIP

I8
KN

0es(ouT)

DQ(ouT)

' DATA REGISTER BUFFER l
S

= fL Fight Trme I

[0151] Theread data DQ output from the memory chip 200
reaches the data register buffer 300, by which the data register
buffer 300 can find a time A from an input timing of the read
command Read that is input as a part of the control signal

DRC until the read data DQ is input. The time is measured for
each of stored in the data register
control circut in the data register bufter 300, and used in

an adjustment of an activation timing of the inpu
circuit INB and the like. In FIG. 15, tw are shown
including a first case that the time A the input of the read,
command Read until the input of the read dataPQifsfon
(between the memory chip 200-0 and the'data‘l‘egister buffer
300-0) and a second case that the time A is long (between the
memory chip 200-19 and the data register buffer 300-4).

—4

it T B O I B, O
KON} XXX

et i JE I8 T 8. T T]

CONTROL
SIGNAL

FROM MEMORY CHIP 200-0 TO DATA REGISTER BUFFER 300-0

0QS

D9
FROM MEMORY CHIP 200-19 TQ DATA REGISTER

EX1005, 1[0151]

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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During S4 write leveling, Hiraishi's data buffer measures and stores the
different vertical “Flight Time"” delays for

FIG.14A

| DATA REGISTER BUFFER |

DQS and CK
in sync

CK(IN)

DQS(N)

DQ(ouT)

DQ(OUT) high corresponding to CK(IN)
high on rising edge of DQS(IN)

BAKER BOTTS

FI1G.14B

Timing to output DQS based
on internally displaced CK

DQ(OUT) transitions low corresponding to CK(IN)
transitioning low on rising edge of DQS(IN)

EX1071 at 1

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

using DQS strobe signals

Because

it takes a certain amount of propagation time until the data
strobe siEEal DEES reaches &, input tim-
ings of the clock signal CK and the data strobe signal DQS are
not always the same on side.

EX1005 at 1[0143]

[0145] The write leveling circuit 322 of the data m
buffer 300 changes an output timing of the data strobe signa
rection of the phase shift. In the exumple shown in FIG.
14 A, because the data strobe signal DQS is retarded as com-
pared to a rising edge of the clock signal CK reaching the

memory chip 200. the data register buffer 300 advances the
output timing of the data strobe signal DQS.

EX1005 at 1[0145]

[0146] By repeating the above operation, as shown in FIG.
148, the logical level of the clock signal CK is changed to
“Low level™ at the rising edge of the data strobe signal DQS
on the memory chip 200 side. This leads to an end of the write
leveling operation, and the data lmﬂer 300 can find a

onl c.mpul
clock signal CK

. A result of the write leveling operation is
stored in the data register CONtrol circuit 35% n e data

register buffer 300. Upon completing the write leveling

operation in this manner, the phases of the clock signal CK
and the data strobe signal nput to
are substantially matc with each other.

EX1005 at 1[0146]

Paper 1 (Pet.) at 45-46, 49-50; Paper 23 (Reply) at 21-23
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During write leveling, delays for DQ data signals are determined based on the measured delays for DQS
strobe signals because DQ data signals travel with DQS strobe signals within a “very tight tolerance”

Q. Yes, there's the heading "Data Timing"
and there's the first row. And if you look in the
second column, the symbol is tDQSQ. And the
permissible range -- the maximum range on the entire -
, ) tDQSQ defines the skew between DQS,DQS# to Data
rage for tDQSQ is 200 picoseconds, correct?
THE WITNESS: It says that there is a --
the options configurations listed here, there is tDQSEiI{maI]—b — |
a maximum of 200 picoseconds. |
—_— — — N s o—
DQs, DQ5S# — j,"r E
Q. So it would be fair to say that the JEDEC g —
1RPRE g4 ||
standard for DDR3 memory devices does not permit a Do Do
_ DQZ (Last data valid)
large amount of skew between the DQS strobe signal n ﬂ+TI
and DQ data signal. ‘—”—”Jr

correct?

tight tolerance.

To the contrary, it could fairly be
characterized as requiring a very tight tolerance

between the DQS strobe signal and the DQ data signal,

THE WITNESS: Yes, it requires a very o
I

EX1074 at 137:13-22, 139:13-24 (objections omitted)
DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 45-46, 49-50; Paper 23 (Reply) at 9-12; 21-23

BAKER BOTTS

EX1020 (JEDEC DDR3 standard) at 59
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The stored variable delays are used by Hiraishi's “delay circuit” (e.g., FIFO) to delay
(i.e., “re-time"”) data signals during normal read/write operations

Q. And how is that result used, then, to actually
correct these -- for this fly-by issue? Fliaht’ﬁrm —— 7__79“ 7_7““’: 777777777777777
. T-5 T-4 T-3 T-2 T-1 T T2 T3 T4 T5 T6 T T8 T9 TIO TII TI2 e i 300
; ; o (], | o VD G ) ) U0 2 G ) ) O S A D e e G L U e ) G B A G0 S e ) 9% S T 320
A. So what it does 1is once you have that -- the - ? ¢ i 7 v H v EEmG oRcr | %
CMD(IN) DX XD B XX EROED (2,8 (0 @ (@ 0D @& (5 @ B (0 & 7 rommRa 1323
necessary delay, as I just said -- or you just said and I y {1 SEL i
ks tRCD=5nCK = CL=5nCK ; st '
agreed with, once it stores that -- that value in the -- 0DQ(oUT) ' - - i ?351
T R BUFFER Flight Time >+t Flight Time |
in the control section of the data buffer, it then uses CK(N"I—S T-4 T3 _T:? T-1dmI T T2 T3 T4 TS __1_'6 T7_78 19 TIo TN '_TIQ EL}z
0 1352
that -- it uses that value to tell you how much to delay ROL SIGNAL (I e - " i
DQS(IN) XA ; e
the DQS signal and its associated DQ data in a -- when DQ(”\"E A - o —AT ! | @ 00; |
DQS(oUT) =k mpmmmssE 5 341
you're doing a normal write operation. DQ(OUT) = - Y X XXX - L2
Re—TIMNG i 0oL~
EX2012 at 64:4-12 | — '. w
m—— EX1070at 1 e
FIG.11 FIG.5
[011}0]. Ihereaﬂer, the data reE ster buffer 300 qerforms a TR ) T IRTET LR
re-timing in Synch.ronlza 10N w1 € mternal cloc TS 1-4 T-3 T2 T-1 |70 T7” 13! 1Tp ! TL LTp (1 TI0 T T2 oK DRC  DRF .
Using the IIFO (Read) circuit 302 to convert CL into CL=6, KN L XL LALLM R L L UL L L L L L UL L s o - mEe
. CONTROL CRCUIT 320
and outputs the read data and the data strobe signal DQS. ) T ) I 310 ouLcroun v v crcur_]
WL 1115 CONTIEUIALON, 11 BCCOMEs pOSsIBIC 10I INe Memory DQS(IN) = Mz ‘ ‘-“"mw“““”% A
controller to receive the read data DQ in a correct manner. 0QlN) | I I ‘ugs%i'm
EX1005 at 1[0130] DS(0UT) A VAR 08 g p R ARYS AR vH 1351
S ‘ Lo bl |
[0135] The data register buffer 300 loads the received write bafoum e . ‘:gi, }MQL
. . Lo . 35
data DQ in the FIFO (Write) circuit 301 with a data strobe [Wencrrcne | e . e
signal DQS that is delayed by a predetermined phase amount Y 73 T2 - [DIT ™ 1 Ta'fs T T T8 T3 TIo TH T2 ol 1
(for example, phase difference of about 90 degrees). The data T o o oy i 5 PERIRERESERERIE 10 i
2 B - F Cvo(N) DOEOE XOEDOE DOEDOE = _1.ba 1341
register buffer 300 then Eerforms a re—tlmmﬁ in synchroniza- I O 3 ;
tion with the internal cloc using the FIFO (Write 0Qs(N <1 — e R R R z 00 OLIZ .
circuit 301 to convert WL into WL=5, ans OUIPULS 1he Wrile DQ(N) A PP E——
datal 5?5 and the data strohe signal DOS.
gnal DOS FIG.12 EX1081 at 1

EX1005 at 1[0135]

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 23 &3
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Hiraishi's data buffer does not simply add a fixed delay of one clock cycle, which
would result in a non-integer latency value, contrary to the JEDEC standard

3.42.2 CAS Latency

Q. BY MR. LINDSAY: Yeah, and so in Hiraishi's The CAS Latency is defined by MRO (bits A9-A11) as shown in Figure 9. CAS Latency is the delay, in clock
cycles, between the internal Read command and the availability of the first bit of output data. DDR3
SDRAM does not support any half-clock latencies. The overall Read Latency (RL) is defined as Additive
case, his -- he doesn't disclcse delays greater than one Latency (m For more information on the supported CL and AL

settings based on the operating clock frequency, refer to “Standard Speed Bins” on page 157. For detailed

CLK cycle. So if you delay to one CLK cycle, you'll know Read operation, refer to “READ Operation” on page 56.

EX1020 (JEDEC DDR3 standard) at 24

that he has accounted for all possible delays in his 0. And according to the JEDEC standard for

system? DDR3 memory devices, the permissible CAS latency

] ) values are five clock cycles, six clock cycles, seven
A. Again, I want to make sure we're clear on this. — — —

clock cycles, eight clock cycles, nine clock cycles,
I I

We don't just delay one CLK cycle. We delay whatever or ten clock cycles, or optionally, 11 clock cycles
— —

. . for 1600 DDR3 memory devices; is that correct?
time is necessary --

THE WITNESS: Yes, that is what it

Q. Right. indicates in that table.
A. -- in order that -- in order for it to line up. ] .
Q. Am I correct there's no listing of any
I mean, in fact -- but you're correct that in the half clock cycle latencies or fractional clock cycle

. s 5
examples, he doesn't show anything more than one CLK latencies for additive latency? In other words,

there are only integer values permitted by Table 4

cycle, so -- but my understanding from Hiraishi is that
I

for additive latency?
you delay the length of time necessary for it to line up.

THE WITNESS: That's correct.

EX2012 at 79:15-80:3 EX1074 at 108:17-109:1, 110:22-111:4 (objections omitted)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 24-25 84
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JEDEC does not allow non-integer latency values (e.g., 5.3 or 5.7 clock cycles)

Programmable CAS Latency

JEDEC's programimable CAS latency is used to allow
each systemn vendor to optimize the performance of its
systems. Itis programmed at system initialization, and, ==
according to industry designers, it is never set again
while the machine is running (Lee 2002, Baker 2002,

Jeoee DDR3 SDRAM STANDARD

EX1021 at 342
Table 6 — Command Truth Table

CKE AO-
q Abbrevia BAO- | A13- | A12- | Al0-
Function tion Previous | Current CS# | RAS#| CAS# | WE# BA2 | Al5 | BC# AP ﬂi Notes
Cycle Cycle
Mode Register Set MRS H H L L L L BA OP Code
Bank Activate ACT H H L L H H BA Row Address (RA)
Write (Fixed BL8 or BC4) WR H H L H L L | Ba[RRU] V [ L [caA
| Read (Fixed BLS or BC4) | RD H | B L[ v | L [H|BA[RU[V ]| L [cA] \
No Operation NOP H H L H H H A v v A\ v 10
Device Deselected DES H H H X X X X X X X X 11

NOTE 1 All DDR3 SDRAM commands are defined by states of CS#, RAS#, CAS#, WE# and CKE at the rising edge of
the clock. The MSB of BA, RA and CA are device density and configuration dependant.

2.10 Pinout Description

aclas acle NN | [,, [ 4 | DR

0 0 0 Reserved

0 : o __EI 0 0 0 (AL disabled)
y,l 0 0 6 0 1 CL-1

Fol1]1]o 7 1 ]o CL-2

1 0100 8 1 1 Reserved

| 0 1 0 9

| 1 0 0 10

1 1 1 0 | 11 (Optional for

DDR3-1600)

The CAS Latency is defined by MRO (bits A9-A11) as shown in Figure 9. CAS Latency is the delay, in clock
cycles, between the internal Read command and the availability of the first bit of output data. DDR3
SDRAM does not support any half-clock latencies. The overall Read Latency (RL) is defined as Additive
Latency (AL) + CAS Latency (CL); RL = AL + CL.

