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Wednesday, January 4, 2023
9:04 a. m

--000- -

ANDREW WOLFE, PH. D
being first duly sworn or affirmed to testify

to the truth, the whole truth, and nothing but

the truth, was exam ned and testified as foll ows:

EXAM NATI ON

BY Ms. ZHONG 09: 04
Q Dr. Wlfe, can you pull up Exhibit 1032, 09: 04
Exhi bit 1029, Exhibit 1030. You have them on your 09: 05
| ocal conputer and -- 09: 05
THE REPORTER: |I'msorry, Ms. Zhong, |I'm 09: 05
having a difficult time hearing you. 09: 05
BY Ms. ZHONG 09: 05
Q Okay. Dr. Wl fe, can you pull up 09: 05
Exhi bits 1032, 1030 and 1029. 09: 05
(Exhibit 1029 was marked for 09: 05
identification and attached 09: 05
hereto.) 09: 05
(Exhibit 1030 was marked for 09: 05
identification and attached 09: 05
hereto.) 09: 05
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(Exhibit 1032 was marked for 09: 05

identification and attached 09: 05

hereto.) 09: 05

THE WTNESS: All three of them you want 09: 05

me to pull up? 09: 05

BY Ms. ZHONG 09: 05

Q Yes. You have them on your | ocal 09: 05

computer, correct? 09: 05

A | do. 09: 05

Q Okay. Let ne know when you have them 09: 05

A | have them 09: 05

Q What is Exhibit 1032? 09: 05

A. It is the PC2100 and PC1600, DDR SDRAM 09: 05

Regi stered DIMM D I-M M Design Specification, 09: 06

Revision 1.3 from January 2002. And we often refer 09: 06

to it as a version of JEDEC Standard 21-C. 09: 06

Q How does JEDEC Standard 21-C differ from 09: 06

Exhi bit 10307 09: 06

A. They are different documents descri bing 09: 06

di fferent things. 09: 06

Q What does Exhibit 1030 descri be? 09: 06

A. That is the JESD79 standard or 09: 06

specification fromJune 2000. And it describes 09: 06

vari ous aspects of doubl e-data-rate DRAM chi ps 09: 06

primarily. 09: 07
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Q Okay. So Exhibit 1030 is directed to the 09: 07
SDRAM s nenory device itself, correct? 09: 07
A. Primarily, yes. 09: 07
Q Ckay. And Exhibit 1032 describes the 09: 07
menmory nodul e | evel, correct? 09: 07
A For one particular type of menory nodul e, 09: 07
that is correct. 09: 07
Q Okay. So Exhibit 1032 describes in 09: 07
particular the registered DI MM nmenory nodul e, 09: 07
correct? 09: 07
A A particular type or a particular set of 09: 07
types of registered DI MM nmenory nodul es. There's 09: 07
other information in there as well, but that's its 09: 07
primary purpose. 09: 07
Q Okay. And the operation of DDR SDRAM 09: 08
device itself you refer to Exhibit 1030; is that 09: 08
ri ght? 09: 08
A. Exhi bit 1030 includes a nultitude of 09: 08
specific characteristic specifications for a 09: 08
packaged doubl e-data-rate SDRAM chip at that tine. 09: 08
Q Okay. Wiy don't we go to Exhibit 1032, 09: 08
page 16. 09: 08
A Okay. 09: 08
Q On page 16, |lower left corner, do you see 09: 08
a bunch of signals that's going into an el enent 09: 08
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called a register? Do you see that diagramthere? 09: 08
A | do see that diagram 09: 08

Q Ckay. And what is a register shown on 09: 09

page 16 of Exhibit 10327 09: 09
A. Well, what a register is always depends on 09: 09

cont ext . But in this particular context, that would 09: 09
be a conponent on this nodule that can tenporarily 09: 09
store signal val ues. 09: 09
So it would store the input val ues based 09: 09

on certain values of the PCK, which stands for 09: 09
cl ock, and PCK bar signals, and nmake those avail abl e 09: 09
at the outputs on the right. 09: 09
Q Okay. So the signals on the left of the 09: 09

regi ster are input signals that -- (indiscernible.) 09: 09
THE REPORTER: |'msorry, Counsel. [|I'm 09: 10

having a difficult time hearing you. One nore tine, 09:10
pl ease. 09: 10
BY Ms. ZHONG 09: 10
Q So the signals to the left of the el enent 09: 10

of register are input signals received by the D MM 09: 10
fromthe conputer system is that correct? 09: 10
A In this diagram the signals that are on 09: 10

the left of the box marked "Register"” would cone 09: 10
from-- they are input signals to the DIMM and in 09: 10
nost cases they would come froma conputer system 09: 10
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Q Okay. And the signals that's to the right 09: 10
of the box | abel ed "Register," those are output 09: 10
signals; is that correct? 09: 10
A From the perspective of this particular 09: 10
regi ster they are output signals. They would be 09: 11
i nput signals to sone other device. 09: 11
Q Okay. And so the signals to the right of 09: 11
the register are output signals fromthe perspective 09: 11
of the register and -- but they are input signals to 09: 11
t he SDRAM devices; is that correct? 09: 11
A They -- each of those would be an input 09: 11
signal to one or nore SDRAM devi ces. 09: 11
Q So the answer to my question is "yes"; is 09: 11
t hat correct? 09:11
A | don't know whether or not we're saying 09: 11
t he sane thing. 09: 11
The register will output each of the 09: 11
signals shown to the right of the register. Those 09: 11
are then provided -- but some are provided to sone 09: 11
SDRAM devi ces. Sone are provided to others. Sone 09: 11
are provided to all of them 09: 11
Q Okay. And there are different types of 09: 11
DIMVB; is that correct?
A In the world, that is true, there are 09:12
different type of DIMVs in the world. 09:12
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Q Okay. Are you famliar with a type of 09:12
DIMM called RRMM which | believe is specific to the 09:12
Rambus- desi gned nmenory nodul es? 09: 12

A. | don't recall it by that name, but there 09:12
were a nunmber of Ranmbus nenory nodules in the 09: 12
2000-2005 tine frame typically. 09:12

Q Okay. Do you recall what kind of input 09:12
signals do those RI MV receive? 09:12

A Not in detail. The RIMM-- the Ranbus 09:12
DRAM menory nodul es used a packetized comruni cati on 09: 13
schenme that used a narrower comruni cati on channel 09: 13
t han the nost conmmon other DIMVs at the tine. 09: 13

Q Okay. So, for exanple, the Ranbus nenory 09: 13
nmodul e -- let me rephrase that. 09: 13

So the Rambus DRAM nenmory nodul e do not 09: 13
receive, for exanple, chip select signal, band 09: 13
address signal, RAS bar, CAS bar, WE bar, and 09: 13
address this as shown on page 16 of Exhibit 1032; is 09: 13
t hat correct? 09: 14
MR. CHANDLER: Objection. Form 09: 14
THE W TNESS: Again, | would need to | ook 09: 14
at that specification to recall all the details. 09: 14
It's been 20-plus years since |I've read it. But ny 09: 14
recoll ection is that the sanme information was 09: 14
conveyed but not in the exact same physical form 09: 14
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BY Ms. ZHONG 09: 14
Q Ckay. Let nme see -- let nme introduce a 09: 14
docunent and see if this will jog your menory. 09: 14
(Exhibit 2100 was mar ked for 09: 15
identification and attached 09: 15
hereto.) 09: 15
BY Ms. ZHONG 09: 15
Q So, Dr. Wbl fe, can you please refresh your 09: 15
Exhi bit Share |ink? 09: 15
A Yes. 09: 15
Q And do you see a newy nmarked 09: 15
Exhi bit 2001 -- 2100, EX2100? 09: 15
A. EX2100. 09: 15
Q Yes. Can you please open it or downl oad 09: 15
it. 09: 15
A Okay. 09: 15
Q Exhibit 21 -- okay. Do you have it? 09: 15
A I do. 09: 15
Q So Exhibit 2100 is a Sansung data sheet 09: 15

for RRMM R-I-MM nodule based on 256 negabits or

288 megabits, 32 bank, 16K/ 32ns Rambus DRAMs.
Can you go to pages 2, 3, 4, and take a 09: 16
| ook. 09: 16
MR. CHANDLER: And, Annita, |let ne just 09: 16
| odge an objection to the exhibit. |It's -- appears 09: 16
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to be outside the scope of his declaration. Also 09: 16
doesn't appear to be -- it doesn't appear to be 09: 16
evidence that | can -- appears to be hearsay. 09: 16
BY Ms. ZHONG 09: 16
Q Dr. Wl fe, can you please take a | ook at 09: 16
pages 2 through 4. 09: 16
A | see them 09: 16
Q Okay. The signals |isted on pages 2 09: 16
through 4, the input signals to the DIMVM for this 09: 16
particul ar DI MM 09: 16
A l"'msorry, | didn't understand the 09: 17
guesti on. 09: 17
Q So on page 2 through 4 there are a number 09: 17
of pins listed on those pages, correct? 09: 17
A. They are called pads in this case. But 09: 17
there are a nunber of connections to a nodul e that 09: 17
are described on these pages. 09: 17
Q Okay. So the pads that's listed on those 09: 17
pages are the -- how do you say? -- the input and 09: 17
out put pads for the -- for the nenory nodule; is 09: 17
t hat correct? 09: 17
A Some of them probably are. To get into 09: 17
the details, | think, requires review ng other 09: 17
docunents. 09: 17
Q Okay. Can you tell me which pin would be 09: 17
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check select signal coming in fronf 09: 18
A Not from a cursory review of this document 09: 18

I can't, no. There are other docunents, the ones 09: 18
intended to review together with this, that describe 09: 18
how t hese signals are used in nore detail. 09: 18
Q Okay. Do you see any reference to chip 09: 18

sel ect signal here in this docunent? 09: 18
A There may or may not be. Again, | 09: 18
don't -- | don't know the definition of the 09: 18
functionality of every pin fromthis docunent al one. 09: 18
There are other documents that were 09: 18

supplied at the time by Ranmbus that woul d descri be 09: 18
how each pin was used. And for this particular kind 09: 18
of a DIMM ny recollection was that the DIMWs -- 09: 18
that pins or pads had nmultiple functions. 09: 18
Q Okay. Are the signals -- you nentioned 09: 19

that for Ranbus nenory nodul e the address and the 09: 19
control signals are packetized; is that correct? 09: 19
THE REPORTER: l'msorry, are what? |'m 09: 19

sorry, Counsel, the |last part of your question? 09: 19
BY Ms. ZHONG 09: 19
Q You nentioned that the Ranmbus nenory 09: 19
nodule -- let me withdraw and reask. 09: 19
So in the Ranbus nenory nodul e, the 09: 19

control and address information is packetized; is 09: 19
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that correct? 09: 19
MR. CHANDLER: Objection. Form 09: 19

THE W TNESS: That was my recoll ection as 09: 19

to certain Ranmbus nenory nodules that | was famliar 09: 19
with in the early 2000s. I don't know, from what 09: 19
|'ve seen here right now, whether or not this 09: 20
particular nodule is consistent with the ones that | 09: 20
previ ously studi ed. 09: 20
BY MS. ZHONG 09: 20
Q And how does a packetized control and 09: 20
address information differ fromthe signaling 09: 20
protocol that we see on page 16 of Exhibit 10327 09: 20
A There are simlarities and there are 09: 20
differences, and it woul d depend on the specifics of 09: 20
the specific situation. 09: 20
But | think that the biggest difference is 09: 20

that in the Rambus protocols that | was famliar 09: 20
with at the tine, there was -- there were nore pins 09: 20
that had multiple functions. 09: 20
Q So is there a discrete chip sel ect signal 09: 21

as in Exhibit 10327 09: 21
A Does what have a discrete chip sel ect 09: 21

si gnhal ? 09: 21
Q Let ne put it this way. Wen the control 09: 21

and address information is set by the conputer 09: 21
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system -- |et nme reask. 09: 21
What do you nean by the control and 09: 21

address information is packetized? 09: 21
A " mnot sure what you're referring to. 09: 21