Symbol

Type

Function

CK. CK# Input

Clock: CK and CK# are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of CK#.

CS#, (CSO#). (CS1#),

(CS28), (CS3#) | 1Put

Chip Select: All commands are masked when CS# is registered HIGH. CS# provides for external
Rank selection on systems with multiple Ranks. CS# is considered part of the command code.

| RASH CASH# WE# |Input

| Command Inputs: RAS#, CAS# and WE# (along with CS#) define the command being entered.

DQU, DOL, B8,
DQS#, DQSU,
DQSU#, DQSL,
DQSL#

: output with read data, input with write data. Edge-aligned with read data, centered
in write data. For the x16, DQSL corresponds to the data on DQL0-DQL7: DQSU corresponds
to the data on DQUO-DQU?7. The data strobes DQS, DQSL, and DQSU are paired with
differential signals DQS#, DQSL#, and DQSU#, respectively, to provide ditferential pair
signaling to the system during reads and writes. DDR3 SDRAM supports differential data strobe
only and does not support single-ended.

. t- Input/ Output: Bi-directional data bus.

BAKER BOTTS

EX1020 (JEDEC DDR3 standard) at 13, 33-34

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

ke
®

COMMAND3
sooesst 7XCEE) /. Z /
RPRE ] ] ] |_tRPST
s, Ds# - - G G o= G

=5
[
RL=AL+CL

NOTES: 1.BL8,RL=5,AL=0,CL=5.
2.Doutn = data-out from column n.
3. NOP commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.

Figure 25§ — READ Burst Operation RL =5 (AL = 0JCL =5,|BLS)

E TRANSITIONING DATA DON'T CARE

EX1020 (JEDEC DDR3 standard) at 23, 24, 26, 56

Paper 1 (Pet.) at 49, 53, 57-58; Paper 23 (Reply) at 25 n.3 & 29n9 85
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In an example of Hiraishi, where a vertical “Flight Time"” delay is 0.3 clock cycles
, read data signals arrive at the data buffer at T5.3

MEMORY CHIP

ug_%?

Y
Y
1 |
2
-
B
Y

< Fight ime 0.3 CLK

A

FIG.7
L5/ 200
Clock—Post
ADD,/CMD~Post
Clock—Post
DQ—Post
DRC L1
i e
11| T0
| : T5 L4 DQ-Pre
| E T5.3
(flight time
==t delay of 0.3 CLK)
LTI
"FIG.1
BAKER BOTTS

DEMONSTRATIVE EXHIBIT -

FIG.15

Samsung Ex. 1082, p. 1
EX1082 at 1

NOT EVIDENCE

Programmable CAS Latency
ogrammable CAS latency is used to allow

IEDEe?r_f‘
each system vendor to optimize the performance of its
systems. It is programmed at system initialization, and,
according to industry designers, it is never set again
while the machine is running [Lee 2002, Baker 2002,

Kellogg 2002, Macri 2002, Rvan 2002, Rhoden 2002,

Sussman 2002].

EX1021 at 342

Q. And according to the JEDEC standard for

DDR3 memory devices, the permissible CAS latency

THE WITNESS:

indicates in that table.

values are five clock cycles, six clock cycles, seven
' I I
clock cycles, elght clock cycles, nine clock cycles,
or ten clock cycles, or optionally, 11 clock cycles
— —_——
for 1600 DDR3 memory devices; is that correct?

, that is what it
—

EX1074 at 108:17-109:1 (objections omitted)

Paper 23 (Reply) at 25-27

86
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Then, Hiraishi's data buffer delays (i.e., “re-time[s]”) the read data signals
by 0.7 clock cycles, so that those signals are output at T6 (i.e., T5.3 + 0.7)

So for the data that arrived earlier, there is a
Ls 200 ”0 delay, a longer delay, than for the data that arrived
{ — ] S ———
- c'm : t 5 later. 1In the case of the example, it delays it until
I
ADD/CM =
D-Post
Clock-Post 17 and it does that by inserting the necessary
DQ‘POSEfq delays. It does not do it -- it does not delay for a
mc Ll Y A > fixed time period of only -- cof it -- in your
= DATA ¥ P 2000 TO DATA REGISTER BUFF ER 3000 i - i i
H &m ROM_MYCHI 010 hypothetical, it does not delay it until 6£.25 or 6.5.
[} A =
H m | - it delays it the time necessary so that it can output it
] - - — T
I

at 6 in this example.
—

Q. BY MR. CHANDLER: So just to follow up on that,

T5.3

(flight time and following up on my hypothetical, where the memory

== E] ity St 3 L BUffer Re-TImlng o = device at the top row outputs its read data at time TS5,
N [0130] Thereafier. fhe data register bulfer 300 perormsa | 0.7 FIG.15
FIG 1 = Py e — in SyI]Chl‘OIliZ«'}tiOI’] with the internal clock LCLKR CLK that read data arrived at the buffer circuit at time
L delay of 0.7 LK) fl using the FIFO (Read) circuit 302 to convert CL into CL=6, .
and OlltpllIS the readdata DQ andthe(mw Samsung Ex. 1082, p. 2 T5.5. In that hypeothetical, how much delay does the

15.3 EX1082 at 2 buffer circuit add in that examples.

. In that example, it would add an additiecnal .5

CK(N) -
CONTROL SIGNAL(IN) CLK delay for the -- for the upper circuit, and it would
pesiN —mM8M8M8M8M8M8M —F+————— +
DQ(IN) : delay in the case of the lower circuit, which arrived at
pas(ouT) - ) 5 S
: = CL=6nCK = ! H 5 -- at CLK 5.25, it would need to add another .75 CLKs
» e R;-;lg\Lan in order to make them both outbound at time T6.
FIG.11 : EX1070 at 1 EX2012 at 132:16-133:17
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Rep|y) at 25-27 87
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In another example of Hiraishi, where a vertical “Flight Time" delay is 0.7 clock cycles
, read data signals arrive at the data buffer at T5.7

FIG.7

CNTRL-Post
L5

Clock—Post

ADD/ CMD—Post
Clock—Post

TO| DRC

MEMORY CHIP

T5

DATA
REGISTER
| BUFFER

T5.7

(flight time

delay of 0.7 CLK)

< Flight Tme 0.7 CLK

| FROM MEMORY CHIP 200-19 TO DATA REGISTER BUFFER 3004

|

|

BAKER BOTTS

FIG.15

Samsung Ex. 1082, p. 3
EX1082 at 3

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Programmable CAS Latency

programmable CAS latency is used to allow
each system vendor to optimize the performance of its
systems. It is programmed at system initialization, and,
according to industry designers, it is never set again
while the machine is running [Lee 2002, Baker 2002,
Kellogg 2002, Macri 2002, Ryan 2002, Rhoden 2002,

Sussman 2002].

EX1021 at 342

DDR3 memory devices,

values are five clock cycles, six clock cycles, seven
' I I
clock cycles, elght clock cycles, nine clock cycles,
or ten clock cycles, or optionally, 11 clock cycles
— —_——
for 1600 DDR3 memory devices;
THE WITNESS:

indicates in that table.

Q. And according to the JEDEC standard for

the permissible CAS latency

is that correct?

, that is what it
—

EX1074 at 108:17-109:1 (objections omitted)

Paper 23 (Reply) at 27-29

88
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Then, Hiraishi's data buffer delays (i.e., “re-time[s]”) the read data signals
by 0.3 clock cycles, so that those signals are output at T6 (i.e., T5.7 + 0.3)

So for the data that arrived earlier, there is a

delay, a longer delay, than for the data that arrived

FIG.7

later. 1In the case of the example, it delays it until
I I

CNTRL-Post T6 .
/ oo
L5 4 2And it does that by inserting the necessary
Clock=Pi . .
- delays. It does not do it -- it does not delay for a
ADD/CMD'PN fixed time period of only -- of it -- in your
CIOCk-POSt hypothetical, it dees not delay it until 6.25 or 6.5.
it delays it the time necessary so that it can ocutput it
TO at 6 in this example.
—
; —»{ DATA .
H > REG'S v Q. BY MR. CHANDLER: So just to follow up on that,
; —  BUFFE(FROMMEMORY CHIP 200-19 TO DATA REGISTER BUFFER 3004] )
; H ) —— — T A R 3N [_-_x t_ and following up on my hypothetical, where the memory
: N T5 < A
| ¥ device at the top row outputs its read data at time TS5,
‘ 8 g T s VO VY
1 [1s7
| 1 (flight time ey that read data arrived at the buffer circuit at time
L1 T | delay of 0.7 CLK) Buffer Re-Timing <€
- — [0130] Thereafter, TRONAATCESICHBUNCR 300 periomsE | 0-3 CLK FIG.15 Ts.5. In that hypothetical, how much delay does the
T T e G in synchronization with the internal clock LCLKR
L;‘ayeif'?,'é'"c’i'&? using the FIFO (Read) circuit 302 to convert CL into CL=6, buffer circuit add in that examples.
and outputs the read data DQ and the Jata strobe signal DQS. Samsung Ex. 1082, p. 4 A. TIn that example, it would add an additional .5
EX1082 at 4
CLK delay for the -- for the upper circuit, and it would
delay in the case of the lower circuit, which arrived at
5 -- at CLK 5.25, it would need to add another .75 CLKs
in order to make them both outbeound at time T6.
1
EX2012 at 132:16-133:17
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Rep|y) at 27-29 89
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In another example of Hiraishi, where a vertical “Flight Time” delay is 0.3 clock cycles
, the data buffer delays (i.e., “re-time[s]”) write data signals by 0.7 clock cycles until T4.45

[0135] The data register buffer 300 loads the received write
¢ data DQ in the FIFO (Write) circuit 301 with a data strobe
L5 200 ”0 signal DQS that is delayed by a predetermined phase amou-m
for example, phase difference of about 90 degrees). The
Clock—Post m in synchroniza-
a ey tion with the mternal clock L.CL using the FIFO (Write)
FIG 7 1‘ MEMORY circuit 301 to convert WL into WI.-5, and outputs the write
. ADD/CMD~-Post CHIP data DQ and the data strobe signal DQS. As described above,
J the write data is ransferred from the data register buffer 300
Clock—Post } to the memory chip 200 using either one of the two data lines
I.1 and T.2. The data line to be used is determined by a
DQ-Po", —>DQS~ {esi { Rank "
TO a1 designated Ran
- L2
DRC 7
Tite - [ DATAREGITERBUFFER |
i 1‘ [} ] | [l
T e REGISTER i1 IR 10 | 2 3%
i
| ] - —
N ' § ) ! o
i : DQ-Pre 0QS-Pre oo 8 B 8 M )
| o - [ < R
|
: ! e L=4n(K & _:_ | i i
L DS(OUT) e
(buffer re-timing - L - &
TO delay of 0.7 CLK)
(write Yy
ke e DQ(oUT) G 3 1 6 :
(write data centered at T4) Buffer =¥ Re—Timing 0.7 CLK
FIG.12 T3.75 T4.45¢ Samsung Ex. 1083, p. 1

BAKER BOTTS

Programmable CAS Latency

grammable CAS latency is used to allow
vendor to optimize the performance ofits

cording to industry designers, it is never set again
while the machine is running [Lee 2002, Baker 2002,
Kellogg 2002, Macri 2002. Rvan 2002, Rhoden 2002,
Sussman 2002].

EX1021 at 342

Q. And according to the JEDEC standard for

DDR3 memory devices, the permissible CAS latency

values are five clock cycles, six clock cycles, seven
' I I
clock cycles, eight clock cycles, nine clock cycles,
or ten clock cycles, or optionally, 11 clock cycles
I —_——
for 1600 DDR3 memory devices; is that correct?
THE WITNESS: Yes, that is what it
—

indicates in that table.

first piece

of DQ data is center aligned with the DQS data strobe

EX1083 at 1

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

signal, correct?

A. Yes.
—_—

EX1074 at 108:17-109:1, 117:24-118:2 (objections omitted)

Paper 23 (Reply) at 29-31 90
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Next, the write data signals, after the 0.3 clock cycles of vertical “Flight Time”
delay, arrive at the memory chip at T4.75 (center aligned at T5)

475

[0135] The data register buffer 300 loads the received write
data DQ in the FIFO (Write) circuit 301 with a data strobe
signal DQS that is delayed by a predetermined phase amount
or example, phase difference of about 90 degrees). The
in synchroniza-
using the FIFO (Write)
convert WL into WL=5, and outputs the write
data DQ and the data strobe signa S. As described above,
the write data is transferred from the data register buffer 300
to the memory chip 200 using either one of the two data lines
L1 and 2. The data line to be used is determined by a
designated Rank.

, —>-He Flight Time ' Qutput earlier by Flight Time 0.3 CLK
LS ) 200 o T T T2 T3 T4 Ry
Clock—Post %—C‘ e e B S 3
A & D & 4D & (0 &8 O B 5D &
FIG 7 XS MEMORY ’ ’ : X
ADD/CMD-Post| CHIP DQS(N) 7 > } z
Lo T - XN AR P
DQ-PG m | 1 ] ] ]
TO ~L?2
ORC = WLESEEGE B
Ve 1 ' 1 A : : :
s siteic ORE REGISTER Tog M T2 T3 ) ) B
:F i BUFFER o s ek s m | e o T o B
/ ' L4 A A E N 1 ;
! ! : : : i 1
L'\ : N—Pfe DQS- Pfe mm‘) = Al » @ --m ——-
| TS =i | ] 0] 0]
] e a0 oo X0
0QS(OUT) o R AR OB AR AR A v
= T4.45 o
ot ey o o(ouT) CEOEO00C
command) |} i==3== Buffer —> Re—Timing 0.7 CLK
FIG.1 |T3.75 T3.75 T4.45
(write data centered at T4) FIG 12 s " Samsung Ex. 1083, p. 2
EX1083 at 2
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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The Board'’s Institution Decision in the ‘632 IPR (left), which concluded read data is always output at T6, does not
conflict with IPR2022-00236 or Samsung’s arguments here, which involve delaying data through the “data path”

the ‘632 Patent | the ‘608 Patent |

Claim 1 recites wherein the data path correspond-
ing to the each data signal line includes at least one
tristate buffer controlled by the command processing

wheremn the each respective buffer circuit 1s configured to
determine a respective time interval based on signals received by circuit and a delay circuit configured to delay a signal
the each respective buffer circuit during a memory write through the data path by an amount determined by the
operation and 1s further configured to time transmussion of a command processing c€uit 1n response to at least one
respective set of read data signals rg€erved trom the respective of the module contgg signals.
group of memory devices 1 accoflance with the time mnterval EX1001 at 19:49-55 (Claim [1.f])
and a read latency parameter of the memory system during a
memory read operation.

For determining a respective tfie interval, Petitioner relies upon

[Hiraishil'swrite leveling operationgfrformed by write leveling circuit 322 of

EX1014 (IPR2017-00730, '632 ID, Paper 8) at 10

(reciting Claim 1 in 632 patent) data register buffer 300. Ppf7 28-29. This operation, depicted in Figures

14A and 14B of Saito, determines an amount of time by which to shift the

[Hiraishi] does not teach time A _ _ _
output of DQS from data register buffer 300 so that 1t arrives at memory

chip 200 substantially matched with clock signal CK. Ex. 1005 99 140-144.

EX1014 (IPR2017-00730, '632 ID, Paper 8) at 10
(with [Hiraishi] inserted in place of Saito)

vie

being used to adjust timing of data ouiput by data buffer circuit 300 to the

system controller (i.e., to “time transmission of a respective set of read data

signals.”) as recited in the claim.

EX1014 (IPR2017-00730, '632 ID, Paper 8) at 13
(with [Hiraishi] inserted in place of Saito) SN ' . . . .
determme that these disclosures of [Hiraishil are sufficient to teach controlling

the timing of the data and strobe signals on the data paths on which those

signals travel

EX1066 (IPR2022-00236 Final Written Decision) at 36
(with [Hiraishi] inserted in place of Osanai)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 31-32 92
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GROUND 2 O 3

GROUND 2: GROUND 1 + TOKUHIRO

BAKER BOTTS

Samsung Electronics Co., Ltd.
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COMBINATION FOR GROUND 2

BAKER BOTTS

Samsung Electronics Co., Ltd.
Ex. 1059, p. 94

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE




JEDEC’s DDR3 standard adopted a “fly-by topology,” resulting in horizontal fly-by delays for
commands that needed to be corrected with read/write leveling to unskew the data signals

Jebec DDR3 SDRAM

4.8 Write Leveling

For better signal integrity. the DDR3 memory module adopted fly-by topology for the commands.
addresses. control sienals. and clocks.

EX1020, 42

=
[A1]
o
& &
2] Skewed data
43/, ] ~ - signals, requiring
- ~ = — s read/write leveling
EX1085, 7; EX1074, 79:23-80:14, 89:6-90:9
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Consistent with JEDEC, the ‘608 Patent uses DDR3 memory in a “fly-by topology,” resulting in horizontal fly-
by delays for commands that needed to be corrected with read/write leveling to unskew the data signals

BAKER BOTTS

Control/Clock (Horizontal) Flight Time Delays
(slower clock speed)

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Because the isolation devices 118 are distributed across
the memory module 110, during high speed operations, it
may take more than one clock cycle time of the system clock
MCK for the module control signals to travel along the
module control signals lines 230 from the module control
device 116 1o the farthest positioned isolation devices 118,
such as isolation device ID-1 and isolation device ID-(n-1)
in the exemplary configuration shown in FIG. 2. In other
words, a same set of module control signals may reach
different isolation devices 118 at different times across more
than one clock cycle of the system clock. For example, when
the clock frequency of the system clock is higher than 800
MHz, the clock cycle time is less than about 1.2 ns. With a
signal travel speed of about 70 ps per centimeter of signal
line, a module control signal would travel about 15 cm
during one clock cycle. When the clock frequency increases
to 1600 MHz, a module control signal would travel less than
8 cm during one clock cycle. Thus, a module control signal
line can have multiple module control signals on the line at
the same time, i.e., before one module control signal reaches
an end of the signal line. another module control signal
appear on the signal line.

EX1001 (‘608 Patent) at 9:52-10:6

Samsung Ex. 1078, p. 1; EX1074, 66:3-67:18

Paper 23 (Reply) at 38-43
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Consistent with JEDEC, Hiraishi used DDR3 memory in a “fly-by topology,” resulting in horizontal fly-by
delays for commands that needed to be corrected with read/write leveling to unskew the data signals

0°
CNTRL-Post
LS 4
Clock—Post P =
mv .....
V' ADD/CMD-Post| CHIP CHIP
Clock—Post ~
- DQ-Post
e DRC
£ § & DATA .
o ‘
. L3 L4 oo—mT Toqs-m

A00-0

120° 180° 240°
—

Control/Clock (Horizontal) Flight Time Delays

slower clock speed)
EX1079, 1; EX1074, 68:17-69:15
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A POSITA understood that, with faster clock speeds, the horizontal fly-by delays
could be large, skewing the data by more than one clock cycle (e.g., T6.5 to T8)

CNTRL-Post

200 40 # #2 13 #4

arene——— | 1 MEMORY MEMORY MEMORY MEMORY [f{f ==---
CHIP CHIP CHIP CHIP CHIP

11 Dos-—post

TO
(at memory controller)

F T L2
é i DAA 1 ODATA DATA |—| DAA DATA
| 8 REGISTER |—— REGISTER —— REGISTER —— REGISTER REGISTER| ~ ==---
8 BUFFER |—] BUFFER 'BUFFER [—| BUFFER |—| BUFFER
4\ A L4 pg-pre| |pas-rre 360
MEMORY CONTROLLER] L) H Lo EX1005, Fig.7
\ 1
\ ! “—120
T8 T4 T3 T2 TAWTO 4T T2 T T4 T
o {(0 2 ) et 00 Wi D e R ) D o W G D (S G 5 GG Gl OO S
CMD(OUT) 88 (LD 60 €1 @B €10 & (D & XXX XX XK -
CONTROL -
SIGNAL(OUT)
DQS(N) - : =
DQUN) —— : _
DRS(N) ——— 4 asson <
== B H .
DQUN) — : ]
F . In particular, if the fly-by

EX1005, Fig. 17 (edited to show 300-4 with delay separation between the clock signal and the data-strobe
horizontal delay greater than one clock cycle) signal exceeds one clock period. the above-deseribed timing
adjustment process will adjust the phase relationship prop-
erly, but the timing adjustment may be off by a multiple of a
clock period.

EX1024 (Giovannini) at 5:25-31
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Tokuhiro (U.S. Pat. No. 8,020,022) [EX1006]

Tokuhiro solves the problem of large fly-by delays (e.g., greater than one clock cycle) by
determining a first delay time using the write leveling function, and then using that to
delay transmission of data during read operations (e.g., so all read data arrives at T10)

FIG. 11
— s s |
MEMORY CONTROLLER 12 DIMM !
oo I
o . CK1/AddICMD P
¢ oK1 Y
o | DQS-1 (DQS) I ;
E ) SWM'] H 3
55 S DQ-1 [+ (DQ) et/
DO [1HK i Y le ﬁ" _{-LJ. i IH.]‘.) ....... e 1 N
P ort | &
P FF-1b i
| |
! |
j L DQS (DQS) ckiy
] i ' . TR RS D SRS TR "7 |SDRAM-n 0QS I [P
amt DQ-n [k (DQ) N
ooari y— LEg [1. ................. s, L0 S R ——J ;
\ - L =
‘ s DR-n FF-nb - !
J _—

EX1006 (Tokuhiro), Fig. 11 (annotated)
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Tokuhiro recognizes fly-by delays greater than one clock cycle and teaches a solution
of setting “gradually” longer delays, e.g., 180°, 270°, 360° (not 0°), 450° (not 90°)

FIG. 7
MEMORY CONTROLLER [~ 12 DIMM "
T
cm_é/" CK1/Add/CMD ¥
o DQS-1(DQS) SDRAM-1
e G 11 I B
DW-1
23 s Control/Clock (Horizontal) Flight e Delays
E ! Next (faster clock speed)
= command
FIG.7 EX1079 at 2
: N v 5: 0. And then if you turn to the fiext column
S 0SN(DOS) - Jsorawa|| S - Y
: | o L S S Dasni in the Tokuhiro reference marked as Exhfibit 1006 in
.n =
Albtn \column 14, starting around line 55, itfexplains that
the delay times DT1-1 to DT1-N corresponding
The delay on the order of 1 ns will become greater than a respectively to SDRAM-1 to SDRAM-N, fs in Nancy, are
typical data period of the DDR3 memory interface, at mim-
mum 0.625 ns, so that the delay may allect i reading data S e eR,  correct?
from the SDRAM 92. A. Yes, that's correct.
EX1074 at 179:6-12

EX1006 at 3:9-12
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Ground 2: Ground 1 + Tokuhiro — Data Buffers also remove horizontal fly-by delays

Hiraishi alone has horizontal “fly-by delays” Ground 2 combination removes the horizontal fly-by delays
(e.g., read data arriving at T9 to T10) (e.g., all read data arriving at T10)
Tokuhiro
T7 T8 I
N . Y. 3 it L 7
w ) 200 ato f i f o . tﬂ ' 3' 3 - |‘ oo " > T.8
MEMORY MEMORY MEMORY ﬁ ----- = 1 4% L5} -
cHP CHP cHP cAp ‘ H | O~ === v | g ] ||| =y
DRS-Post & T e §
L2 u B D R S
Co=oo=oa IS ( | p— e R
: : ke ol : :
— : § W ™ : no “fly-by delays" :
19 = with “fly-by delays” : T10 ¥ s =ty T10 |2 ho Tly-bydelays T | 110
v ” ik ; et s \ 4
MCH [ | ———— ey
WRITE LEVELING CIRCUIT |—
WRITE LEVELING CIRCUIT +
READ LEVELING CIRCUIT T_J
READ LEVELING CIRCUIT
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Ground 2: Ground 1 + Tokuhiro — Data Buffers also remove horizontal fly-by delays