Q Well, you said in the Ranbus nmenory nodul e 09: 21

the control and address information is packetized, 09: 21
correct? 09: 22
A | don't recall if that's exactly what | 09: 22
said. But in the Ranmbus nmenory nodul es that | was 09: 22
famliar with at one point in time, which again are 09: 22
only a subset of the Ranbus products, the control 09: 22
and address -- as best as | can recall, | don't have 09: 22
that protocol in front of me -- the control and 09: 22
address data woul d be broken up into chunks, | 09: 22
believe, 8 bits at a time, and sent as a sequence 09: 22
over a limted nunmber of wires and then 09: 22
reconstituted on the nodule itself into individual 09: 22
si gnal s. 09: 22
Q Ckay. So in the Ranmbus nmenory nodul e t hat 09: 22

you are famliar with fromthe early 2000s, the 09: 22
control and address information is set in bits and 09: 22
reconstituted by a | arger conponent on the nenory 09: 23
nmodul e; is that correct? 09: 23
MR. CHANDLER: Object to form 09: 23

THE W TNESS: Now, first understanding 09: 23
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clearly that this is -- that the nodule in 09: 23
Exhi bit 2100 is not one that I'mfamliar wth. 09: 23
But ny recollection is that, as | stated 09: 23

before, that in the Ranmbus protocol for the devices 09: 23
that | was famliar with, control and address 09: 23
i nformati on woul d be sent along a relatively narrow 09: 23
channel as a sequence of packets and then 09: 23
reconstituted into individual signals by the logic 09: 23
functions on the -- within the Ranbus chi ps. 09: 24
BY Ms. ZHONG 09: 24
Q Okay. 09: 24

A But again, | haven't seen those docunents 09: 24
inalong tinme, sol really can't tell you any of 09: 24
the details about it w thout review ng them again. 09: 24
Q When you say "reconstituted into 09: 24

i ndi vidual signals by the logic function within the 09: 24
Rambus chi ps," what do you mean by "reconstituted"? 09: 24
A. Again, it's been a long tine since | 09: 24
reviewed this protocol. But ny best recollection is 09: 24
that the individual selection signals to select 09: 24
colums, rows, banks, and die would be reconstituted 09: 25
within some | ogic somewhere on the nmenory nodul e. 09: 25
Q So the formin which the [ ogic function 09: 25
receives the information fromthe nmenory system -- 09: 25
et me withdraw it and reask. 09: 25

Page 19

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

So the input -- inputs that the logic 09: 25

function receives fromthe conmputer systemdiffers 09: 25
fromthe output of that logic function; is that 09: 25
correct? 09: 25
MR. CHANDLER: Object to form 09: 25

THE WTNESS: | don't understand your 09: 25

guesti on. 09: 25
BY Ms. ZHONG 09: 25
Q Whi ch part don't you understand? 09: 25

A I don't understand what the question is. 09: 25

Q So the logic function on the Rambus DI MVs 09: 26

that you are familiar with receives packetized 09: 26
control and address information; is that correct? 09: 26
A In a very general sense. Again, | 09: 26
haven't -- | haven't reviewed that protocol in 09: 26
decades. 09: 26
Q Okay. And that logic function then 09: 26
reconstitute those that receive the packetized 09: 26
informati on and generates signals for output to the 09: 26
DRAMs; is that correct? 09: 26
MR. CHANDLER: Objection. Form 09: 26

THE W TNESS: Yeah, it depends how you're 09: 26

defining some of those terns. |'mnot sure what -- 09: 26
what -- | nean | answered the question using 09: 26
| anguage | was confortable with, but | don't know 09: 26
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how -- what -- how you're defining some of the words 09: 26
i n your question. 09: 26
BY Ms. ZHONG 09: 27
Q Whi ch words don't you understand? 09: 27
A. Can you go through your question again? 09: 27
In particular, | don't understand what you nmean when 09: 27
you say the signals go to the DRAM 09: 27
Q And the logic function on the Ranbus 09: 27
menmory nodul e you're famliar with then 09: 27
reconstitutes the control and address information 09: 27
that it receives and it generates output signals; is 09: 27
that correct? 09: 27
A It depends what you nean by out put 09: 27
signals. But in the very broadest sense where there 09: 27
is at least sonme logic gate that outputs that 09: 27
signal, that would be true based on my recoll ection 09: 27
wi t hout review ng the protocol. 09: 27
Q Okay. And the signals that are output by 09: 27
the logic function, where do they go? 09: 27
A. | don't remenber. Again, | haven't seen 09: 28
this design in decades. |'d have to see the actual 09: 28
design to give you any nore details. 09: 28
Q Do they go to the nenory devices on the 09: 28
nmodul e? 09: 28
A Like | said, | don't -- | don't recall. 09: 28
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Q And is the -- and is the information 09: 28
that's output by the logic function still 09: 28
packeti zed? 09: 28

MR. CHANDLER: Objection. Form 09: 28
THE W TNESS: \Where and when? 09: 28
BY Ms. ZHONG 09: 28

Q Par don? 09: 28

A Where and when? 09: 28

Q You nmention that the logic function would 09: 28
take the packetized control and address information 09: 29
it receives and reconstitute to generate the out put 09: 29
signal. So is that output signal still packetized? 09: 29

MR. CHANDLER: Objection. Form 09: 29

THE W TNESS: Again, you know, at sone 09: 29

point the details becone inportant and we have to 09: 29
| ook at an actual circuit and | ook at an exact spot 09: 29
in the circuit. 09: 29
But eventually those -- that infornmation 09: 29

about control and addresses is not in the sanme 09: 29
packetized formthat it is transmtted over the 09: 29
Rambus channel . But -- but, you know, it still -- 09: 29
it's sequential. But at sonme point we would 09: 29
probably not describe it as packetized anynore. 09: 29
BY Ms. ZHONG 09: 29
Q Okay. So when the information is sent to 09: 29
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the DRAM is it still packetized? 09: 30
MR. CHANDLER: Objection. Form 09: 30

THE WTNESS: We need to | ook at an actual 09: 30

circuit. I'mnot sure what -- we'd have to identify 09: 30
exactly where we're tal king about and draw 09: 30
boundari es around what you're calling the DRAM and 09: 30
what you're not. 09: 30
And again, | don't -- | don't recall the 09: 30

exact signal paths on those chips from 20 years ago. 09: 30
BY MS. ZHONG 09: 30
Q Okay. What about in Perego, what kind of 09: 30
address control information format does Perego stem 09: 30
receive? 09: 30
Let me withdraw and ask -- reask. 09: 30

So the Perego, P-R-E-G O [sic], what kind 09: 30

of address control information -- 09: 31
MR. CHANDLER: Just to be clear, Annita, 09: 31
P-E-R-E-G O The transcript picked it up the wong 09: 31
way, so | think the primary reference was 09: 31
m sspel | ed. 09: 31
BY Ms. ZHONG 09: 31
Q Okay. Then let nme just withdraw and 09: 31
reask. 09: 31
So for Perego, which | believe is 09: 31

Exhi bit 1034 -- 09: 31
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A 1035. 09: 31
(Exhibit 1035 was marked for 09: 31
identification and attached 09: 31
hereto.) 09: 31
BY Ms. ZHONG 09: 31
Q 1035. So Exhibit 1035, Perego, 09: 31
P-E-R-E-G-O, in what format is the control address 09: 31
i nformati on received fromthe conputer system by 09: 31
Perego's nmenory nodul e? 09: 31
A "' mnot sure what you nmean by format. 09: 31
Perego contenplates a wide variety of different 09: 31
menmory technol ogi es, including various kinds of 09: 32
menory, including synchronous DRAMs, DDR DRAMs, 09: 32
di rect Ranmbus nenory devices, XDR nenory devices, 09: 32
SRAM which stands for static RAM ferroelectric 09: 32
RAM magnetoresi stive RAM flash nenory or ROM 09: 32
And while there are certain 09: 32
characteristics of the DIMMthat are described in 09: 32
vari ous enbodi nents, | don't think that there's a 09: 32
particular format that's required for all those 09: 32
di fferent nmenory types. 09: 32
Q Does Perego ever describe that its DIMM 09: 32
received the type of information as shown in 09: 32
Exhi bit 1032, page 167 09: 33
A As | said, Perego contenplates a variety 09: 33
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of different input specifications. 1In fact, that's 09: 33
one of the whole points of Perego is that it 09: 33
contenplates a wide variety of different DI MM 09: 33
connection w dths. 09: 33
Q But the DI MM - - 09: 33

A It does describe conventional DI MM 09: 33
nmodul es. | don't recall off the top of ny head 09: 33
whet her or not he specifically refers to the nodul e 09: 33
that is described in JEDEC Standard 21-C. That was 09: 34
di sclosed in the IDS for Perego. 09: 34
And certainly a person of ordinary skill 09: 34

in the art at the tinme would have been famliar with 09: 34
JEDEC Standard 21-C. And | think that it is 09: 34
consi stent with and conpatible with Perego, but I 09: 34
don't recall a specific disclosure of using that 09: 34
exact standard together w th Perego. 09: 34
Q And Perego actually does not want to use 09: 34

the control and address bus architecture? |t noves 09: 34
for the point-to-point connection architecture; is 09: 35
that correct? 09: 35
A. Are you pointing -- are you tal king about 09: 35

a specific statenent in Perego? | -- | -- that 09: 35
doesn't ring a bell at the nonent. 09: 35
Q What ki nd of architecture does Perego use? 09: 35

A What do you mean by architecture? 09: 35
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Perego describes architecture as including 09: 35

a configurable width buffered nodul e having a 09: 35
configurable wi dth buffer device. 09: 35
Q And it's using a point-to-point connection 09: 35
instead of a nultidrop bus connection; is that 09: 35
correct? 09: 35
MR. CHANDLER: Objection. Form 09: 35

BY Ms. ZHONG 09: 36
Q Dr. WIfe, can you answer the question? 09: 36

A I"mlooking. | nean, certainly at |east 09: 36

the bul k of the enbodi ments in Perego connect to the 09: 36
conputer with a point-to-point connection. | don't 09: 36
recall whether or not there's any indication 09: 36
limting Perego to a point-to-point connection. 09: 36
And certainly JEDEC Standard 21-C can be 09: 36
conpatible with a point-to-point connection such as 09: 36
Per ego. 09: 36
Q Perego actually specifically only mentions 09: 37
packeti zed signaling, correct? 09: 37
A I'd have to go back through the entire 09: 37
reference to confirmthat. That's certainly -- 09: 37
Q Why don't you | ook at -- 09: 37

A -- not true because -- 09: 37

THE REPORTER: |'msorry, one at a tine, 09: 37

pl ease. 09: 37
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BY Ms. ZHONG 09: 37
Q Can you please a |look at Exhibit 1035, 09: 37
colum 9, line -- 09: 37
MR. CHANDLER: | don't think he was 09: 37

finished. 09: 37
THE WTNESS: | didn't finish my previous 09: 37

answer. | disagree with your previous answer -- 09: 37
with your previous question. 09: 37
So colum 9, 537 09: 37

BY Ms. ZHONG 09: 37
Q Colum 9, lines 50 to 53. 09: 37

A Yes. 09: 38

Q What kind of a format is the control 09: 38

i nformati on/ address information provided in this 09: 38
di scl osure? 09: 38
A Well, this is a disclosure in accordance 09: 38

with an embodinent. And in this particular 09: 38
enbodi ment, information -- control information and 09: 38
addresses are contained in packets. 09: 38
Q Ckay. And can you also take a | ook at 09: 38
colum 13, lines 49 to 59. 09: 38
In what format is the control and address 09: 38

i nformati on provided in this disclosure? 09: 38
A This is -- well, let me make a nunber of 09: 39
conmments about this. One, this is, again, an 09: 39
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enbodi ment. Also, it's filled with perm ssive 09: 39
| anguage. But this says any nultipl exed conbination 09: 39
of control, address infornmation, and data intended 09: 39
for nmenory devices. 09: 39
And, of course, the traditional D Mvs |ike 09: 39