—Hc"':a'ShL Memory module with data b!"ffle;ls t:atd : Tokuhiro: Details of removing horizontal fly-by
adjust to remove vertical fly-by delays delays and using write data delays for read data
+
Butt: ils of bufferi d adjusti RiG: 5 oo
utt: Details of buffering and adjusting W s U [ VENORY CORTROLLER i W DIMM
Lo DWO 16 s CK1
” CLK . Lr—
_______________ DRP _DRIi_ e FIRST DELAY TIVE | posH l
N e it i
| MODE REGISTER DATA REGISTER 1
! contRaLciour [ 1320 SECOND DELAY d2 :
i -@@] i TINE CONTROL UNI 17417 —-_ =
i I 322 READ LEVELING CIRCUIT 1323 2:: 1_0Qe[]{LCe) -l DQ[1]
i LCLKR LCLKWL SEL BC E L1 'EIQDJL]1 ??ICnt?l : DY ; '
: 310 | 331 | oufp| 4, 1200kl ot I g
! 1 ] ) 002-1]1{0_DQ) o
A || i L :
|_)0 DOSE («-»--‘< GENERATING CIRCUIT .: = e ‘ |
13 ""._“f?" 274 1 R e _.._.,.:.4.
350 : & 376 IDELAY CIRCUIT ] § 17_1,17 s ! N . p I/FF2 )
| 10081 il_0Ce) ) S Y 1 ;,_?Q.’“‘.. —
| e a0 7 < e foerod |
| _2_‘_ (3C-1K . b 30) Hin l
_LOLDQ ‘é\_"l\‘)‘ ! IF&A&’}I?C’% ’ [ 0.0084410.00¢] | SR
D [CIK; Do 00)
340 i e lﬁ_[ FIFO (READJ CIR gf?;ﬁ[@;
| 302 000
FIG.5
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Ground 2: Ground 1 + Tokuhiro — Data Buffers remove horizontal fly-by delays

« Improves efficiency of Hiraishi's module by using write data delays for read data as taught by Tokuhiro

* Removes horizontal fly-by delays on Hiraishi’s module using Tokuhiro’s technique

« Tokuhiro teaches simple solution for horizontal fly-by delays greater than one clock cycle

Tokuhiro
DRC DRF
T i
1 I [
: = cnmocomeon 1320
: : WRITE LEVELING CIRCUIT: I :
i 1 EZ READ LEVELING CIRCUIT |— I323
1
i LCLKR LCLKWL l
i |_STROBE
! oul  CENERATING
i STROBE
i GENERATING

| CRCUT
f :

CIRCUIT

H i rais hi _ ....... (] ™
: | & — D$C DARE. ________________ p LIO DI I; i Y
CK 321~ Y 1 }--300 I TP i

d 274
M wooerecister | ATA 376
310-{ ow cirourr F__fm;;va———m—l CONTROL RO r320 350 ': Dewﬂ;ﬂ
} { 3122 READ LEVELING CIRCUIT :323 E INB 301 ; 372
LCLKR LCLKWL SEL !
__________ TR FFO (RITE) | [
ouTB _].Da | CIRCUIT
i sasfsa%Euel 340 | l—é H FIFO (READJCIRGUIT
CIRCUIT U :
/i i
LH 376 = ! 302
- = S e ey ereree S eSS K|
RO (ARITE)} FIG.5
340! |—<]-——{ FIFO (REAT
FIG.5
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Ground 2: Two ways to set Read delays in Data Buffers based on Write
delays in the Hiraishi+Tokuhiro combination

Power—on

Reset

l
!

- Memory Controller performs write operation;
- Data Buffers measure time between write

Set Mode registers

command and corresponding write data;
—S3 - Module Controller programs additional read
delays in Data Buffers based on measured times

Set Mode registers  ~—S3 Between write and read leveling in S5:

- Memory Controller programs read delays
- Y AW ) = in Data buffers based on write delays
Read/Write Levelin ead/Write Levelin,
st oo |-s4 Data register buffer [—S4
-Memory chip) -Memory chip)
\
oy sonaley. S5 (omoy controler. |~S5
b m ps
-Data r%rgister buffer) -bata register buffer)
FIG.13 FIG.13
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Ground 2: One option is to determine the delay in response to a Write
command from the host’s memory controller

During this operation, @ Wiite command is

claim [1.b] “system command signals for memory operations” transmitted from the memory controller to the module controller

(command/address/control_receiving “system command
Power—on —S1 - which either forwards the write command or sends no-operation
\ commands to the memory devices (“‘module command signals”™).
2
Reset —S2 l Paper 1 (Pet.) at 104
i CNTRL-Post
1 ; S 400 L5 2 #2 #3 #4
Il\;le:nol;y f(:ontroller perf?rms t:m:te opera'ttnon, i = =
1’ - Data Buffers measure time between write MEMORY MEMORY wemorv 1111 -----
command and corresponding write data; CHIP CHIP cHe ||
Set Mode registers  [~S3 - Module Controller programs additional read
delays in Data Buffers based on measured times

J 4 oTeR [ ReQSTER
Read/Write Leveling L 1 BUFFER
(Data register buffer |—S4

-Memory chip)

DATA DATA
REGIS
BUFFER [— BUFFER

11

| B0 ~~130 L0 EX1005, Fig.7
Read/Write Leveling

Memory controller |~S5 120
-Data register buffer)

l’ The

command/address/control—also

each buffer circuit.

FIG.13

Paper 1 (Pet.) at 104-105
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Ground 2: Another option is to determine the delay in response to the
command for (S5) Write Leveling Operations from the host’'s memory controller

In the first implementation, supra pp.92-94, “the first memory operation” is

claim [1.b] "system command signals for memory operations an EESEEREERREBBEEOR and the memory controller issucs COMARGY

Power—on ~S1
9290; EX1020, p.43. Since the S5 write leveling is between the memory controller

and the data buffers, a POSITA would have understood that_

y
Reset ~$2 sends no-operation (NOP) commands (“module command signals”) to the memory
i devices. EX1003, 1290; EX1020/5.33. Paper 1 (Pet.) at 103
s CNTRL-Post
I 400 L5 20 I 7 # #4
3 S Clock—Post J: = J:,..E__J
. P » - [EASAMOAORES MEMORY MEMORY MEMORY MEMORY memory | [{] ----
Set Mode registers  ~S3 Betweenm L o e o = l onr ||
- Memory Con programs re ays —
\ in Data buffers based on write delays
Wi’m#ﬁﬁ‘ ~S4 § § | o 1 owe ] oas
-Memory chip) ggg 7 —{'BFreR || BUFFER |—{ BurkeR |
[
< L3 L4 pq-pre| |oas-pre 300
Rg::anteanavemg _ss | B0 <130 Lo EX1005, Fig.7
- mg‘im buffer) --120
In the first implementation, supra pp.92-94—i “first”
, operation which is performed When_ sends
FIG.13
COnirolSignals o Hiraishi’s data buffers to initiate fhe Write leveling operation,
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GROUND 2 HAS A "DELAY CIRCUIT"
IN THE "DATA PATH,” EVEN UNDER
NETLIST'S CONSTRUCTION

BAKER BOTTS
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Netlist’'s argument that Ground 2 does not teach a “delay circuit” in the “data path”
relies on its erroneous construction where the “data path” excludes DQS strobe signals

Inits contentions for limitation 1[j] Petitioner

adjustments so that signals between the memory chips and the data register

buffer are sent at the appropriate time. Pet. 34 (citing Ex. 10059 110, 146).

We
determine that these disclosures of [Hiraishil are sufficient to teach controlling

the timing of the data and strobe signals on the data paths on which those

signals travel.

For limitation 1[h] we explamed that Petitioner had demonstrated that

each buffer circuit includes data paths for transmitting data and strobe

signals associated with the first memory operation. See § IL.D.3.c:

Pet. 29-31 (citing Ex. 1003 9 105-108; Ex. 1005 9 60, 90, 97. 109A 1
Figs. 1.5, 7). These data paths connect lines LO to lines L1 and L2 through
the circuitry of data regster buffer 300. Pet. 30-31.

Based on Tokubito’s teachings, the 1éad delay circuit DR-1 (purple)
is added to the Strobe Generating Citcuit 37640 delay both the strobe signal DQS

350 and the sienal clocking out data® from1 FIFO (Read) Circuit 302 so that the

delaved data DQ 340 from the Read FIFO is in sync with the delayed strobe 350.”

Id. But the newly added dela}«ment DRI1 is m:”the DQ data path. as required

Paper 20 (POR) at 59
DRC  DRF

________________________________________________________

| MODE REGISTER | DATA REGISTER

WRITE LEVELING CIRCUIT

CONTROL CIRCUIT

301

L3

FIFQ (WRITE H
CRuT [—~—4——+

A\2[€

EX1066 (IPR2022-00236, Paper 34) at 35-36
(with [Hiraishi] inserted in place of Osanai)
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Even under Netlist's construction, Ground 2 discloses a “delay circuit” (e.g.,
Hiraishi’s FIFO or Tokuhiro’s DR elements) in the “data path”

R po 1= Tokuhiro

“The test for obviousness [however] is not whether the features of

a secondary reference may be bodily incorporated into the structure of the

primary reference.” Inre Keller, 642 F.2d 413, 425 (CCPA 1981).

Hiraishi Petitioner is not required to physically incorporate Tokuhiro’s variable delay
o RC  ORF circuits DR1 and DR2 into [Hiraishi].
et
310 { L R l.. —

—  m— » aut

EX1066 (IPR2022-00236, Paper 34) at 39-40
(with [Hiraishi] inserted in place of Osanai)

Q. And would it be fair to say that a person

of ordinary &kill in the art knew how to delay a data

or strobe signal by a predetermined amount?

A. Yes, I think that's fair to say, in

general.

FIG.5

EX1074 at 164:14-18

== Alternatively, delay elements similar to
w - I : “data path” under Netlist's construction

» Tokuhiro’s DR elements can be used instead of (or in addition to) Hiraishi’s FIFO
E : “delay circuit” under Netlist's construction _ —
(FIFO or Tokuhiro’s DR elements)

circuit for delaying the read data. EX1003, 9262.

Paper 1 (Pet.) at 90
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IPR2022-00236 RESOLVED ISSUES
DISPOSITIVE TO GROUND 2
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IPR2022-00236 [EX1066] and -237 relied on equivalent prior art:
Tokuhiro [EX1006] + Osanai [EX2004] (same as Hiraishi [EX1005])

e |PR2022-00236's Tokuhiro reference The Petition relies on the following references:
[EX1006] is the same reference in this Reference Exhibit No.
IPR for Grounds 2-3: US 2010/0312925A1; filed June 3, 2010; published Dec.9, | 1005
2010 (*Osanai”).

US 8,020,022B2; filed Sept. 12, 2008; issued Sept. 13, 2011 | 1006
(T okuhiro™).

US 8,713,379B2; filed Nov. 22, 201 1; issued Apr. 29, 2014 | 1007

(*Takefman™)
EX1066 (IPR2022-00236, Paper 34) at 6
e |PR2022-00236's Osanai reference 1. The Primary Reference (Hiraishi) Is the Same as the Primary
[EX2004] is “the same as Hiraishi Reference (Osanai) the Board Considered in Micron -0237
[EX'] 005, prima ry reference for all Osanai from Micron -0237 not only “is related to Hiraishi,” (Pet.., 113), it 1s

Grounds] in all material respects”:

the same as Hiraishi in all material respects, as Samsung’s counsel admitted during

oral argument i IPR2022-00711 against the related *506 patent (“the *506 IPR”).
POPR at 5

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 1 1M1
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Netlist is estopped by the determination in IPR2022-00236 that a POSITA would have been motivated to
combine Tokuhiro’s DR-1 delay element with Hiraishi's data buffer with a reasonable expectation of success

Having reviewed the evidence n light of the parties” arguments, we

> determine that Petitioner has sufficiently demonstrated that one of ordinary FiG 5

3 i mwaes 1ot 7% || Tokuhiro
skill would have been able to combine [Hiraishiland T okuhiro m the way ] g ==t AL |
proposed by Petitioner and would have been able to overcome any K e 04 e
g b 1 rad (i
differences between the two references. [ 0 el
I . : . b "7: <i V”;:, »7.7“' +3 ..{j—.'. i _.)
.. . . : . . . SHIERE SmT S0 8 w Hiraishi
Petitioner is not required to physically mcorporate Tokuhiro’s variable delay Hee 3 o
il | S .

circuits DR1 and DR2 mto[Hiraishil. Instead. Petitioner proposes to utilize

Tokuhiro’s teaching of determining the delay for read operations based on

the delay calculated durmng a prior write levelng operation. Pet. 3839

(citing Ex. 1003 9 126). Petitioner explamns that [Hiraishilmcludes write

leveling operations and that a person of ordmary skill would have been able

to modify [Hiraishi]'s write leveling to use Tokuhiro’s leveling technique. 7d.

We determme that Petitioner has sufficiently explamed the combmation of

the two references and that one of ordinary skill would have been able to

combine the two even with the differences between the two references.

EX1066 (IPR2022-00236, Paper 34) at 38-40
(with [Hiraishi] inserted in place of Osanai)
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IPR2022-00236 rejected Netlist's position (left), and agreed with Samsung’s position that a
POSITA would have had a reasonable expectation of success combining Tokuhiro and Hiraishi

Netlist's POR, pp. 60, 64

Based on the Proposed Modification
to Hiraishi ...The Added Delay Element
is !

because Tokuhiro's delay
element is not provided with any
control signal which is required for its
algorithm to operate, per Tokuhiro's
express teachings.”

Samsung'’s Petition, p. 82;

Samsung'’s Reply, pp. 33-34

“It would have been obvious to a
POSITA to implement Tokuhiro's delay
functionality in Hiraishi's data register
buffers, and a POSITA would have had
a reasonable expectation of success in
doing so.”

“Hiraishi expressly teaches using the
‘data register buffers’' to remove delays
as part of S4 read/write leveling, ...
which the Board has already
determined had a reasonable
expectation of success with Tokuhiro.”

IPR2022-00236, pp. 38-40 [EX1066]

“IW]e determine that Petitioner has
sufficiently demonstrated that one of
ordinary skill would have been able to
combine [Hiraishi] and Tokuhiro in the
way proposed by Petitioner and would
have been able to overcome any
differences between the two
references.”

ces

The test for obviousness [however] is
not whether the features of a
secondary reference may be bodily
incorporated into the structure of the
primary reference.’ In re Keller, 642
F.2d 413, 425 (CCPA 1981). Petitioner is
not required to physically incorporate
Tokuhiro's variable delay circuits DR1
and DR2 into [Hiraishi]."

i
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IPR2022-00236 rejected Netlist's position (left), and agreed with Samsung’s position that a
POSITA would have been motivated to combine Tokuhiro and Hiraishi for efficiency

Netlist's POR, pp. 80-81

Samsung'’s Petition, p. 73;

IPR2022-00236, p. 41 [EX1066]

“Each of Petitioner’s reasons are
conclusory and unsupported. ...

“As the combination has been

“That these operations are now
spread out over nine different

components (data buffers) .
necessaril

Samsung’s Reply, pp. 37-38

“First motivation: Tokuhiro teaches
calculating read delays based on the
delays for write operations, which is
more efficient than Hiraishi's
technique of performing read leveling
independent of the write delays.”

“Netlist argues that there would be
no motivation to combine Hiraishi
and Tokuhiro in general ... but the
Board has already rejected that
argument.”

“... Petitioner has sufficiently
demonstrated that one of ordinary skill
would have been motivated to combine
[Hiraishi] and Tokuhiro in the way
proposed by Petitioner. Petitioner
provides sufficient support for its
allegation that one of ordinary skill would
have been motivated to combine
[Hiraishi] and Tokuhiro."

“Thus, Tokuhiro's technique reduces the
number of steps because it uses previous
measurements and calculations from
prior write leveling instead of making
additional measurements and
calculations to determine the delay for
read operations.”

BAKER BOTTS
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IPR2022-00236 rejected Netlist's position (left), and agreed with Samsung’s position that a
POSITA would have been motivated to combine Tokuhiro and Hiraishi on the module

Samsung'’s Petition, p. 79;
Samsung’s Reply, pp. 37-38

Netlist's POR, pp. 80-81

IPR2022-00236, p. 39 [EX1066]

“Each of Petitioner's reasons are “Second motivation: Tokuhiro “Petitioner explains that Tokuhiro's

conclusory and unsupported. ... provides simple techniques for leveling techniques would achieve the
removing fly-by delays, while Hiraishi | benefits of ensuring proper timing of
does not disclose how its memory signals even when Tokuhiro's technique is

controller re-times read data received | used for an off module controller”
with fly-by delays”

“Netlist argues that there would be
no motivation to combine Hiraishi
and Tokuhiro in general ... but the

POSA would recognize that Board has already rejected that
argument.”
(not using different mechanisms for
write and read).”
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A POSITA WOULD HAVE BEEN ABLE TO
COMBINE GROUND 1 WITH TOKUHIRO

BAKER BOTTS
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A POSITA would have been motivated to combine Tokuhiro’s DR-1 delay element with
Hiraishi's data buffer with a reasonable expectation of success

Having reviewed the evidence n light of the parties” arguments, we

> determine that Petitioner has sufficiently demonstrated that one of ordnary FiG 5 P — | Tokuhiro
skill would have been able to combine [Hiraishiland T okuhiro m the way - Pl g " PAL |
proposed by Petitioner and would have been able to overcome any I+ [ R T s g
. f w0
differences between the two references. Pen 2 |
—— . T :”;:' = < (<.. o
.. . ; . ; . . SIS e B w Hiraishi
Petitioner is not required to physically mcorporate Tokuhiro’s variable delay Hee 3 x
— | 1

circuits DR1 and DR2 mto[Hiraishil. Instead. Petitioner proposes to utilize

Tokuhiro’s teaching of determining the delay for read operations based on
the delay calculated durmng a prior write levelng operation. Pet. 3839

(citing Ex. 1003 9 126). Petitioner explamns that [Hiraishilmcludes write

leveling operations and that a person of ordmary skill would have been able

to modify [Hiraishi]'s write leveling to use Tokuhiro’s leveling technique. 7d.

FIFO [REAT]

We determme that Petitioner has sufficiently explamed the combmation of

the two references and that one of ordinary skill would have been able to

combine the two even with the differences between the two references.

EX1066 (IPR2022-00236, Paper 34) at 38-40
(with [Hiraishi] inserted in place of Osanai)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 32-34,37-38 117
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Netlist's argument that delays would only be removed by the memory controller as part of S5 read/write leveling ignores
Hiraishi's express teaching that delays should also be removed in the data buffers as part of S4 read/write leveling

Power—on ~S1
- i ;1300
wl, » i oy [H320
= i { wanEieevG cRouT | E
Reset ~S2 g ; 3'22 READ LEVEUNG Rt} 2 323
i L
J,_ & | POS: ...
= : b 1351
I 3 ! '
< i ' k<
L0 | !
Set Mode regist S3 g Pt Joost g
ot € registers g — S5 leveling —_— 350 icz&;:ﬁ ‘SELECYNII:, i } 34‘13-52 — S4 leveling —_ 2
l e (read / write) | INB 301 ; 32 (read / write) g
Read/Write Levelin = i ) H— g
(Dai';vrvegister !;;ut’ferB —S4 % Lo | i e ;I 1 e
-Memory chip) a ==ty Y L g ;
G 340 {].; FIFO (READ) CREUIT  f= Ezcxwt Lis
=S .' ! D0 ]
ReadWrite Leveling g 302 T
Memory ctont!r)oléfer ] -
-Data reglj er buffer) FIG.S
Data Register Buffer (300) in Hiraishi (EX1005) EX1069 at 1
FIG.13
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 33-34 118
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IPR2022-00711 rejected Netlist's argument that the combination would not work
due to the lack of express disclosure of some control signals in Hiraishi’'s Figure 5

For example, Patent Owner argues that
“Hiraishi’s dataregister control circuit 320 (which includes the read leveling | < IL. -
ircuit 323) is nei ;1 hysicall functional[ly] ed to the del I g R A R i
circuit 1snetther physicallynor tunctional| ly | connected to the delay i OATA . £320
— - _ — | 310 O C';CUT“- [ WAiTE LEveLG crouT | s :
circuit 3727 and, therefore, that read leveling circuit 323 would not be able g 322 [ ReroLeveun cReu_| 323
to control delay circuit 372 to adjust the strobe timing based on the teachings i LCLKR| LCLKW ez DOS: L1
‘ LT
of Butt. PO Resp. 35-38;seealso 23232 (contendmg that read E i ‘ § 370 ‘ 3131 OUTB A F iV3s1
[ b | :
leveling circuit 323 does not control delay circuit 372). - QZ\L‘ R e | T g™ . INB E
oee ‘L}Q.'m,‘ CIRCUIT 7 332 | L2
. . L 1T { 374 e 3 nos!
We disagree with Patent Owner’s arguments. As an initial matter. the 3500 L] 76 — saecvon|::;.' _________ 350
Federal Circuit has _ : 301 Fap 1333 E
. . . : ) | |
consistently held . . . that“[t]he test for obviousness is not TR FIFQ MRITE) E LR D0 ; LLI_
whether the features of a secondary reference may be bodily _1L. D0, | Lol i el - N aa1
incorporatednto the structure of the primary reference: norisit 340’ — éj | FIFO (READ) CRCUIT e [s&scmﬂj ' |
that the claimed invention must be expressly suggested in any ; T DOE L2
one or all of the references. Rather. the test 1s what the combined | 302 —%313
teachings of the references would have suggested to those of e BB S TRt ek (T 4
ordinary skill in the art.” FIG.5
MCM Portfolio LLCv. Hewlett-Packard Co.. 812 F.3d 1284, 1294 (Fed.
Cir. 2015) (quoting Inn re Keller, 642 F.2d 413,425 (CCPA 1981)). Thus,
Petitioner is not required to show a physical combination of two systems.
EX1068 (IPR2022-00711, Final Written Decision, Paper 42) at 16-17
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 34 119
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Netlist's expert admitted that lack of similar control signals in Netlist’'s own figure
does not prevent a Skilled Artisan from understanding how the control signals work

Read direction — ‘608 Patent (EX1001) Figures 16 & 15

Q. And Figure 15 of the '608 patent doesn't
1610 1620 16304 1602A
expressly show any control input signal to the L N | v
_— - 1601 _|§ Lr Ul
tri-state buffer 1580, but it'll be reasonable for a oa | £ ( J r
— D 1670 1660 1g50 [ } 16028
perscon of ordinary skill in the art to understand how 522 | 1680 A K L — <
_7,‘<]‘ 2 . ﬁ —
and when to enable and disable the tri-state buffer =g
320
1580; is that fair? \\ ‘ ; )1 l
|
A. I think that that's fair, vyes. \ I o0 | i - i
Q. And although it's not shown in Figure 15 roas woas
of the '608 patent, a person of ordinary skill in the is10] 1520 15308 15024
‘_5_\1_ g
art would understand that during a write operation, \1\ ,
0as »-[j - TR 1;0 15028
1 4 | \
that you would want to have a control signal that _/T‘ Z}_'_ g : ”_“D'_Tu;
disables the tri-state buffer 1580 to avoid potential
620
conflicts with the incoming strobe signal and also
for the benefit of conserving power; is that fair? st oo
A. Yes, that's fair. ao
EX1074 at 150:2-8, 157:9-16 EX1080 at 1
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 34 120
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Netlist’'s argument that a DQS strobe signal from DR1 cannot replace Hiraishi’s original clock
signal LCLKR to sample the Read FIFO 302 is another improper “bodily incorporation” argument

In sum. Petitioner fails o provide any motivation for the further modification

of using the newly created D DRI in the stfobe generating circuit 376 (that

“The test for obviousness [however| 1s not whether the features of

is off the data ath) to clock out thw the FIFO instead of following — -
a secondary reference may be bodily incorporated into the structure of the

primary reference.” Inre Keller, 642 F.2d 413,425 (CCPA1981).

the known appjoach of using a msigual Petitioner’s piecemeal

modifications of Riraishi are cleatly the product of impermissible hindsight, and do

Petitioner is not required to physically mcorporate Tokuhiro’s variable delay

not support obvioudess.

e Paper 20 (POR) at 70 circuits DR1 and DR2 into[Hiraishil. Instead. Petitioner proposes to utilize
""""""""" eseeuhassnosesassannay g0 Tokuhiro’s teaching of determining the delay for read operations based on
MCOE REGSTER ] c%.\‘!r:g%m 1 320 g — - p

WRITE LEVELING CRCUIT

the delay calculated during a prior write leveling operation. Pet. 38—39

(citing Ex. 1003 9 126). Petitioner explains that [Hiraishilincludes write
Col o) SRy | | eyt R | leveling operations and that a person of ordmary skill would have been able
o . . . . . .
1085 - , -é to modify [Hiraishi]'s write leveling to use Tokuhiro’s leveling technique. 7d.
350 ! :-uv CIRCUIT fle~Si :
i Ea We determime that Petitioner has sufficiently explamed the combmation of
: = i L efer di '
W _.Elfg HRITEl 7 I—‘ DQ. :;.T] the two references and that one of ordimary skill would have been able to
o} {LP _rroreordii-t Lo combine the two even with the differences between the two references.
: DA, I
‘ —::’\:;42
______________________ FI_(“'"- i EX1066 (IPR2022-00236, Paper 34) at 39-40
0 (with [Hiraishi] inserted in place of Osanai)
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 34 121

Samsung Electronics Co., Ltd.
Ex. 1059, p. 121



Netlist's expert admitted that either a DQS strobe signal or a clock signal can

be used to control sampling

Q. And a person of ordinary skill in the art

would understand how to sample using a clock signal

such as CK0 and how to sample using a strobe signal

—
e

such as RDOS ; is that fair?