JEDEC Standard 21-C do use nultipl exed conbi nations 09: 39
of control, address and dat a. 09: 39
Q And in the -- in the traditional DIMM is 09: 39

the rmultiplex control and address information 09: 39
denmuxed from the data? 09: 40
THE REPORTER: |'m sorry, Counsel. The 09: 40

| ast part of your question? 09: 40
MS. ZHONG Demux, D-E-M U-X 09: 40

THE WTNESS: No, not in a traditional 09: 40

DI MM t hat woul d be conpliant with JEDEC Standard 09: 40
21-C. It would not have that characteristic. 09: 40
BY Ms. ZHONG 09: 40
Q Ckay. So this is not really describing a 09: 40
standard JEDEC conpliant DI MM control and address 09: 40
signaling protocol, correct? 09: 40
MR. CHANDLER: Objection. Form 09: 40

THE WTNESS: No, | think that's 09: 40
incorrect. As | said, this is an enbodi nent. It's 09: 40
perm ssive. And the | anguage that you asked about 09: 40
in your question is only in a "for exanple." So | 09: 40

Page 28

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

think that it -- 09: 41
BY Ms. ZHONG 09: 41
Q  \Well, okay -- 09: 41

A |'"msorry, you can't keep interrupting ny 09: 41
answers. 09: 41
Q You are not answering my question. So 09: 41
let's try it again. 09: 41
So in the specific exanple -- 09: 41

A I"'msorry, | didn't finish answering the 09: 41

| ast question. |If you're not going to | et ne answer 09: 41
them could you please strike the questions? 09: 41
Q So in the specific exanple given here, we 09: 41
agree that a standard JEDEC conpliant DI MM does not 09: 41
performthe step of extracting address and control 09: 41
information fromthe data; is that correct? 09: 41
MR. CHANDLER: Objection. Form 09: 41

THE W TNESS: When you say "here," exactly 09: 41

what |ine are you tal king about? 09: 41
BY Ms. ZHONG 09: 41
Q For exanple, colum 13, lines 49 through 09: 42

54. Do you see the discussion of extracting address 09: 42
and control information fromthe data? Do you see 09: 42
t hat di scl osure? 09: 42
A On lines 53 and 54 | see -- 09: 42

Q Okay. 09: 42
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A -- a permissive statenment that says "which 09: 42

may, for exanple, extract the address and control 09: 42
information fromthe data."” 09: 42
Q Ckay. And does the standard JEDEC 09: 42
conpliant nmenory nodul e extract address and control 09: 42
information fromthe data? 09: 42
MR. CHANDLER: Objection. Form 09: 42

THE W TNESS: There are many JEDEC 09: 42

st andar ds. 09: 42
BY Ms. ZHONG 09: 42
Q Are you aware of any that actually does 09: 42

t his? 09: 43
A | don't recall one way or another. 09: 43

Q Are you aware of any JEDEC conpli ant 09: 43
menory nodul e when the signaling scheme that you 09: 43
relied on in your declaration that actually does the 09: 43
extraction of address and control information from 09: 43
t he data? 09: 43
MR. CHANDLER: Objection. Form 09: 43

THE WTNESS: | don't recall any JEDEC 09: 43

standard that | relied on as an exhibit for ny 09: 43
decl aration that extracts the address and control 09: 43
information fromthe data. 09: 43
BY Ms. ZHONG 09: 43
Q Okay. And do you recall of any JEDEC 09: 43
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standards you relied on in which control information 09: 44
and address information is decoded and separ at ed 09: 44
fromnmultiplex data? 09: 44
MR. CHANDLER: Objection. Form 09: 44
THE WTNESS: | don't recall that being in 09: 44
any of the JEDEC specifications that | relied on as 09: 44
exhibits to ny declaration. 09: 44
BY Ms. ZHONG 09: 44
Q Do you recall that being the case in any 09: 44
of the exhibits that you relied on? 09: 44
A. Well, sure. It's in Perego. 09: 44
Q Okay. So aside from Perego, do you recall 09: 44
whet her any of the nmenory nodules in any references 09: 44
ot her than Perego that actually does control 09: 44
i nformati on, address information, decoding and 09: 45
separation fromnultiplex data? 09: 45
A I don't recall one way or the other. 09: 45
THE REPORTER: Ms. Zhong, could you sit up 09: 45
so | can see you? It would make it easier to hear 09: 45
you. Thank you. 09: 45
MS. ZHONG. It may be difficult because 09: 45
that's taking away from-- that's kind of forcing ne
to face away from the phone.
Q Can you turn to colum 21, line 46 to 507 09: 46
A Of Perego? 09: 46
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Q  Yes. 09: 46
Ckay. 09: 46

Q Ckay. So in the specific exanple here, 09: 46
again it is discussing this decodi ng packetized 09: 46
transm ssion fromcontroller; is that correct? 09: 46
A. Col umm 21, lines 46 through 50, does talk 09: 46
about an enbodi mrent where repeaters decode packets 09: 46
transmtted fromthe controller which are then 09: 46
directed over one or nore, or none of repeater 09: 46
['inks. 09: 47
Q Okay. So do any of the JEDEC 09: 47
specifications you relied on utilize packetized 09: 47
transm ssion fromcontrollers? 09: 47
A Yes. If you -- if you use that term 09: 47
broadly, yes. 09: 47
Q When you say "use that term broadly," what 09: 47

do you nean? 09: 47
A There are packets that are transmtted 09: 47
fromcontrollers to nmenory nodul es in DDR SDRAM 09: 47
desi gns. 09: 47
Q It's transmtted to DDR SDRAM What about 09: 47

to the module? 1s it also packetized? 09: 47
A There are portions of the information that 09: 47

are packeti zed. 09: 47
Q Can you please give me an exanple with 09: 47
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reference to Exhibit 1032 which portion is 09: 47
packeti zed. 09: 47
A. Well, the protocol is not described in 09: 47
Exhibit 1032. 1032 is about the physical structure 09: 48
of the nmodule. So you need to read that together 09: 48
with other documents to understand the protocol. 09: 48
Q So which docunents indicate there is 09: 48
packeti zed control and address information being 09: 48
sent fromthe -- fromthe controller? 09: 48
A Well, that's a different question than you 09: 48
asked before. 09: 48
Q Okay. So when you say there's packetized 09: 48
transm ssi on, what kind of information was 09: 48
packeti zed? 09: 48
A The one |'mfanmliar with off the top of 09: 48
my head is -- are data bursts. 09: 48
Q What about control and address 09: 48
information? So in the JEDEC standards you relied 09: 48
on, is any of the control and address infornation 09: 48
packetized and transmtted fromthe controller to 09: 48
t he DI MVs? 09: 48
A | don't recall. It wasn't inportant to ny 09: 49
analysis, so | haven't | ooked. 09: 49
Q Sitting here today, are you aware of any 09: 49
JEDEC standards at the tine of the invention that 09: 49
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actually used packetized transm ssion of control and 09: 49
address information? 09: 49
A. | don't recall one way or another. There 09: 49
are lots of JEDEC standards at the tinme that | was 09: 49
famliar with, and there are lots of pages in them 09: 49
and that's a very narrow i ssue that was not rel evant 09: 49
to ny analysis in. 09: 49
Q And you cannot point to any of the 09: 49
exhibits you relied on that actually discusses 09: 49
packeti zed transm ssion of a control and address 09: 49
information for a JEDEC conpliant nenory nodule; is 09: 49
that correct? 09: 50
A | can't point to one right now off the top 09: 50
of ny head, no. 09: 50
Q And for a packetized control and address 09: 50
information that's being sent fromthe controller, 09: 50
logic on the nmenory nodule will need to decode them 09: 50
and reconstitute those signals; is that correct? 09: 50
A. Not necessarily, no. 09: 50
Q Wy not? 09: 50
A. It may not be necessary to decode those 09: 50
si gnal s. 09: 50
Q So if on the -- so if on the nenory nodul e 09: 50
the nmenory nodul e uses JEDEC conpliant SDRAMs, do 09: 50
t hose information need to be decoded and 09: 50
Page 34

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

depacketi zed? 09: 51
A It would depend whi ch DRAM and how t he 09: 51
informati on was encoded in the first place. 09: 51
Q The DDR2, DDR SDRAM specification you 09: 51
relied on, those DRAMs. Do they receive packetized 09: 51
i nput ? 09: 51
A They can receive packetized data inputs. 09: 51

Q Can they receive packetized control and 09: 51
address i nputs? 09: 51
A | haven't | ooked to see whether or not 09:51

t hey sonetimes do or not. 09: 51
Q Well, you are the expert here. You cited 09: 51

t hose docunents, specification. 09: 51
What kind of a control and address 09:51

i nformati on do those JEDEC conpliant DDR and DDR2 09: 51
menory devices receive? 09: 51
A There's not a single name for it. That's 09: 51

why we use a 80-page docunment to describe the 09: 52
protocol. There's a conplex protocol for those 09: 52
signals and it is described in docunents. 09: 52
So, for exanple, Exhibit 1029 descri bes 09: 52

t he address and control protocols for DDR2 DRAM 09: 52
devices at the tine. 09: 52
Q So point me to somewhere in Exhibit 1029 09: 52
where the control and address information for the 09: 52
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SDRAM i s received as a packet. 09: 52
A | haven't done that analysis. 09: 52

Q Well, you're famliar with the document, 09: 52
right? 09: 52
A I am 09: 52

Q And you know what a POSI TA woul d have 09: 52
known in 2004 and 2005, correct? 09: 53
A Wth respect to the '912 patent, yes. 09: 53

Q And al so with respect to what they woul d 09: 53

have known regarding the JEDEC standards, correct? 09: 53
A Yes. 09: 53

Q Okay. So froma POSI TA s perspective, 09: 53
woul d they have known that the SDRAMs that's 09: 53
conpliant with JEDEC woul d receive packetized 09: 53
control and address information? 09: 53
A It depends how you define "packetized." 09: 53
There are packetized aspects to it. 09: 53
Q What's your definition of packetized? 09: 53

A. It depends on context. And there was just 09: 53

no need to have a definition with respect to the 09: 53
JEDEC standards. The actual information is 09: 53
di scl osed in the docunents. So there was no need 09: 53
for me to characterize it as packetized or 09: 53
nonpacketi zed. 09: 54
Certainly there are packets and 09: 54
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i nformati on that are sent. So, for exanple, the 09: 54
activate command is sent separately fromthe read 09: 54
command. And one could consider those to be packets 09: 54
in certain contexts. 09: 54
Q I n what context would they be considered 09: 54
to be packetized? 09: 54
A I f you define packets as bundl es of 09: 54
information that are sent at different tines on the 09: 54
sane wire, which would be a pretty conmon gener al 09: 54
definition of that term 09: 54
Q Why don't you go to your declaration, page 09: 54
93, Table 10. 09: 54
A Okay. 09: 54
THE REPORTER: Counsel, what exhibit 09: 54
nunber is that? 09: 55
BY Ms. ZHONG
Q So in Table 10 --
THE REPORTER: Counsel, what exhibit
nunber is that?
M5. ZHONG  Exhi bit 1003. 09: 55
(Exhibit 1003 was nmarked for 09: 55
identification and attached 09: 55
hereto.) 09: 55
THE W TNESS: Ckay. 09: 55
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BY Ms. ZHONG 09: 55
Q So in Table 10, for each of the row lists 09: 55

t he signals needed for a particular operation; is 09: 55
that correct? 09: 55
MR. CHANDLER: Objection. Form 09: 55

THE WTNESS: Wth respect to a particular 09: 55

set of commands for nenory devices that are 09: 55
consistent with Exhibit 1029, that is correct. 09: 56
BY MS. ZHONG 09: 56
Q Okay. Are those signals received in 09: 56
packeti zed fornr 09: 56
MR. CHANDLER: Objection. Form 09: 56