-
g B
_>¢I,__________,~______--_--

A. Depending on the context of what they
wanted to sample, yes, clocks are often used for

sampling and, similarly, strobe signals are often —"|

used to control sampling.

EX1074 at 154:15-22

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

3 0 DL CIRCUIT

8 o gy s e - g s S0y

[T

)

| MCUE REGISTER l DATA REGISTER 1
CONTROL CIRCUTT 320

LCLKR WUWL

i
Ul “cacur

[
322

| WRITE LEVELNG CROUIT | {
1

READ LEVEUNG CROUT _|———1-323

DELAYCIRCUIT

Paper 23 (Reply) at 34 122
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Butt also confirms that a DQS strobe signal can be used to clock a FIFO

102~

HITIOULINDD AUORGN

106,

CLK_' X

CLK 2X

MC_Xa_MEM_SEL

NoE My

or_roc_our 14

_CR NDQ OUT

§_PDGS out

| mncs_ocur
S—

OR

DR CUT

NOQY CuUT

PLR_POC

;-.182-{

"2-\:

d
DR_PG_ OUT

(g

PILR_NDO

L

OR_NI QUT

ey o

Pl R VALID

CLK_1X

NDOS_OUT

NC_CND

DELAY

1168« [MODELAY
J _LOCK
» CONTRO. I
| —

nr

MASTER | (TO EACH DF)

BASE DELAY

DQS_WNTN

08,
1O BUFFERS

GATEON (TO
EACH 0P)

0f) GATEON
CIRCUI |

CLx_1X
CLK_2X
le———

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

» strobe signals PDQOS out and NDQS out, correct?

AHOWNT®Y N

Q. And in particular, as explained by
paragraph 19 of the Butt reference marked as

Exhibit 1029, the read data DR PDQ out and DR NDQ out

are written to Ehe FIFOs 112 in response to the

A. Yes.

It says that that read data is
generally written into _ based on those DQS

signals.

EX1074 at 182:9-16

[0019] The FIFOs 112 are generally configured to transfer
the read data DQ from the read data strobe (or DQS) domain
to the CLK_1X domain for presentation to the memory
controller 102. The read data DR _PDQ OUT and
DR_NDQ_OUT are generally written to in
response to (e.g., clocked by) the signals m and
NDQS_OUT, respectively). The memory controller 102
may be conligured to read the data DQ (e.g., via signals
PI_R_PDQ and PI_R_NDQ) from the FIFOs 112 in
response to the clock signal CLK_1X. In one example, the
FIFOs 112 may be implemented as eight words deep.

EX1029 at 1[0019]
Paper 23 (Reply) at 34-36 123
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Butt teaches using a GATEON signal to block the preamble/postamble of the DQS strobe
signal, enabling the gated DQS strobe signal (e.g., PDQS_OUT or NDQS_OUT) to clock the FIFO

108y 104~ 106~
£DA PHY e~
Tk or poa_out 14 7O BUFFERS 133 33 n F o
cwix | wm: DB-'iD.Q-_QQT, . sk 1 Q. As explained in paragraph 24 of the Butt
I p—
ckax| | | BFD L :;:g"u: ! [] I N reference marked as Exhibit 1029, the GATEON signals
= = DR_PDC_OUT o e ' may be, used to gate the DQS data strobe signals,
g ASYNC [« —R=NDQ_OUT. g -
9 o PDAS_OUT g corrfct?
8 MC_X4_MEM_SEL y '—:
3 i = o st N e I S | (et 1 =
3 i - $ [ ) 5 A. Yes. \
Bl | [ 3 5 QJ a EX1074 at 184:1-5
L. PLANDD ASYNC D:‘;;:QC;WT S '
" PLAVAUD RO g QU]
o0S_oUT The read data DR_PDQ_OUT and
ok o é‘:scﬁ‘:?éw/' sareon 10 DR_NDQ_OUT are generally written to the FIFOs 112 in
VELar (F%%};?I& /S, response to (e.g., clocked by) the signals PDQS_OUT and
MG_ohD L .lgp;gg;* [*oxax / NDQS_OUT, respectively).
- i 18 EX1029 at [0019]
FIG. 2 A read GATEON training process, described in a
—— ——TLoATEON LAy | : | | co-pending application Ser. No. (Attorney Docket
SIGNALS AT DDRMEMORYBUS |4~ CAS LATENCY— \ ! ! No. 1496.00419), filed Jul. 1, 2005, which is hereby incor-
o o .
FIG. 14 ' | | : | porated by refe.rer‘lce in its entirety, may be exec.uted b‘efm"e
C’“DWW’X ; ’ﬁop ' ' the DQ-DQS timing adjustment of the present invention is
- ! ; ; i ] T ; ; ; made (except at power-up or reset, when a default slave
:i I = ;' b delay may be loaded before read GATEON training pro-
k t + I + |
| : | ! | :: :. | | ! ceeds).
EX1084 at Fig. 14 EX1029 at 1[0047]
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 36 124
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Netlist is improperly distinguishing the prior art based on technical details (e.g., the difference
between DQS strobe and CK clock signals) neither claimed nor disclosed in the ‘608 Patent

“[Tlhe reasonable expectation of success requirement refers to
the likelihood of success in combining references to meet the

\| limitations of the claimed invention. Intelligent Bio-Sys., Inc. v.

A /llumina Cambridge Ltd., 821 F.3d 1359, 1367 (Fed. Cir. 2016)

% & (emphasis added). ... Thus, “the ['160] patent itself does not

| disclose the level of detail that [Patent Owner] would have us
require of the prior art.” See Lockwood v. Am. Airlines, Inc., 107
F.3d 1565, 1570 (Fed. Cir. 1997).

Read direction — '608 Patent (EX1001) Figures 16 & 15

Samsung Elecs. Co. v. Netlist, Inc., IPR2022-001427, Paper 48, 35-36
(PTAB Apr. 1, 2024) (emphasis added)

Q. The '608 patent does not go into any

further details about how the sampler circuit 1570

uses the clock signal CKO to sample signals or how

the sampler circuit 1670 uses the RDQS strobe signal

to sample signals; is that fair?

A. Not that I'm aware of, but it's a 43-page

patent. If I was aware of something as I sit here,

I would certainly mention it.

A
/ \

But as you said, or suggested, the

disclosure of how those various samplers work is

pretty thin.

DQ

322

1610 1620 1630A 1602A
= N pl e
J
1670 1660 1650 16028

168\0\ J— = )

4 £ 16308 |

Y8

| ¥ 1

txo DS
—

wDQs RUWS ENA/ENB
—

ENB ENA

VADI::

|
5 | 1570 1560 1550
O
|

DS

EN8  ENA

EX1074 at 154:23-155:12, 158:24-159:1
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A POSITA WOULD HAVE BEEN MOTIVATED
TO COMBINE GROUND 1 WITH TOKUHIRO

BAKER BOTTS
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IPR2022-00236 rejected Netlist's position (left), and agreed with Samsung’s position that a
POSITA would have been motivated to combine Tokuhiro and Hiraishi for efficiency

Netlist's POR, pp. 80-81

Samsung'’s Petition, p. 73;

IPR2022-00236, p. 41 [EX1066]

“Each of Petitioner’s reasons are
conclusory and unsupported. ...

“As the combination has been

“That these operations are now
spread out over nine different

components (data buffers) .
necessaril

Samsung’s Reply, pp. 37-38

“First motivation: Tokuhiro teaches
calculating read delays based on the
delays for write operations, which is
more efficient than Hiraishi's
technique of performing read leveling
independent of the write delays.”

“Netlist argues that there would be
no motivation to combine Hiraishi
and Tokuhiro in general ... but the
Board has already rejected that
argument.”

“... Petitioner has sufficiently
demonstrated that one of ordinary skill
would have been motivated to combine
[Hiraishi] and Tokuhiro in the way
proposed by Petitioner. Petitioner
provides sufficient support for its
allegation that one of ordinary skill would
have been motivated to combine
[Hiraishi] and Tokuhiro."

“Thus, Tokuhiro's technique reduces the
number of steps because it uses previous
measurements and calculations from
prior write leveling instead of making
additional measurements and
calculations to determine the delay for
read operations.”

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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IPR2022-00236 rejected Netlist's position (left), and agreed with Samsung’s position that a
POSITA would have been motivated to combine Tokuhiro and Hiraishi on the module

Samsung'’s Petition, p. 79;
Samsung’s Reply, pp. 37-38

Netlist's POR, pp. 80-81

IPR2022-00236, p. 39 [EX1066]

“Each of Petitioner's reasons are “Second motivation: Tokuhiro “Petitioner explains that Tokuhiro's

conclusory and unsupported. ... provides simple techniques for leveling techniques would achieve the
removing fly-by delays, while Hiraishi | benefits of ensuring proper timing of
does not disclose how its memory signals even when Tokuhiro's technique is

controller re-times read data received | used for an off module controller”
with fly-by delays”

“Netlist argues that there would be
no motivation to combine Hiraishi
and Tokuhiro in general ... but the

POSA would recognize that Board has already rejected that
argument.”
(not using different mechanisms for
write and read).”
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 73-79; Paper 23 (Reply) at 37-38 128
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Netlist’'s expert admitted that JEDEC's DDR3 standard adopted a “fly-by topology,” resulting in horizontal
fly-by delays for commands that needed to be corrected with read/write leveling to unskew the data signals

Q. 2And then write leveling can be used to

account for the skew in the other direction, which is

Jede< DDR3 SDRAM

48  Write Leveling

the DDR3 memory module, which is going to have the For better signal integrity, the DDR3 memory module adopted fly-by topology for the commands,
addresses, control signals, and ClOCKS. \
address, control, and clock signals calling the DDR3

EX1020, 42

when the memory controller is sending data signals to

memory module in a fly-by topology, meaning, that
there will be fly-by delays for those address

controlling clock signals; is that fair?
A. Those address, control, and clock signals

will be skewed, and write leveling can be used to

allow the system to operate correctly in the context,

in the face of those skews.

read leveling is a

technique for responding or counteracting the fly-by

r DEfe SHem

5,
[]

effect by adding some timing variation.

‘\/ ‘
N,
N,

That can be done in a number of places.

EX1085, 7

As I suggested, it could be done in the DRAMs. It

could be done in the memory contrcller. If there's a
Skewed data

buffer, a data buffer between the DRAMs and the . | ..
signalis, requirin

memory controller, it can be done in the data buffer. g g . q .g

EX1074 at 80:7-14, 89:23-90:9 read/write leveling
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 38-39 129
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Netlist’'s expert also admitted that both the ‘608 Patent and Hiraishi have a

T l T 1

centimeter
1 2

FIG. 2C

Control/Clock (Horizontal) Flight Time Delays
(slower clock speed)

EX1001 (608 Patent) at 9:52-10:6

EX1078 at 1

d

1so|at1011 §§V1ces I l g,

As shown in FIG. 2C. in certain embodiments,

- transmits registered C/A and clock signals lo l!e

and transmits module control signals
signal (or module clock signal) to the
in a fly-by configuration.

EX1001 at 8:22-26

Q. And would it

trying to illustrate the

be fair to say that this is

concept of the fly-by

arrangements in the horizontal direction that you

were discussing a moment
A. I think that
what I expect this -- a

represents the behavior

ago?
's a fair characterization of
fair characterization that it

of the fly-by phenomencon that

we were discussing previ

ously.

BAKER BOTTS

EX1074 at 67:11-18

fly-by topology, resulting in horizontal fly-by delays for commands

#3 4
MEMORY & MEMORY (]| ==°--
CHIP CHIP
DATA DATA
BUFFER BUFFER

240° 300°
Control/Clock (Horizontal) Flight Time Delays
(slower clock speed)
FIG.7 EX1079 at 1
Q. And the fly-by arrangement in Hiraishi as

illustrated in Exhibit 1079 is generally similar to

the fly-by arrangement in the '608 patent, as

is that fair?
MR. LINDSAY:
THE WITNESS:

similar, yes.
- |

illustrated in Exhibit 1078 that we Jjust looked at;

Objection. Form.

I think that it's generally

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

EX1074 at 69:8-15
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Netlist's expert also admitted that faster DDR3 clock speeds (e.g., less than
1ns) may result in horizontal fly-by delays greater than one clock cycle

hcrnan

90° (450°)
<

0° (360°)

Control/Clock (Horizontal) Flight Time Delays
(faster clock speed)

EX1078 at 2; EX1074, 60:23-64:24, 67:19-68:16

BAKER BOTTS

<

Because the isolation devices 118 are distributed across
the memory module 110, during high speed operations, it
may take more than one clock eycle time of the system clock
MCK for the module control signals to travel along the
module control signals lines 230 from the module control
device 116 1o the [arthest positioned isolation devices 118.
such as isolation device ID-1 and isolation device ID-(n-1)
in the exemplary configuration shawn in FIG. 2. Tn other
words, a same set of module control signals may reach
different isolation devices 118 at different times across more
than one clock cycle of the system clock. For example, when
the clock frequency of the system clack is higher than 800
Mz, the clock cycle time is less than about 1.2 ns. With a
signal travel speed of about 70 ps per centimeter of signal
line, a module contro] signal would travel about 15 cm
during one clock eycle. When the clock frequency increases
1© 1600 MHz, 4 module contro! signal would trave less than
8 cm during one clock cycle. Thus, & module control signal
line can have multiple module control signals on the line at
the same time, i.c., before one module control signal reaches
an ead of the signal line, another module control signal
appear on the signal line.

JEDI:U DDR3 SDRAM Standard

DDR3-2133
Unit
11-11-11 | 12-12-12 13-13-13 14-14-14
0.938 ns
EX2015 at 141
Q. So the fastest clock period shown on this

page of the DDR3 standard marked as Exhibit 2015 is

less than one nanosecond, which is less than one

billionths of a second, correct?

A. Yes, that appears to be correct.

EX1001 ('608 Patent) at 9:52-10:6

Next command

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Q. And so according to the '608 patent

marked as Exhibit 1001, as you get to these faster

clock speeds, which I believe are consistent with

some of the clock speeds we were looking at for DDR3

memory devices, a module control signal line can have

multiple module control signals on the line at the

same time, i.e., before one module control signal

reaches an end of the signal line, another module
control signal appears on the signal line, correct?

I see that it says that.

A. Yes,
'

EX1074 at 54:11-15, 62:3-12
Paper 23 (Reply) at 41-42 131
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Netlist’'s expert agreed that Hiraishi, which “focused on DDR3,” would eventually face horizontal
fly-by delays greater than one clock cycle, as a consequence of the faster clock speeds

00
CNTRL—Post
L5 200 __l _# o
Clock—Post = —
ey MEMORY MEMORY MEMORY MEMORY MEMORY [ {]| -----
REGISTER BUFFER ADD/CMD-Post| CHIP CHIP CHIP CHIP CHIP
y y Clock—Post [ ’
Post A_F——3->DQS~Post
¢ DQ'U.f:b 4P| 2
Y DRC [
§ § ; DATA DATA DATA DATA
g 8|z BUFFER BUFFER BUFFER
<t L3
130

270°

0° (360°)

90° (450°)
>

command

FIG.7

from the SDRAM 92.

The delax on the order of 1 ns will become

eater than a
thical data Beriod of the DDR3 Inem()% inter%ace, AL M-
mum 0. ns, so thal the delay may allect 1 reading data

Control/Clock (Horizontal) Flight Time Delays
(faster clock speed)

EX1079 at 2

-D—A
Jl= S DDR3 SDRAM Standard

-

DDR3-2133

Unit

BAKER BOTTS

EX1006 (Tokuhiro) at 3:9-12

m?n.,&mz 13-13-13 | 14-14-14
T NN0.938 ns

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

EX2015 at 141

0. And so to be clear, Netlist did not

invent two clock signals going in the horizontal
N
direction on a memory module at the same time;

instead, that is a consequence of the physics of

clock signals as they get faster and faster as
standardized by JEDEC; is that fair?

It's a consequence of the

THE WITNESS:

signals getting faster and faster,

Whereas, page 2 of Exhibit 1079 illustrates

the concept of the faster clock speed where a second

/clock signal is sent out on the line before the first
clock signal has reached the furthest memory chip in

the furthest data register buffer; is that fair?

A. I think that's fair.
0. But Hiraishi certainly does talk about
N

this fly-by arrangement for the memory chips and the

data registry buffer, and a person of ordinary skill

in the art would understand that concept, correct?
\ A Yes My recollection is that I think

myWE'E'focused on DDR3 where a lot of these issues

were not fundamentally present as a problem, but they

were anticipated as becominc-; a problem eventually.

EX1074 at 69:20-70:14, 244:8-16 (objections omitted)
Paper 23 (Reply) at 42-43 132
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Tokuhiro teaches a solution to fly-by delays greater than one clock cycle, which is not
disclosed by Hiraishi, thus providing a motivation to combine the two references

FIG. 7
And that could be extended. If it requires MEMORY CONTROLLER ~ ™12 DIMM "
T 12 T3
multiple CLK cycles in -- you know, Hiraishi doesn't : CK1/Add/ICMD :
CK1_{ .
flam DQS-1(DQS) ’>SDRAM-1 CKLJ‘/_
teach that. But I think one of ordinary skill could Dmﬂf "ﬁé':;;;;”;qyﬁug@@;:;:;;;jf Das1y |
i DWA1 i
extend this using other references to assist in order to
help understand how -- you know, a way to do that. But
you could extend it to more than a CLK cycle with -- with
further information.
: N CK1 i
BT | | Dasn(QS) - - »|SORAMN
Q. Is that -- are you -- you said with other _{— ’gf U 2% L1 ) o . (%1% NS S DQSNI !
H DW-n I
A -—
references. Would Tokuhiro be an example of another EX1066 at Fig. 7 ‘/)'mw
reference that would suggest delays of greater than one 0. And then if you turn to the gt column
CLK cycle? in the Tokuhiro reference marked as ibit 1006 in
A. Tokuhiro would help and Giovanni would help column 14, starting around line , 1t explains that
+ : the delay times DT1-1 to DT1-N correspondin
also. In particular, if the fly-by L a J
EX2012 at 80416 delay separation between the clock signal and the data-strobe [ respectively to SDRAM-1 to SDRAM-N, as in Nancy, are
o signal exceeds one clock period. the above-described timing
. . - . . ?
adjustment process will adjust the phase relationship prop- set_so as to become gradually longer, correct:
erly, but the timing adjustment may be off by a multiple of a A Yes, that's correct.
clock period. EX1024 (Giovanni) at 5:25-31 EX1074 at 179:6-12
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 80; Paper 23 (Reply) at 42-43 133
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Tokuhiro recognizes fly-by delays greater than one clock cycle and teaches a solution
of setting “gradually” longer delays, e.g., 180°, 270°, 360° (not 0°), 450° (not 90°)

FIG. 7
MEMORY CONTROLLER [~ 12 DIMM Ul d G » ] 6t vewory ||]] -+
REGISTER BUFFER : .
T
cm_é/" CK1/Add/CMD ¥ ;
- opr o DosiEay | ClsoRamd £8
e e N1, 1 N y 8|8
' DW-1
23 Control/Clock (Horizontal) Flight e Delays
P B Next (faster clock speed)
+ command
FIG.7 EX1079 at 2
: N : 5: Q. And then if you turn to the jiext column
R DOSN(OAS) - Jsorana] | - Y
: | L e DASi:—vf in the Tokuhiro reference marked as Exhfibit 1006 in
.n -
] e \column 14, starting around line 55, itfexplains that
the delay times DT1-1 to DT1-N corresponding
The delay on the order of 1 ns will become greater than a respectively to SDRAM-1 to SDRAM-N, fs in Nancy, are
typical data period of the DDR3 memory interface, at mim-
mum 0.625 ns, so that the delay may allect i reading data S e eR,  correct?
from the SDRAM 92. A. Yes, that's correct.
EX1074 at 179:6-12

EX1006 at 3:9-12

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 44-45 134
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Netlist’'s “space-constrained” argument is meritless because Hiraishi’'s data buffer already has
a read/write leveling circuit, so adding Tokuhiro's functionality would require limited changes

A POSA would understand that the memory confroller, being on the

motherboard. is far less space-constrained than the memory module, as Dr. Wedig

confirmed in the relat 6 IPR. EX2016, 143:5-144:2; 013, 9179. Moreover,

Dr. Wedig confirmed that pretty exacting what the

size of the memory module shoul prescribe dimensions for the size

of the memory controller. EX201 X2016. 142:15-24. Thus. the last

place a POSA would be m to add extr and circuitry would be to a

i

component (here, the ffer) which is competing e memory devices for

limited space. See id. The limited space coupled with intense computing is also

detrimental to heat dissipation. EX2013, §179;: EX2017 (electronic cooling). :

Paper 20 (POR) at 76

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 45 135
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Netlist’'s “space-constrained” argument is meritless because no claim limitations concern
space, and JEDEC allows for data buffers with diverse physical sizes and various functionalities

Evolution of DIMMs: Fully-Buffered DIMM (FBDIMM)

FBDIMM

Q. Do any of the claims of the '608 patent limit

the claimed memory module to any particular physical

dimensions as set forth in any particular JEDEC

‘AduanceMemory Buffer
Block Diagram

e

specification? I [
MEMORY CONTROLLER

A. No. There's no mention of JEDEC in the claims.

THE WITNESS: Well, there's a lot of different

JEDEC standards. There's standards -- I mean, the JEDEC EX1077 at 9

DDR
10's

standard for a DDR3 SDRAM. There are standards for

Q. And would it be fair to say at a high

physical size, but there are multiple standards for level that an FBDIMM buffer is all of the signals on
the memory module using the AMB, advance memory
I

multiple physical sizes. So there is no one JEDEC buffer, so that would include the address command and
clock signals from the memory controller, as well as
I

physical size standard. all of the data signals on the bidirectional data

lines?