THE W TNESS: Again, it depends how you 09: 56

define packetized form But in the broad sense of 09: 56
the word "packetized," sonme of them are. 09: 56
BY Ms. ZHONG 09: 56
Q Whi ch ones are? 09: 56

A A15 through AO. 09: 56

Q You nean like the address bits? 09: 56

A Well, A10 is -- 09: 56

Q Go ahead. 09: 56

A. Al0 is both an address bit and a control 09: 56

bit depending on howit's used at various tinmes. So 09: 56
there are multiple pieces of information that are 09: 56
transmitted in -- in bursts along those wres. 09: 56
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O her information |i ke the bank address, 09: 57

al though it's shown in this table in a very sinple 09: 57
form is actually only valid at -- at certain tines. 09: 57
There are al so commands that are not 09: 57

listed in this portion of the table. 09: 57
Q Are there separate address pins on which 09: 57

the information is sent? 09: 57
MR. CHANDLER: Objection. Form 09: 57

THE WTNESS: On which what information is 09: 57

sent ? 09: 57
BY MS. ZHONG 09: 57
Q So that's separate address pins AO through 09: 57

Al5; is that correct? 09: 58
A Menory devices that are conpliant with 09: 58

Exhi bit 1029 do have distinct pins for AO through 09: 58
Al5. 09: 58
Q So the information listed in each rowis 09: 58

sent in parallel on each of the discrete pins; is 09: 58
t hat correct? 09: 58
A. In Table 10 the information -- no, | don't 09: 58
believe that that's -- let's see. 09: 58
Let's see. In a bank activate conmand - - 09: 58

I'mnot sure | understand the question. 09: 58
Each conmand works a little bit 09: 59
differently. And the information that's in Table 10 09: 59
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woul d be triggered by the sane cl ock edge would be a 09: 59
nmore precise way to say it. 09: 59
Q But the CS bar, RAS bar, CAS bar, and WE, 09: 59

you don't contend those are packetized signals, 09: 59
correct? 09: 59
MR. CHANDLER: Objection. Form 09: 59

THE W TNESS: Again, it depends how you 09: 59

define "packetized." But -- 09: 59
BY MS. ZHONG 09: 59
Q What's your definition of "packetized"? 09: 59

A Wll, | think it depends on context. 10: 00

Q Well, in the context of DRAMs or DI MVs, 10: 00
what's the definition of packetized? 10: 00
A | don't think it has a single definition 10: 00

for -- for the entire field of DRAMs or DIMVs. It's 10: 00
a word that can be useful in describing certain 10: 00
things. But we tend to use nmuch nore precise 10: 00
descriptions such as the timng diagranms that are 10: 00
provided in Exhibit 1029. 10: 00
Q When you say the Ranbus nenory nodul es you 10: 00

are famliar with were using packetized format for 10: 00
the control and address information, what did you 10: 00
mean? 10: 00
A There I'mreferring to the way Ranmbus used 10: 00

that termin their comrercially avail able 10: 00
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information at the tinme, which was that they used a 10: 01
si ngl e communi cati on channel to provide bundl es of 10: 01
i nfformati on that could include control, address or 10: 01
data sharing the same channel at that tinme. 10: 01
Q And that differs from how JEDEC conpli ant, 10: 01
for exanple, registered DI MM operates; is that 10: 01
correct? 10: 01
A JEDEC conpliant registered DI MV such as 10: 01
the ones in JESD21-C do not use the precise sane 10: 01
protocol as the commercial Ranbus DIMVs that |'m 10: 01
famliar with fromearlier. 10: 01
Q What about SODI MV? Do they use sonething 10: 01
simlar to what the Ranmbus does? Like JEDEC 10: 01
conpliant small-outline DI Mvs, do they use protocol 10: 02
simlar to what Ranmbus uses? 10: 02
A There are many varieties of SODI Mvs t hat 10: 02
have been through the years. 10: 02
Q Are you aware of any small outlying DI Mvs 10: 02
that's JEDEC conpliant and uses Rambus packeti zed 10: 02
control and address information signaling protocol ? 10: 02
A. | don't know one way or the other. [|I'm 10: 02
not aware of one off the top of my head. 10: 02
Q Okay. What about at the tinme of 10: 02
i nvention, which is 2004 and 2005 tine period? Are
you aware of any JEDEC conpliant menory nodul e that
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uses Rambus packetized signaling scheme?

A | don't know one way or the other. 10: 03
Q Can you think of any? 10: 03
A | just am not aware of whether or not -- 10: 03
|'m aware of menmory nodul es that used it. | just 10: 03
don't know off the top of ny head whether or not 10: 03
there was a correspondi ng JEDEC standard at the 10: 03
time. 10: 03
Q Whi ch ones are you thinking of? 10: 03
A | don't renenmber them by nane. But | can 10: 03
go to a nunmber of different nmenory nodel 10: 03
manuf act urers and get Rambus conpliant nenory 10: 03
nmodul es in the 2000 to 2005 tinme period. 10: 03
Q "' mnot tal ki ng about Ranbus conpliant. 10: 03
I'mtal king about JEDEC conpliant menory nodul es. 10: 03
A VWhat | said is | don't know whether or not 10: 03
there's a correspondi ng JEDEC standard off the top 10: 03
of ny head. 10: 03
Q For the JEDEC standards you relied upon, 10: 04
are you aware of any nodul es that actually used 10: 04
packeti zed signaling schene that a Rambus used? 10: 04
A. For the JEDEC standards that | relied on 10: 04
as exhibits to my declaration, |I'mnot aware of any 10: 04
of them using a Ranmbus conpliant signaling protocol. 10: 04
Q Can you point me to an express disclosure 10: 04
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in Perego where it said that it's using JEDEC 10: 04
signaling scheme on a nodul e | evel ? 10: 04
A. | don't think I am aware of, right now, of 10: 06

an express disclosure in Perego that one would use a 10: 06
JEDEC conpliant menory nodul e by nane. 10: 06
There are sinply a |lot of disclosures in 10: 06

Perego about the breadth of applicability and the 10: 07
characteristics of the nenory nodul e that would | ead 10: 07
a person of ordinary skill to understand that a 10: 07
JEDEC conpliant nmenory nodule is conpatible with the 10: 07
i nvention described in Perego. 10: 07
Q Okay. Does a JEDEC conpliant nmenory 10: 07
nodul e have configurabl e buffer w dth? 10: 07
THE REPORTER: |'m sorry, configurable? 10: 07

MS. ZHONG Buffer, B-U F-F-E-R, wi dth, 10: 07

W1 -DT-H. 10: 07
THE REPORTER: Thank you. 10: 07

THE W TNESS: Not ordinarily. So one 10: 07

woul d need then to incorporate that teaching from 10: 07
Perego into the JEDEC nodul e. 10: 08
Al so there are many teachings in Perego 10: 08

that apply to a fixed width buffer as well as a 10: 08
configurable one as well. So there's no requirenment 10: 08
to inplenment all the teachings of Perego that you 10: 08
have the ability to configure the buffer width as 10: 08
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opposed to sinply selecting one in advance. And if 10: 08
you sel ected one in advance, then it would be nuch 10: 08
closer to the existing JEDEC nodules at the tine. 10: 08
BY Ms. ZHONG 10: 08
Q What's the bit width of JEDEC conpli ant 10: 08
menmory nodul es at the tinme? 5647 10: 08
A There were many different kinds that are 10: 08
contenpl ated. JESD21 is exenplary, and it talks 10: 08
about wi dths of 64 and 72. 10: 09
But if you | ook at the underlying 10: 09

standards for the chips, JESD79-2, for exanple, or 10: 09
JESD79, they contenplate capability probably 10: 09
everywhere from4, 8, 16, 32, 64, or even nore. 10: 09
Q Did you cite any JEDEC nodul e standard 10: 09

with x4, x8, x16 bit wi dth? 10: 09
A I don't recall if |I cited a specific 10: 09
nodul e standard. One woul d understand that fromthe 10: 09
chi p standards. 10: 09
Q | ' masking you are you aware of any JEDEC 10: 09
standards at the tine that specifies a x4, x6, x8, 10: 10
x16 menory nodul e wi dth? 10: 10
A Yes, but | can't give you the specific 10: 10
standard nunber off the top of ny head. 10: 10
Q Are those for the DRAMs DI MVB? 10: 10

A They are for DRAM DI Mvk. 10: 10
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Q And what was the width; do you recall? 10: 10

Not specifically, but | do recall that 10: 10

t hey were x8 DI MVs. 10: 10
Q And what kind of chip would they use? 10: 10

A. A variety of different kinds of DRAM chips 10: 10
dependi ng on the date. 10: 10
Q So they can be x16 DRAM chi ps? 10: 10

A Not on a x8 nodule, no. A x8 nmodul e would 10: 10

use x1, x4, or x8 chips. 10: 10
Q VWhen was that extended; do you have any 10: 11
recol | ection? 10: 11
A It was in the 1990s, but | don't recall 10: 11

the exact dates. |t may have been | ater. 10: 11
Q Okay. Are you aware of any JEDEC 10: 11
standards in the early 2000s that use -- still use 10: 11
x8, x16 menory nodul e wi dths? 10: 11
A. Well, as | said, those are contenplated in 10: 11
JESD79-2. The physical dinmensions of the nodule are 10: 11
not described in the JESD79.2 but the functionality 10: 11
i s. 10: 11
Q | ' m aski ng about the nmenory nodul e 10: 11
definition. 10: 12
A Well, there are many aspects to a nenory 10: 12
nodul e definition. | -- I'mnot aware one way or 10: 12
t he other whether or not there's a physical form 10: 12
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factor specification from JEDEC, but the 10: 12
functionality is described in JESD79 and JESD79- 2. 10: 12
Q Ckay. For Exhibit 1032, which you say has 10: 12

a bit width of x64 or x72, how nany DRAMs woul d 10: 12
there be in a rank if each DRAM i s x47? 10: 12
A Dependi ng on the inplenentation, typically 10: 13
there would be either 16 or 18. But there can be 10: 13
nor e. 10: 13
Q Okay. So how many DRAMs woul d there be 10: 13

for a x64 menory nodule if the SDRAM used is x8? 10: 13
A Typically 8. 10: 13

Q And what about x16? So if you use a x16 10: 13
SDRAM for a x64 DIMM how many DRAM devi ces are 10: 13
there in rank? 10: 13
A There would typically be 4 per rank. 10: 13

Q VWhen is the concept of rank introduced in 10: 14
JEDEC st andar ds? 10: 14
A. I"'msorry, | mssed a word, the concept 10: 14

of ? 10: 14
Q When is a concept -- concept of rank 10: 14

i ntroduced in JEDEC standards? 10: 14
MR. CHANDLER: Object to form 10: 14

THE WTNESS: | think the concept predates 10: 14

JEDEC standards and is probably in sone of the very 10: 14
earliest ones. But there are issues of vocabul ary. 10: 14
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In the 1980s and 1990s the word "bank" -- 10: 14

with a "B" -- was typically used for that concept. 10: 14
And sonewhere in the 2000 to 2010 tinme frane, 10: 14
practitioners transitioned fromusing the word 10: 14
"bank" nmpbst commonly to describe a set of one or 10: 14
nore chips that would respond to the sane command or 10: 15
chip select signal to using the word "rank." 10: 15
The concept didn't change but the 10: 15

vocabul ary changed. And the reason for that is 10: 15
because it becane nore common for individual menory 10: 15
die to contain nultiple banks on them So there was 10: 15
a notivation to distinguish the vocabul ary, but 10: 15
there was no new concept that was introduced at that 10: 15
tine. 10: 15
BY MS. ZHONG 10: 15
Q What do you mean by "it becanme nobre conmon 10: 15

for individual nmenory dies to contain nultiple banks 10: 15
on them'? What are you referring to by the "banks" 10: 15
t here? 10: 15
A. In the case of an individual nmenory die, 10: 15

in the earlier days there would be one nenory array 10: 15
with rows and colums. And in the case of DRAM an 10: 15
entire row would be read to sonething that would 10: 16
typically be called sonmething |ike a page register. 10: 16
As DRAM densities increased, in order to 10: 16
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mai nt ai n speed, manufacturers began to build two 10: 16
relatively independent nmenory arrays on the sane 10: 16
sem conduct or die, each of which could independently 10: 16
have a row read out to one of two page registers. 10: 16
And t hose were call ed banks because they had very 10: 16
simlar characteristics to the physical npdul e banks 10: 16
of menory that had been known in the art before. 10: 16
And as nenory densities increased, we 10: 16

began to get chips with 4 and 8 banks on them So 10: 16
because there was a desire to distinguish the 10: 17
vocabul ary for that kind of a menory bank fromthe 10: 17
earlier kind of a nenory bank, nmenory providers 10: 17
started to use the word "rank"” to describe the one 10: 17
or nore chips on a nodul e that would sinultaneously 10: 17
respond to a conmand. 10: 17
Q Perego al so nentions a concept called 10: 17
"channel ." Do you recall that? 10: 17
A Yes. 10: 17