EX2012 at 139:12-16, 140:1-6 THE WITNESS: I think that's likely the — e —

case,
—

Figure 1.1 — Advanced Memory Buffer Block Diagram

EX1074 at 60:8-18 (objections omitted) EX1059 at 15

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 45 136
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Hiraishi’s control lines DRC and DRF are already on the module to control
Hiraishi's data buffer in the Tokuhiro combination

CNTRL-Post \

L5 110 1 2
200, # Lr# _ LL# ) a—é TG
Clock-Post L > i 1
- MEMORY MEMORY MEMORY MEMC neeE
ADD/CMD~Post|  CHIP CHIP CHIP CHI
Clock—Post ) 7 A
DQ-PostA_E——>DQS—Post
I3 L2
DRC LI \A ‘ :
DATA DATA DATA DAT
TR REGISTER REGISTER REGISTER REGIST
BUFFER - BUFFER BUFFER |— BUFFI
; ‘ J ]
5 T L4 pg-pre| [oqs-Pre 300
E [ E*\wo ' LO
Ij ~—120
EX1005, Fig. 7
Hiraishi + Tokuhiro
Paper 1 (Pet.) at 20-25, 32-33, 37-39, 44-45, 49, 97-98, 106-08;
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 23 (Reply) at 45-46 137
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Netlist ignores that obviousness does not require showing that a data buffer would
be better than the memory controller, just it was a known and suitable option

Fourth, there are significant advantages of having Tokuhiro’s delay elements

implemented in the memory contro]le4 As taught in Tokuhiro. the delays are

combination is the best option, only
that it be a suitable option."

determined in a process imwhich “the first delay time controlamit 23 ... gradually

prolongs the delay time for the fitst variable delay circuitdW-n until the clock signal

CKI1 and the data strobe signals"DQS-n are uiput to the n-channel SDRAM-n Intel COFp. v. PACT XPP Schweiz AG,
61 F.4th 1373, 1380-81 (Fed. Cir. 2023)

substantially at the same time.” EXI1006. 13:55-60. This process would be

significantly less complex if performied when the first delay time control unit 23 and
A POSITA would have understood

the first variable delay circuit DW-n are on the same side of'the data bus. due in no

] . that the delay functionality of Tokuhiro can be implemented in either the data
small part to the fact that the memory controller can only communicate with the

buffers or the memory controller of Hiraishi—a finite number of predictable

memory module following DDR signaling protocols. while CPU/memory controller

solutions to the same problem‘frendering both of those solutions obvious.

communications do not. EX1006. 5:57 (“The memory controller 12 is a DDR3 =t
Paper 20 (POR) at 77 Paper 1 (Pet.) at 83
BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 1 (Pet.) at 82-83; Paper 23 (Reply) at 46 138
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Netlist's argument that the combination would increase circuitry is meritless because
Hiraishi already provides all the circuitry and control signals needed for read/write leveling

G S

o
T

& 0000

Tokuhiro

In this implementation, Tokuhiro’s read delay functionality is added to the

L, data register buffers of Hiraishi’s module such that, advantageously. no changes to

the circuitry of the memory controller are necessary. EX1003, §281. Tokuhiro’s

Hiraishi

functionality of determining the fly-by delays from delays for the write operations
and setting the additional read delays accordingly is implemented in Hiraishi’s

memory module, as shown in modified Fig.13 below. Id.

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

Paper 1 (Pet.) at 98

Power-on ~S1
;
Reset 52

'
1

- Memory Controller performs write operation;
- Data Buffers measure time between write

Set Mode registers

command and corresponding write data;
33 - Module Controller programs additional read
delays in Data Buffers based on measured times

Read/Write Leveling
(Data register buffer
-Memoary chip)

Read/Write Leveling
Memory controller
-Data register buffer)

—S5

.

FIG.13

Paper 1 (Pet.) at 94-98; Paper 23 (Reply) at 46 139
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NETLIST'S
MOTION TO SUPPLEMENT 4.
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Netlist failed to show that McAlexander’s testimony “reasonably could not have been
obtained earlier” as required by 37 C.F.R. § 42.123(b)

Netlist finally deposed

Netlist received McAlexander’s Netlist refused to take McAlexander’s deposition .
expert report in E.D. Tex. femmm——mmm g mmmm———— mmmmmmmmmmmmmmmmpmmmmm oo B McAlexander in E.D. Tex.
// 1 1 I 1 I
,/ 1 1 1 : 1
Nov. 20, 2023 Feb. 26 Mar. 8 Mar. 14 Mar.29 Apr.3 Apr.9 Jul. 10 Jul. 19, 2024
\\\ Paper 37, Tishman Decl. 114-13 & Exs. C-|
\

Netlist filed its Patent Owner Response in this IPR

Patent Owner does not

satisfactorily explain why it did not seek to depose Mr. Holbrook in this J
Petitioner admitted that it had not requested additional discovery on these

proceeding or why it did not depose Mr. Holbrook earlier. . ; . : ] .
- issues earlier during the infer partes review, which may have turned up Mr.
Samsung Elecs. Co. v. Netlist, Inc.,
IPR2022-00996, Paper 48, at 4 (PTAB Dec. 6, 2023) Rieger’s testimony or similar information. Under these circumstances,
) Instead, Patent Owner apparently cancelled Petitioner would not be able to demonstrate persuasively that “the

Mr. Chess’s scheduled deposition in this case, and never rescheduled it. See supplemental information reasonably could not have been obtained earlier,”
id. at 1. Accordingly, Patent Owner has not adequately demonstrated why as required by 37 C.F.R. § 42.123(b).

. . . PEAG LLC v. VARTA Microbattery GMbH,
the supplemental information reasonably could not have been obtained IPR2020-01212, Paper 46, at 4 (PTAB Dec. 3/0, 2021)
earlier.

ExtractionTek Sales LLC v. Gene Pool Technologies, Inc.,
IPR2022-00625, Paper 33, at 2-5 (PTAB Mar. 30, 2023)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 37 at 1-2 141
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McAlexander’s testimony is not “relevant” to this IPR under 37 C.F.R. § 42.123(a)(2)
becasue his testimony was based on Netlist's view of the scope of the ‘608 Patent

1[d2] the each Based on Netlist’s apparent view of the scope of the "608 patent claims. as
respective buffer articulated in 1ts Infringement Contentions and which I disagree with, 1t 1s my
circuit including a opinion that Hiraishi alone or in view of the knowledge of a POSITA or in
data path combination with the referenced prior art discloses element 1[d2].

corresponding to

each data signal line | See claim limitation 1[d1] analysis above.
in the respective set

Paper 37, Tishman Decl. Ex. C (McAlexander expert report) at p.36

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 37 at 2-3 142
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It is Netlist who has changed its construction of “data path” since its Complaint (below), which included
the DQS strobe signal in the “data path” (red box) and in the “delay circuit” (dashed red box)

DRAM INTERFACE

74.  As shown above in the example block diagram of Fig. 15 at page 95 of JEDEC

Standard No. 82-32A, the data path corresponding to the each data signal line includes at least one

tristate buffer controlled by the command processing circuit. As shown above and below, the data

path corresponding to the each data signal line also includes a delay circuit configured to delay a

signal through the data path by an amount determined by the command processing circuit in

resfjonse to at least one of the module control signals.

\’?L\—\: (=7

A mlve X

ocecy  weess [ R 9"-”51 oo | gm‘%

oy uoops L Efn\uﬁs\ fous D14
Lok — T

Sp =L oNo. 82-32A.

EX1057 (Netlist's Complaint in district court) at 58-59
(red boxes by Netlist, yellow highlighting added)

BAKER BOTTS DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 37 at 2-3 143
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Netlist failed to show that consideration of McAlexander’s testimony “would be in the interests-
of-justice” under 37 C.F.R. § 42.123(b), especially given that it is inadmissible hearsay

UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS

MARSHALL DIVISION

NETLIST, INC.,

Plaintiff,

)

)

vs. JCASE NO. 2:22cv293JRG

SAMSUNG ELECTRONICS CO., )

LTD., )
Defendant. )

)
CONFIDENTIAL - ATTORNEYS' EYES ONLY

CORRECTED TRANSCRIPT OF
REMOTE VIDEOTAPED DEPOSITION UPON ORAL
EXAMINATION OF JOSEPH McALEXANDER
FRIDAY, JULY 19, 2024

9:08 A.M. (Central Standard Time)

(A1l participants appeared remotely)

TAKEN AT THE INSTANCE OF THE PLAINTIFF

REPORTED BY:

MONNA J. NICKESON, RPR, CRR, CCR, CSR CA 14430

JOB: 6792757

Page 1

BAKER BOTTS

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

The testimony is hearsay, and no exception applies:
* FRE 804(b) does not apply

* Netlist made "no attempt to bring [him] forward as a witness in this
proceeding.” CaptionCall, L.L.C. v. Ultratec, Inc., IPR2015-00637, Paper 98, at 15—
16 (PTAB Sept. 7, 2016), appeal dismissed, No. 2017-1210 (Fed. Cir. Jan. 19, 2022).

* FRE 801(d)(2)(B)-(D) does not apply

*  "Since an expert witness is not subject to the control of the party opponent [i.e.,
Samsung] with respect to consultation and testimony he or she is hired to give,
the expert witness cannot be deemed an agent [i.e,, of Samsung].” HTC Corp.
v. Telefonaktiebolaget LM Ericsson, 12 F.4th 476, 489-90 (5th Cir. 2021).

*  Construction of “data path” was not an issue in McAlexander’s case, and
McAlexander was applying Netlist's apparent construction of the '608 Patent

« Samsung had no reason to object during
McAlexander’s deposition in E.D. Tex. because Netlist
did not give notice it planned to use it in this IPR

The testimony is also inadmissible under FRE 403:
« Extrinsic evidence has little “probative value”

*  "Undue reliance on extrinsic evidence poses the risk that it will be used to
change the meaning of claims in derogation of the ‘indisputable [intrinsic]
records’” Phillips v. AWH Corp, 415 F.3d 1303, 1318-19 (Fed. Cir. 2005) (en banc).

*  Samsung Elecs. Co. v. Netlist, Inc., IPR2022-00615, Paper 96, at 52-53 (PTAB Apr.
17, 2024) (dismissing motion to supplement with extrinsic evidence)

Paper 37 at 3-5 144
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EX2016 is impermissible hearsay and inadmissible under FRE 403
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UNITED STATES PATENT AND TRADEMARK OFFICE COURT

BEFORE THE PATENT TRIAL AND APPEAL EOARD

SAMSUNG ELECTRONICS COC., LTD.,
Petitioner,

VS .

NETLIST, INC.,
Patent Owner.

/

Case No.: IPR2022-00711

U.S5. Patent Number 10,860,506

REMOTE VIDEOTAPED DEPOSITION OF
ROBERT WEDIG, Ph.D
Thursday, January 1%, 2023

9:00 a.m. - 5:16 p.m. (PST)

Stenographically Reported By:
Kimberly Fontalwvo, RPR, CLR
Realtime Systems Administrator

NCRA, CCRA, FCRA

Veritext Legal Solutions
866 200-5127
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EX2016 is impermissible hearsay:

From a different IPR proceeding
FRE 801(d)(1) does not apply

* Netlist did not cross-examine the witness about EX2016.

*  There is no prior inconsistent testimony

FRE 801(d)(2) does not apply

*  "Since an expert witness is not subject to the control of the party opponent [i.e.,, Samsung] with respect
to consultation and testimony he or she is hired to give, the expert witness cannot be deemed an agent
li.e., of Samsung].” HTC Corp. v. Telefonaktiebolaget LM Ericsson, 12 F.4th 476, 489-90 (5th Cir. 2021).

FRE 106 does not apply

Netlist is the party trying to introduce EX2016, so only Samsung could rely on FRE 106, not Netlist

Samsung had no reason to object during Dr. Wedig’s deposition in
IPR2022-00711

FRE 804(b) does not apply

Netlist deposed the expert in this IPR. See EX2012.

EX2016 is inadmissible under FRE 403:

Cited testimony concerned different issues

Netlist deposed the same witness regarding the issues relevant to this
IPR. See EX2012.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE Paper 31; Paper 38 146
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EX2016 is inadmissible under 37 C.F.R. § 42.53(f)(5)-(6)

and 37 C.F.R. § 42.51(b)(1)(

) does not apply

EEEEEEEEEEEEEEEEEEEEE
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DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

EX2016 is inadmissible under 37
C.F.R. § 42.53(f)(5)-(6):

EX2016 lacks the witness’s
signature and corrections

The certificate shows the
witness did not refuse to read
or sign the transcript

37 C.F.R. § 42.51(b)(1)(iii) is not
an evidentiary rule and does not
permit the admission of EX2016

Paper 31; Paper 38 147
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