Q What is the term "channel" in the context 10: 17

of Perego? 10: 17
A. It's sinmply one or nore wires that are 10: 17

used to convey information. 10: 17
Q So in Perego Figure 4A, how many channel s 10: 18

are there? 10: 18
MR. CHANDLER: Object to form 10: 18
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THE WTNESS: So you're referring to the 10: 18

channels fromthe host computer to the nmodule or the 10: 18
channels fromthe buffer chip 405 to the vari ous 10: 19
menory devi ces. 10: 19
BY Ms. ZHONG 10: 19
Q So in Figure 4A of Perego, it describes 10: 19
channel s 415a and 415b, correct? 10: 19
A | don't see those | abeled on the draw ng. 10: 19

We can | ook to the text. 10: 19
Q You don't see them | abel ed on the draw ng? 10: 19

Li ke don't you see 415a on the lower left corner and 10: 19
415b on the lower right corner of Figure 4A? 10: 19
A You' re saying 4157 10: 19

Q Yes. 10: 19

A Oh. Yes, | do see 415a and 415b. 10: 19

Q Okay. So -- 10: 20

A The text -- 10: 20

Q -- with respect to -- 10: 20

A. The text says that it's not necessary to 10: 20

have two, that you could have one. But the 10: 20
illustration shows two. 10: 20
Q Okay. So in this context, what is a 10: 20
channel ? 10: 20
MR. CHANDLER: Obj ecti on. 10: 20

THE WTNESS: In the context of 415a and 10: 20
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415b, it is the set of wires that is used to 10: 20
comuni cate fromone or nore of the DRAM chips to 10: 20
t he buffer chip. 10: 20
BY Ms. ZHONG 10: 20
Q How many ranks are there, Exhibit [sic] 10: 20

4A? 10: 20
THE REPORTER: |'msorry. Wat was your 10: 20

guesti on? 10: 20
THE W TNESS: A what ? 10: 20

BY Ms. ZHONG 10: 20
Q How many ranks of nmenory chips are there 10: 20

in Figure 4A? 10: 20
MR. CHANDLER: Objection. Form 10: 20

THE WTNESS: | believe that what's 10: 21
illustrated is two ranks. But, again, the text 10: 21
expl ains that one could have a different nunber. 10: 21
BY Ms. ZHONG 10: 21
Q Why do you believe in Figure 4A there are 10: 21

two ranks of nenory devices? 10: 21
A. Actually, let me think about that for 10: 21

anot her m nute. 10: 21
" mnot sure that we're given enough 10: 24

i nformati on about Figure 4A to nmake an exact 10: 24
determ nation there. 10: 24
Figure 4A is illustrating certain aspects. 10: 24
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But if you read it in context, it can be used with a 10: 24
| ot of different kinds of menory nodul es. 10: 24
| believe that in certain enbodi ments it's 10: 24

certainly intended to represent two ranks, but there 10: 24
could be sonme inplenentations or some enbodi nents in 10: 24
which it's nore. 10: 25
Q And in Figure 4B, how many channels are 10: 25

t here? 10: 25
MR. CHANDLER: Object to form 10: 25

THE W TNESS: Well, there again, there are 10: 25

lots of different kinds of channels. But there 10: 25
are -- in Figure 4B there are four channels going 10: 25
out to DRAM devices and a fifth channel going off to 10: 25
the menory controller. 10: 25
BY MS. ZHONG 10: 25
Q Okay. And how many ranks are there in 10: 25

Fi gure 4B? 10: 25
A. Again, it depends which variety of nmenory 10: 25

one were to inplenent. But | think that in at |east 10: 25
sonme of the enbodi ments that are described in the 10: 25
specification, that would be a four-rank 10: 25
i npl ement ati on. 10: 25
Q I n which enbodi ment described in Perego 10: 25
woul d this be a four-rank inplenentation? 10: 25
A For exanple, if those were DDR nenory 10: 25
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devi ces. 10: 26
Q So why would there be four-rank -- let me 10: 26
reask. 10: 26
Why woul d Figure 4B involve a four-rank 10: 26

i mpl ementation if the devices are DDR nenory 10: 26
devi ces? 10: 26
MR. CHANDLER: Objection. Form 10: 26

THE W TNESS: Well, because if we | ook at 10: 26

it in context, you know, Figure 4C is probably the 10: 26
better illustration, because -- 10: 26
BY MS. ZHONG 10: 26
Q Okay. 10: 26

A -- what it shows is sonething that m ght 10: 26

be kind of specific to a DDR -- 10: 26
Q Okay. 10: 26

A -- to inplenentation. 10: 26

And that is that there seens to be an 10: 26

intention there that an entire channel would be 10: 26
sel ected and respond to the sanme command at one tine 10: 27
whet her it had one device or nore than one device on 10: 27
t hat channel . 10: 27
Q So if you only have a single channel, how 10: 27

many ranks would there be if the nenory devices are 10: 27
DDR basi c devi ces? 10: 27
A Again, there are a variety of enbodi nents 10: 27
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that are described. But ny understandi ng woul d be 10: 27

that if there was only a single channel, then -- you 10: 27
could put nore than one rank on a channel, but | 10: 27
think what's basically described would be probably, 10: 27
in the sinplest inplenentation, would be one rank 10: 27
per channel . 10: 28
Q Okay. So in a one-rank-per-channel 10: 28

i npl ementation, there is only one physical rank, 10: 28
correct, for a single channel? 10: 28
A I f you have -- 10: 28

MR. CHANDLER: Objection. Form 10: 28

THE WTNESS: |If you have one channel and 10: 28

one rank per channel, then you would only have one 10: 28
physi cal rank. 10: 28
BY MS. ZHONG 10: 28
Q Okay. So in that inplenentation, there 10: 28
woul d be -- the concept of rank multiplication would 10: 28
not apply; is that right? 10: 28
MR. CHANDLER: Objection. Form 10: 28

THE WTNESS: You'd have to | ook at the 10: 28

entirety of the nmenory system but that's certainly 10: 28
not the intent of rank multiplication. | think the 10: 28
intent of rank nultiplication is to nake a | arger 10: 28
number of ranks appear to be a smaller nunmber of 10: 28
ranks. 10: 29
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BY Ms. ZHONG 10: 29
Q So if there's only a single physical rank, 10: 29

t hen the concept of rank nultiplication would not 10: 29
apply? 10: 29
A. If your entire systemonly has one 10: 29
physi cal rank, then you are not practicing rank 10: 29
mul tiplication. 10: 29
Q And you say like in Perego, the intention 10: 29

is one rank per channel in general, correct, at 10: 29
| east for DDR conpliant |anguage? 10: 29
So in Perego, the intention is one rank 10: 29

per channel for JEDEC conpliant DDR devices; is that 10: 29
correct? 10: 29
MR. CHANDLER: Objection. Form 10: 29

THE WTNESS: | think that's the sinplest 10: 29

i mpl ementation that a person of ordinary skill would 10: 29
under st and under those particular circunstances. 10: 29
BY Ms. ZHONG 10: 30
Q Anywhere in your declaration that you 10: 30
describe multiple ranks per channel for Perego's 10: 30
i mpl ement ati on? 10: 30
A. | don't recall. 10: 30

Q You can't find any right now, correct? 10: 30

A Not at the nonent. 10: 30

Q Can you please turn to colum 14 of 10: 31
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Per ego. 10: 31
THE REPORTER: Counsel, excuse ne, what 10: 31

exhi bit nunmber is that? 10: 31
M5. ZHONG  Exhi bit 1035. 10: 31

THE REPORTER: Thank you. 10: 31

BY Ms. ZHONG 10: 31
Q Can you pl ease take a | ook at the exanple 10: 31
described in colum 14, lines 41 to 43. 10: 31
A Okay. 10: 32

Q So in colum 14, lines 41 to 43, in that 10: 32
exanpl e, the menory device access width is 128 bits, 10: 32
correct? 10: 32
A In that particular exanple, that is the 10: 32
case, yes. 10: 32
Q And what does that mean, the menory access 10: 32
width is 128 bits? 10: 32
A. | believe that it nmeans that the 10: 33
collection of menory devices in that particul ar 10: 33
enmbodi ment produced data 128 bits at a tine. 10: 33
Q Ckay. Let nme see what | can understand. 10: 33

You believe that means for a single read 10: 33

or wite operation, 128 bits will be transferred 10: 33
fromthe nenory devices on the nodule; is that 10: 33
correct? 10: 33
MR. CHANDLER: Objection. Form 10: 33
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THE WTNESS: Can | hear the exact 10: 33

guestion again? 10: 33
BY Ms. ZHONG 10: 33
Q Is it correct that a nenory device access 10: 34
width of 128 bits nmeans that in a single read or 10: 34
write operation, 128 bits of data will be 10: 34
transferred fromthe menory devices on the nodul e? 10: 34
MR. CHANDLER: Objection. Form 10: 34

THE WTNESS: It neans that the nmenory 10: 34

devices on the nodule will output 128 bits or input 10: 34
128 bits for a single read or wite operation. 10: 34
BY MS. ZHONG 10: 35
Q Okay. But the configurable wi dth buffer 10: 35
device interface width is only 16 bits in this 10: 35
particul ar exanple, correct? 10: 35
A In this particular exanple, that is 10: 35
correct. 10: 35
Q And that means there are only 16 pins to 10: 35
transfer data at a tine; is that correct? 10: 35
A In this particular exanple, yes, that only 10: 35

16 pins are used. 10: 35
Q So how can you transfer 128 bits in a 10: 35
single read and wite operation if there are only 10: 35
16 pins? 10: 35
A That operation would have ei ght phases in 10: 35
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that particular situation. You would transfer the 10: 35
first 16 bits, then the next 16 bits, then the next 10: 35
16 bits, then the next 16 bits. That's a very 10: 35
common technique in digital electronics. 10: 35
Q Okay. So what you nean is that the 10: 36

128 bits will be transferred in eight cycles from 10: 36
the 16 pins? 10: 36
MR. CHANDLER: Objection. Form 10: 36

THE WTNESS: |t depends how you define a 10: 36

cycle. Usually at this point in time, we would be 10: 36
tal ki ng about doubl e data rate. 10: 36
So we woul d have two pieces of information 10: 36

per cycle, but each transfer would be 16 bits. And 10: 36
there would be 8 transfers on the nenory controller 10: 36
to nodul e bus. And those 8 transfers would transfer 10: 36
in total 128 bhits. 10: 36
BY Ms. ZHONG 10: 36
Q So regardl ess of the buffer width -- 10: 36

THE REPORTER: ' msorry, Counsel, one 10: 36

nore time. | lost a word in there. 10: 36
BY Ms. ZHONG 10: 36
Q So regardl ess of the width of the 10: 36
configurable buffer, 128 bits will be transferred 10: 37
for each read and wite operation; is that correct? 10: 37
MR. CHANDLER: Object to form 10: 37
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THE WTNESS: No. Mybe |I'm not sure what 10: 37

you' re asking. 10: 37
The 128 bits is a characteristic of this 10: 37
particular exanple. And in this particul ar exanpl e, 10: 37
the configurable width buffer device interface width 10: 37
is 16 bits. So | don't know what it neans to 10: 37
di sregard that portion of the exanple. 10: 37
BY Ms. ZHONG 10: 37
Q So if we keep the nenory device access 10: 37

wi dt h constant and change the configurabl e buffer 10: 37
width, all that changes is the nunmber of transfers 10: 37
that are needed to transfer out the 128 bits; is 10: 37
that correct? 10: 37
A There are other things that change. But 10: 38

the primary thing that woul d change woul d be the 10: 38
nunmber of transfers required, and that's what's 10: 38
referred to as the serialization ratio. 10: 38
Q Can you also turn to colum 15? There is 10: 38

a reference to another serialization ratio in 10: 38
colum 15, if you can take a | ook at that. 10: 38
A. "' m not sure which one you're talking 10: 38
about. You're tal king about around line 6, 77 10: 38
Q Starting fromlines 6 to |ine 30. 10: 38
Okay. 10: 39

Q How is serialization ratio different from 10: 39
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the serialization ratio that's described in 10: 39
colum 147 10: 39
A. | don't believe it is. | think it's 10: 39
sinmply anot her description of the same concept. 10: 39
Q Okay. So the primary link -- 10: 39

A Let me -- let me correct that. Let ne 10: 40
correct that. 10: 40
Q Okay. 10: 40

A The description in 15 takes into account 10: 40

the possibility that these channels could be running 10: 40
at different speeds. So, therefore, in the exanple 10: 40
that we tal ked about before, we would take 128 bits 10: 40
and break it into eight 16-bit portions. 10: 40
That's happening here as well, but what 10: 40

it's saying is if you want to have matched 10: 40
bandw dt h, which neans if you want to have the sane 10: 40
capacity over tinme for each channel, that the 10: 40
channel that communicates in eight steps should be 10: 40
eight times as fast so that it can conmunicate 10: 41
128 bits in the sanme anount of tine. 10: 41
Q So when you say "channel," which channel 10: 41

are you referring to? 10: 41
A The narrower -- in that particular 10: 41
statenment, | was referring to the narrower channel. 10: 41
In other words, if we want each of the 10: 41
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channels -- and this is particularly the 10: 41
channel 370, which is the channel between the menory 10: 41
device and the buffer device and the -- what's 10: 41
called here the primary channel, which is the 10: 41
channel between the buffer device and the host 10: 41
conmput er. 10: 41
What this is saying is if they have 10: 41

different widths and yet we still want themto have 10: 41
the sane capacity, then if we nake the wi dth of the 10: 41
narrow channel N tinmes narrower, it nust also be N 10: 41
times faster in order to have the sanme capacity over 10: 41
tinme. 10: 42
Q So you are saying that if the secondary 10: 42
channel can output 128 bits and the primary channel 10: 42
is only 16 bits wide, then that primry channel 10: 42
needs to be eight tines faster than the secondary 10: 42
channel; is that right? 10: 42
A. If you want to al so have the requirenent, 10: 42
which is optional, that they have equival ent 10: 42
bandw dt h. 10: 42
Q Okay. What is the neaning of the nmenory 10: 42
nodul e bit w dth? 10: 43
A What is the neaning of the nmenmory nodul e 10: 43

bit width? 10: 43
Q Uh- huh. 10: 43
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A Again, it would depend on the context. 10: 43
But nornmally that termis used to describe the 10: 43
nunber of bits that are comrmunicated in a single 10: 43
read or wite operation between the nenory nodul e 10: 43
and the host conputer. 10: 43

Q So in the exanple that we discussed in 10: 43
colum 14, lines 40 to 43, what is the bit w dth of 10: 43
the menory nodul e then? 10: 43

A Again, | don't think there's a standard 10: 43
definition. But | think that nost engi neers woul d 10: 43
probably describe that as a 128-bit-w de menory 10: 43
nodul e because that's the size of the transfers. 10: 44
But there could be variation in how that vocabul ary 10: 44
i s used. 10: 44

Q Okay. What is the difference between 10: 44
control and control address information versus 10: 44
control signal and address signal? 10: 44

A. Agai n, that would depend on the context. 10: 44
Typically, the signal would be sonething physical, 10: 44
but not always. And information would be the 10: 44
know edge contained in that signal. But depending 10: 44
on context, they can be used in different ways or 10: 44
i nt er changeabl y. 10: 44

Q Okay. So, for exanple, when you packetize 10: 44
the control and address signal in a nmultiplex with 10: 45

Page 61

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

data, then it doesn't really contain a physical 10: 45
mani f estation of a control signal as you would, for 10: 45
exanple, in a registered DI MM shown in Exhibit 1032; 10: 45
is that right? 10: 45
A. | don't think | agree. There's still a 10: 45
physi cal manifestation. |In both cases there's a 10: 45
period of time that's inmportant, and the voltages on 10: 45
a wire are going to vary during that period of tinme 10: 45
to convey information. 10: 45
Q But in the packetized form the 10: 45
information is serialized, and you have to decode it 10: 46
in order to extract that information; isn't that 10: 46
right. 10: 46
A You don't necessarily need to decode it. 10: 46

What you have to do is inplenent it at the proper 10: 46
time. But you always need to inplenment a nenory 10: 46
communi cation signal at the proper tine. 10: 46
The real difference is whether or not 10: 46

you're using the sane wires to convey address and 10: 46
data signals or whether you're using two sets of 10: 46
wires to convey address and data signals. 10: 46
In either case, there are nmultiple signals 10: 46

being nmultiplexed on there for nmultiple 10: 46
transactions, for example. So everything has got to 10: 46
be nmeasured and effectuated at the appropriate tine. 10: 46
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Q What do you nmean by "the real difference 10: 47

is whether or not you are using the same wires to 10: 47
convey address and data signals or whether you're 10: 47
using two sets of wires to convey address and data 10: 47
signal s"? 10: 47
A The difference between the systemthat 10: 47
Rambus descri bed as packetized in their conmerci al 10: 47
products and the nmore commonly used SDRAM DI MVs t hat 10: 47
were not Ranmbus conpliant was that Ranmbus woul d use 10: 47
the sane wires for address control and data, while 10: 47
non- Ranmbus- conpl i ant DI MM woul d generally use 10: 47
distinct wires for data. 10: 47
Q And the non- Rambus JEDEC conpli ant DI Mvs 10: 48
woul d al so have dedi cated pads or pins for chip 10: 48
sel ect signals; is that right? 10: 48
A Dedi cated? Let nme take a quick | ook. 10: 48
Q You can take a |l ook at Exhibit 1032. 10: 48
A. That's certainly the case for Exhibit 1032 10: 48
is there were dedicated chip select signals on that 10: 48
particul ar D MM 10: 48
Q Is it necessarily the case that the 10: 48
signals sent to the SDRAM are the sanme as the 10: 48
signals that's received fromthe conmputer systen? 10: 49
A I don't understand that question. 10: 49
Q So according to JEDEC Standard 79-2, 10: 49
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certain signals have to be sent to the SDRAM for 10: 49
exanpl e, band address signals, chip select signals, 10: 49
CAS bar, RAS bar, and right enable bar, correct? 10: 49
A Are you asking do they need to be sent to 10: 49

t he SDRAM nodul e or to the SDRAM device? 10: 49
Q To the SDRAM devi ce. 10: 49

A They would ordinarily be used to control 10: 49

t he SDRAM device. It's up to the nodul e desi gner 10: 50
whet her or not to send themdirectly or whether or 10: 50
not they can be passed through sone | ogic function 10: 50
first. 10: 50
Q Okay. But do the exact sane signals have 10: 50

to be received on the DIMM or can they be received 10: 50
in an encoded form and then decoded to send those 10: 50
signals out to the SDRAM? 10: 50
MR. CHANDLER: Objection. Form 10: 50

THE WTNESS: |'m not sure what you're 10: 50

asking. The synbols that are shown -- the signals 10: 50
t hat are shown on page 7 of Exhibit 1032 are signals 10: 50
at the connector of the DI MM as specified. 10: 50
BY Ms. ZHONG 10: 50
Q But you said there are many different 10: 50

DI M, right, and the signaling scheme does not have 10: 50
to be the sane, as shown in this JEDEC 10: 51
specification; is that correct? 10: 51
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A Sure. Not every DI MM has the sanme signals 10: 51

as JESD21-C. 10: 51
Q Ckay. So, for example, the information 10: 51

can be received in a packetized form and then 10: 51
denul ti pl exed or decoded to extract the signals; is 10: 51
t hat correct? 10: 51
MR. CHANDLER: Objection. Form 10: 51

THE WTNESS: |'m not sure what we're 10: 51

tal king about. This is on some hypothetical DI Mw 10: 51
BY Ms. ZHONG 10: 51
Q Can that be done? 10: 51

A Sure, conceivably one could do that. 10: 51

Q And, for exanple, Perego's DI MM uses -- at 10: 51

| east in sone of the enbodi nents, they use 10: 52
packetized format to convey the control and address 10: 52
i nformati on, correct? 10: 52
A In some enmbodi nents. But Perego 10: 52
contenplates a wide variety of -- of enbodinents and 10: 52
he tal ks about things well beyond just 10: 52
poi nt-to-point |inks. 10: 52
Q And in those preferred enbodi nents that 10: 52

you relied on, those are point-to-point links; is 10: 52
that right? 10: 52
MR. CHANDLER: Objection. Form 10: 52

THE WTNESS: No. They're described as 10: 52
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sonet hing that could be inplenmented as a 10: 52
point-to-point link, but there's also a discussion 10: 52
of other kinds of |links as well. 10: 52
MR. CHANDLER: W have been goi ng about 10: 52

two hours. Whenever you are at a good breaking 10: 53
point, it mght be a nice time for a break. 10: 53
MS. ZHONG  Sure. 10: 53

Q Why don't we take a | ook at your 10: 53

decl aration, Exhibit 1003, page 77, paragraph 133. 10: 53
Are you there? 10: 53

A Yes. 10: 53

Q So for the specific citation that you 10: 53
guoted here, which |I believe we discussed earlier, 10: 53
that is a distinct signaling scheme fromthe JEDEC 10: 54
conpliant signaling schenme; is that correct? 10: 54
MR. CHANDLER: Objection. Form 10: 54

THE WTNESS: As | said, I"'mnot famli ar 10: 54

off the top of my head with every JEDEC standard. 10: 54
But the particular exanple that's quoted in 10: 54
paragraph 133 that's fromcolum 13, line 54, is 10: 54
describing something that's distinct from JESD21-C. 10: 54
BY Ms. ZHONG 10: 54
Q So what's described -- what you quoted in 10: 54
paragraph 133 is a different signaling schene than 10: 54
that is used for the RDI MM described in 10: 54
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Exhi bit 1032; is that correct? 10: 55
A It is not an identical signaling 10: 55
mechani sm but it does have teachings that are 10: 55
applicable to the signaling nmechani smused for DDR2. 10: 55
Q Okay. So, for exanple, it does not have 10: 55
the CS signal, the CAS, RAS -- let's go to page 16 10: 55
of Exhibit 1032. 10: 55
A Uh- huh. 10: 55
Q For exanple, the signaling schene 10: 55
described in 133 would not have the signals that's 10: 55
listed on the I eft-hand side of the register box; is 10: 55
that correct? 10: 56
A I think it would have those signhals. It 10: 56
just wouldn't necessarily have themin the exact 10: 56
sanme physical form It would have themin a way 10: 56
that has a different physical inplenmentation. But 10: 56
certainly a person of ordinary skill in the art 10: 56
woul d under stand how t he teachings apply to both. 10: 56
Q Ckay. So they will be a different 10: 56
physical inmplenentation that's different than what's 10: 56
described on Exhibit 1032, page 16; is that right? 10: 56
A That's true with respect to that one 10: 56
particular statement. |[|f you look at the teaching 10: 56
as a whole, it's broad enough to enconpass what's in 10: 56
1032. 10: 56
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M5. ZHONG. We can take a break. How |Iong 10: 56

do you want it to be? 10: 56
Wy don't we get off the record and then 10: 57

we can di scuss how | ong the breaks needs to be. 10: 57
MR. CHANDLER: Ckay. 10: 57

(Recess.) 11: 08

(OFf record: 10:57 a.m) 11: 08

(On record: 11:16 a.m) 11: 08

MS. ZHONG. We can go back on the record. 11: 16

Q Dr. Wlfe, can you go back to your 11: 17

decl aration, Exhibit 1003, page 937 11: 17
A Okay. 11: 17

Q Do you see Table 10, the command truth 11: 17

t abl e? 11: 17
A. Yes. 11: 17

Q Is the content in that command truth table 11:17
sonet hi ng that had a person of ordinary skill in the 11: 17
art would be famliar with at the time of the '912 11:17
i nventions? 11:17
A Yes. 11:18

Q So, for exanple, they would know, for a 11: 18

DDR SDRAM a write operation would include bank 11: 18
address information; is that correct? 11: 18
A Yes, for things that are conpliant within 11:18
JEDEC St andard 79-2. 11:18
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Q So they would know that in order for the 11:18
SDRAM to performa wite operation the DIMM has to 11:18
receive the bank address signhals, correct? 11: 18

A Was the question that the DI MM has to 11:18
receive the bank address signal s? 11:18

Q Correct. 11:18

A. That's from JESD79-2, which does not 11: 19
require a DIMM But if that particular chip were on 11:19
a DOMM then the DIMM woul d need to receive the bank 11:19
address signal s. 11: 19

Q Okay. And so if a DDR or DDR2 device is 11:19
on the DIMM does that DI MM have to receive a bank 11:19
address signal in order to performa read operation? 11:19

A If you're using a JEDEC Standard 79-2 11: 19
menory on a DIMM then that DI MM woul d need a bank 11:19
addr ess signal . 11: 19

Q Are you aware of DRAMs that do not use 11:19
bank address signals for read or wite operation? 11: 19

A Yes. 11: 20

Q Whi ch ki nd of DRAMs do not use bank 11: 20
address signals for read and wite operation? 11: 20

A |'"d have to go back and | ook at the 11: 20
specific specifications. But, based on ny 11: 20
recol | ection, perhaps the Burst EDO DRAMs may not 11: 20
have used them or it nmay be a previous generation. 11: 20
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Q Okay. What about DDR2, DDR SDRAMs? Are 11: 20

you aware of any such nenory devices that do not use 11: 20
bank address signals for read or wite operation? 11: 20
A If by DDR and DDR2 you mean things that 11: 20

are compliant with JESD79 or JESD79-2, in that case 11: 20
I''m not aware of any that don't use a bank address 11: 20
signal at the menory chip device itself. |t doesn't 11: 21
necessarily have to be provided to anything el se on 11: 21
t he DI WM 11: 21
Q So how can the bank address signals be 11: 21
provided to the SDRAMif the signal is not sent to 11: 21
the DI MM on which the SDRAMis sent on? 11: 21
A There are lots of different ways. You 11: 21
could do a design. You could generate them on the 11: 21
DI MM hypot hetically, depending on what you were 11: 21
using the DIMM for and what you were trying to 11: 21
acconpl i sh. 11: 21
Q Ckay. So according to you, it is not 11: 21
necessary for DIMMto receive, for example, bank 11: 22
address signals, RAS, CAS -- |let nme wthdraw and 11: 22
ask. 11: 22
Is -- would it also be the case that for a 11: 22

read and wite operation that's to be performed by a 11: 22
DDR, a DDR2 SDRAM it is not necessary for the DI MM 11: 22
on which the SDRAMis set on to receive a chip 11: 22
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sel ect signal? 11: 22
A. It would not be necessary, but it would be 11: 22
ordinary for the DIMMto receive a chip sel ect 11: 22
signal . 11: 22
Q And would it be ordinary for the DIMMto 11: 23
receive a bank address signal for a read and wite 11: 23
operation? 11: 23
A If it were a nenory DI MM that used nmenory 11: 23
chi ps conpliant with JESD79 or JESD79-2, it woul d be 11: 23
ordinarily for that DIMMto be provided with a bank 11: 23
address signal. That bank address signal, in the 11: 23
sinpl est case, would go directly to the nenory 11: 23
devi ces. 11: 23
Q Vhat if it is a registered DIMV? Wuld 11: 23
t hat bank address signal go to the register on the 11: 23
DI MM si de then? 11: 23
A Again, we'd have to | ook at the particular 11: 23
st andar ds. But in the case of, for exanple, the 11: 23
JESD21- C regi stered DI MM, bank address signals 11: 23
woul d go to a register typically. 11: 24
Q Were DDR2 or DDR SDRAMs conmon at the tine 11: 24
of the '912 invention? 11: 24
A By "common" do you nean generally 11: 24
avai | abl e? 11: 24
Q When sonmeone says a DRAM device in 2004 11: 24
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and 2005, would the person of ordinary skill in the 11: 24
art that DDR2 -- (indiscernible.) 11: 24
THE REPORTER: l'"m sorry. Excuse nme, 11: 25

Counsel. | lost you on that one. Repeat your 11: 25
guesti on, please. 11: 25
BY Ms. ZHONG 11: 25
Q So in 2004 and 2005, when a person with 11: 25
ordinary skill in the art nentions a DRAM devi ce, 11: 25
woul d ot hers understand that the DRAM device they 11: 25
refer to would include DDR2 or DDR device? 11: 25
A. | think they would understand that it 11: 25
could include a DDR or DDR2 device, especially if 11: 25
they were in the context of a general purpose 11: 25
conput er. 11: 26
Q Okay. And if the person -- the 11: 26
description for that DRAM devi ce al so include things 11: 26
such as chip select signals, would that al so be 11: 26
consistent with the reference to a DDR or DDR2 11: 26
devi ce? 11: 26
A If | understand your question correctly, 11: 26

the use of chip select signals on a DDR or DDR2 11: 26
menory device is ordinary. 11: 26
Q What do you mean by "ordinary"? 11: 26

A For the nost commonly avail abl e devices 11: 27
would -- that are DDR or DDR2 in the 2004, 2005, 11: 27
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2006 time frame -- would be conpliant with JESD79 or 11: 27
JESD79-2 and would include a chip select input. 11: 27

Q So if a DRAM device is described as 11: 27
including a chip select signal, would that indicate 11: 27
to a person of ordinary skill in the art that device 11: 27
is likely a DDR2 or DDR device? 11: 27

A No, that would generally not be a 11: 28
identifying or distinguishing characteristic. 11: 28

Q And you said that if the DRAM device was 11: 28
used in connection with a personal conputer, then a 11: 28
person of ordinary skill in the art would understand 11: 28
that a DRAM device could be a DDR2 or DDR devi ce, 11: 28
correct? 11: 28

A That would be true in the 2000 to 2006 11: 28
time franme. 11: 28

Q Okay. And then they would understand that 11: 28
if those are DDR and DDR2 device, in order for the 11: 29
DDR -- in order for the nenory device to performa 11: 29
read, wite, bank activation operation, it would be 11: 29
ordinary for the computer systemto send signals 11: 29
such as bank address signals, chip select signals, 11: 29
CAS bar, RAS bar, and write enable bar; is that 11: 29
correct? 11: 29

A It would be ordinary to send those to an 11: 29
ordinary personal conputer in DDR or DDR2 npdul e at 11: 29
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that tine. 11: 30
Q What do you nean by "It would be ordinary 11: 30

to send those to an ordinary personal conputer in 11: 30
DDR or DDR2 nodul e"? 11: 30
A. One could -- one can use these chips in 11: 30

many di fferent ways and build many different kinds 11: 30
of menory nodules. But there were typical nmenory 11: 30
nmodul es at the time that were JEDEC conpliant with 11: 30
various JEDEC st andards. 11: 30
Q Are you saying those CAS bar, RAS bar, WE, 11: 30

and chip select and bank address signals are sent to 11: 30
t he personal conputer instead of being sent fromthe 11: 30
personal conputer to the nenory nodul es? 11: 30
MR. CHANDLER: Vague. 11: 31

THE W TNESS: No. 11: 31

BY Ms. ZHONG 11: 31
Q Hel | 0? 11: 31

Yes. | answered, "no." 11: 31

Q You are saying that it would be ordinary 11: 31

for a personal conputer to send CAS bar, RAS bar, WE 11: 31
bar, chip select signals and bank address signals to 11: 31
the menory nodule for a read and wite operation at 11: 31
the time of the invention; is that correct? 11: 31
A Yes, | think that's fair. And then one 11: 31
woul d have to | ook at how those are then connected 11: 32
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on the nmenory nodule to figure out whether or not 11: 32

that's at all relevant to these clains. 11: 32

Q Is that something a person of ordinary 11: 32

skill in the art would understand? 11: 32

A Yes. 11: 32

Q Can you pull up Exhibit 1034. 11: 33

(Exhibit 1034 was marked for 11: 33

identification and attached 11: 33

hereto.) 11: 33

THE W TNESS: Ckay. 11: 33

BY MS. ZHONG 11:33

Q Can you please go to page 2 of 11: 33

Exhi bit 1034. 11: 33

A Okay. 11: 33

Q The | ast paragraph on the right hand, 11: 33

"di sabl es the chip select bus.” Do you see that? 11: 33

A Yes. 11: 33

Q So according to this paper, the chip 11: 33

select bus is essential in the JEDEC-style nmenory 11: 34

system Do you agree with that? 11: 34

A. In the context that's being used in this 11: 34

paper where it's tal king about DIMVs in a 11: 34

traditional conmputer, | do think that the chip 11: 34

sel ect bus is essential in as far as it needs to 11: 34

exi st. 11: 34
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Q In the Rambus nenmory nodul e that you are 11: 34
famliar with, there isn't a chip select bus; is 11: 34
t hat correct? 11: 34

A There is not a distinct chip select bus. 11: 34
It's subsumed into the -- into the Ranmbus channel . 11: 34

Q And what's your understanding of the chip 11: 35
sel ect bus in the context of Exhibit 10347 11: 35

A I think that it's sinply saying that in a 11: 35
conventional PC-type nmenory system as of 2002 -- and 11: 35
by "conventional," that's not the Ranbus type -- 11: 35
that there is a chip select signhal provided for 11: 35
every rank of nmenory in order to control the timng 11: 35
of that rank with respect to responding to commands. 11: 35

Q So what's the difference between a bus 11: 35
versus the point-to-point architecture described in 11: 36
Per ego? 11: 36

A A bus can be used broadly here. | think 11: 36
in this particular reference, | think "bus" sinply 11: 36
is being used to refer to a collection of wres. 11: 36

The -- again, and Perego does discl ose 11: 36

buses as alternatives to point-to-point. It 11: 36

di scl oses both kinds of enbodi nents numerous tines. 11: 36

But in his point-to-point description in 11: 36

Perego, he tal ks about things that have one 11: 36

transcei ver on each end, where in Perego buses used 11: 36
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a thing -- described things that can have nore than 11: 36
one transceiver. 11: 36
|'mnot sure that it's being used in 11: 36

exactly the same way here. It's quite possible 11: 36
that -- that this particular chip select bus the way 11: 36
it would normally be inplenmented woul d be 11: 36
poi nt -t o- poi nt. 11: 37
And it's also conmon to use the term "bus” 11: 37

to sinply refer to a collection of wires. And | 11: 37
believe that's what's being done in 1034 in the area 11: 37
that we referred to. 11: 37
Q Okay. So in the 2004 and 2005 tine 11: 37
period, a conventional PC system would send chip 11: 37
sel ect signals, CAS bar, RAS bar, write enabl e bar, 11: 37
cl ock, bank address signals to a DIMM is that 11: 37
correct? 11: 37
A. | don't know if it would send all of 11: 37

t hose. 11: 37
Q Whi ch signals you don't think it would 11: 37
send? 11: 38
A. | don't think it's just a clock at that 11: 38

time frame. | think it tends to be a little nore 11: 38
conplicated, and there are a nunmber of -- 11: 38
Q Okay. 11: 38

A -- timng signals that are sent. 11: 38
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Q So in the 2005 and 2005 {sic} time period, 11: 38
a conventional PC system would send chip sel ect 11: 38
signals, CAS bar, RAS bar, write enable bar, bank 11: 38
address signals to a DIMM for a read and wite 11: 38
operation; is that correct? 11: 38
A That would be typical. And, again, then 11: 38
it would depend on the inplenmentation as to what the 11: 38
DIMMdid with those signals. 11: 38
Q Woul d t hose sane signals be sent to a DIMM 11: 38
by a conventional PC for bank activation -- row 11: 38
activation operation in the 2004 and 2005 tine 11: 38
peri od? 11: 39
A They wouldn't all be used for row -- for 11: 39
row activation, but they would be physically 11: 39
present. 11: 39
Q Okay. And for bank activation, would 11: 39
those -- would those sane signals be sent froma 11: 39
conventional PC systemto a nmenory nodule in the 11: 39
2004 and 2005 tinme period? 11: 39
A Again, | don't know what you nmean by 11: 39
signals being sent. They would be physically 11: 39
connected, but they could be -- sonme of those 11: 39
signals could be dormant in a bank -- in a bank 11: 39
activation. 11: 39
Q What do you nean by some of the signals 11: 39
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woul d be dor mant ? 11: 39
A They may not be doing anything. There nay 11: 39

not be any information being provided on some of 11: 39
t hose signals during a bank activate. 11: 39
Q Okay. But those signals would be sent and 11: 40
received, just that they would not be used. |Is that 11: 40
what you nean? 11: 40
A From the perspective of the DIMM | think 11: 40

that is -- that's -- that would be comon. 11: 40
Q Okay. So it would be common in 2004 and 11: 40

2005 time period for a nenmory nodule to receive chip 11: 40
sel ect signals, bank address signals, CAS bar, RAS 11: 40
bar, wite enable bar for nenory operation such as 11: 40
read, wite, and bank activation; is that correct? 11: 40
A Yes, fromthe perspective of the DIMM 11: 40
itself they would be received. 11: 40
Q Can you pull up Exhibit 1035 Perego, 11: 41
colum 15, lines 37 to 40. 11: 41
Are you there, Dr. Wl fe? 11: 41

A G ve nme the line nunbers again. 11: 41

Q 37 to 40. 11: 41

A Okay. 11: 42

Q So according to the description there, 11: 42
"According to a preferred enbodi nent, the target 11: 42
subset of secondary channel signal |ines nay be 11: 42
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sel ected via address bits provided as part of the 11: 42
primary channel request.” 11: 42
Do you see that, Dr. Wl fe? 11: 42

THE REPORTER: ' msorry, Counsel. I''m 11: 42

sorry, Counsel. Could you repeat that and read it 11: 42
slowy. 11: 42
BY Ms. ZHONG 11: 42
Q According to the description here, being a 11: 42
preferred enbodi ment, "the target subset of 11: 42
secondary channel signal lines may be select via 11: 42
address bits provided as part of the primry channel 11: 42
request.” 11: 42
Do you see that, Dr. Wl fe? 11: 42

A. | do. 11: 42

Q Are address bits the same as chip sel ect 11: 42

si gnal s? 11: 42
MR. CHANDLER: Objection. Form 11: 42

And | didn't hear the question either. 11: 42

BY Ms. ZHONG 11: 42
Q Are address bits the same as chip sel ect 11: 42

si gnal s? 11: 42
A It depends on the context. 11: 43

MR. CHANDLER: Court Reporter, | said 11: 43

address bits, B-1-T-S. 11: 43
THE REPORTER: |'m sorry, spell that 11: 43
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again. 11: 43
M5. ZHONG Bits, B-1-T-S. 11: 43

THE REPORTER: Thank you. 11: 43

BY Ms. ZHONG 11: 43
Q When you say "It depends on the context,"” 11: 43

when are address bits the sane as chip sel ect 11: 43
si gnal s? 11: 43
A One can define -- one can design a nmenory 11: 43
system where an address bit is used as a chip sel ect 11: 43
signal . 11: 43
Q But that would not be JEDEC conpliant; is 11: 43

that correct? 11: 43
MR. CHANDLER: Object to form 11: 43

THE WTNESS: It depends. It could be 11: 43

conpliant with certain JEDEC specifications 11: 43
dependi ng on how it was done. 11: 43
BY Ms. ZHONG 11: 43
Q Wuld it be conpliant with the JEDEC 11: 43
specifications that you relied on? 11: 44
A. Yes, it could be conpliant, for exanple, 11: 44

with Exhibit 1029. Again, it depends what you're 11: 44
trying to build and what the context is. 11: 44
Q How woul d it be conpliant with 11: 44

Exhi bit 10297 11: 44
A Vel |, because Exhibit 1029 describes the 11: 44
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functionality of the chip select signal. It doesn't 11: 44
tell you what to connect it to or what you nust 11: 44
connect it to. 11: 44
Q So you disagree with Exhibit 1034 comment 11: 44

that JEDEC -- JEDEC-style nmenmory system has to have 11: 44
a dedicated chip select bus? 11: 44
A. No, | don't disagree with them A 11: 45
JEDEC-style nmenory systemis nore than -- in this 11: 45
context, is nore than just sonething that uses a 11: 45
JEDEC conpl i ant chi p. 11: 45
| think if you read this in context, it's 11: 45

tal ki ng about using a JEDEC conpliant DIMM as is 11: 45
described in the previous paragraph. 11: 45
Q And in this description, colum 15, |ines 11: 45

37 to 40, are the address bits used to define a 11: 45
rank? 11: 46
A. In this particular enbodi ment, which I 11: 46
believe is not the one that | relied on in ny 11: 46
decl aration, the address bit can be one of the 11: 46
factors that's used in selecting a rank. 11: 46
Q Can you go to paragraph 96 -- page 96 to 11:. 46

97 and take a | ook at your paragraph 1557 11: 46
What paragraph are you relying on? Which 11: 47

passage from Perego are you relying on? 11: 47
A That is colum 15, 31 through 45. 11: 47
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Q And that includes the passage we just 11: 47
di scussed, correct? 11: 47
A. It does. 11: 47
Q Ckay. So are you relying on the 11: 47
enbodi ment that we just discussed in your 11: 47
decl aration? 11: 47
A For that particular teaching, yes. 11: 47
Q And in this particular teaching, the -- 11: 47
according to you, the rank is selected using address 11: 47
bits and not a specific chip select signal, correct? 11: 47
A. No, no. The address bits in this 11: 47
particul ar case would be one of the factors to 11: 48
deci de which rank to select. It would not be the 11: 48
only factor. 11: 48
Q And 155 you state, "Both Perego and Ani di 11: 48
teach using the address signals to select the target 11: 48
rank," correct? 11: 48
A. Correct, but not exclusively. 11: 48
Q Did you say Perego and Am di teach using 11: 48
t he address signals in part to select the target 11: 48
rank? 11: 48
A No, |I didn't say that. | just said that 11: 48
they use them and they do use them It doesn't say 11: 48
that they don't use other signals as well. 11: 48
Q And in this paragraph or el sewhere did you 11: 48
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di scuss what other information is used to select the 11: 48
target rank other than the address signals for this 11: 49
enmbodi ment ? 11: 49
A Well, this is part of a very extensive 11: 49

di scussion. Let ne see if | can find a better 11: 49
answer . 11: 49
Q Let's just discuss this preferred 11: 50
enbodi ment in particular. Wat other information in 11: 50
this preferred enbodiment is used to select a target 11: 50
rank other than the address bits? 11: 50
A | think a person of ordinary skill would 11:51
understand that the chip select is also used in this 11:51
particul ar situation. 11:51
Q And where does the word "chip sel ect 11:51
signal" appear in Perego? 11:51
A In one place their individual device. Let 11:51

me see. 11:51
I don't think there's an explicit 11:52
description of a chip select line. | think a person 11:52
of ordinary skill would have to use their know edge 11:53
of the conputer systemto incorporate that. 11: 53
If you | ook, for exanple, at the general 11: 53

di scl osures that say that you can have multiple 11: 53
nmodul es on a bus, clearly there would have to be 11: 53
sone indication of which nodul e was bei ng sel ect ed. 11: 53
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And, in particular, if, as |I've suggested, you would 11: 53
inplement it with JEDEC conpliant technol ogy, then 11: 53
you woul d incorporate that feature fromthe JEDEC 11: 53
specifications. 11:53
Q You were tal king about selecting different 11: 53
nodul es. |s nodule the sane as a rank? 11: 53
A It's not. But you wouldn't select a rank 11: 54

on a nodul e unl ess the nodule itself was being 11: 54
sel ect ed. 11: 54
Q Okay. So you -- the PCwll first select 11:54

whi ch modul e to communicate with -- 11:54
A There's no -- 11: 54

Q -- and the chip select signal -- go ahead. 11: 54

A I mean, there's no sequence there. Only a 11: 54
single rank is going to be selected to respond from 11: 54
the PC s perspective. 11: 54
Q Okay. 11: 54

A And that rank will be on a specific 11: 54
nodul e. 11:54
Q | see. 11: 54

Can you take a | ook at Perego Figure 6B, 11: 54

for exanple. 11: 54
Are you there? 11: 54

A Yes. 11: 54

Q So there are -- so there are 400a, 400b 11: 54
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and 400c.

Each is a nenory nodul e;

is that correct?

A Correct. 11: 55

Q And there are two ranks in each of the 11: 55
menory nmodule; is that correct? 11: 55
A Correct. 11: 55

Q Is that the same for 6A, Figure 6A? 11: 55

A. There are only two nodul es in 6A, but 11: 55

ot herwi se that's the sane. 11: 55
Q Okay. So in 6A there are two nodules with 11:55

two ranks each? 11:55
A Correct. 11:55

Q And the chip select signal would be 11:55
selecting an entire rank; is that right? 11:55
A It depends where you're |ooking at it. 11: 56

Q What do you mean, like, where you're 11: 56

| ooking at it? 11: 56
A If you are looking at it fromthe 11: 56
perspective of the processor, it's selecting a 11: 56
modul e.  And then, depending on the inplenentation, 11: 56
you woul d either use a bank address signal or an 11: 56
address signal to determ ne the actual rank. 11: 56
Q But it would be -- let's take one step 11: 56
back. 11: 56
Let's ook at the configuration in 11: 56

Fi gure 6B. 11: 56
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A Okay. 11: 56

Q Let's assunme that 400a is selected. And 11: 56

when a chip select signal is applied, four of the 11: 56
devices will be selected at a tine; is that correct? 11: 57
MR. CHANDLER: Objection. Form 11: 57

THE WTNESS: Utimately that is what's 11: 57

goi ng to happen. But the chip select signal going 11: 57
to 400a would informthe buffer that it should 11: 57
either select the left-hand or right-hand rank. 11: 57
And then, again, depending on the 11: 57

enbodi ment, the buffer would then use additional 11: 57
i nformati on conbined with the chip sel ect 11: 57
information to decide whether to select the 11: 57
| eft-hand rank or the right-hand rank. 11: 57
BY MS. ZHONG 11: 57
Q Okay. And when a rank is selected, it 11: 57

will be selected in a group of four for the 11: 57
enmbodi ments shown in Figure 6B; is that correct? 11: 57
A. If you have a four wide -- four device 11: 57

wi de rank, that will be the case. Figure 6B is 11: 57
illustrative, and | don't think it only applies to 11: 58
four device slide ranks. 11: 58
Q If you only have a single device per 11: 58
channel, the menory capacity would be one-fourth of 11: 58
t hat ot her nmenory nodul e having four nenory devices 11: 58
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per channel, assum ng that the menory device all 11: 58
have the sane capacity; is that fair? 11: 58
A. That's fair. |If you assune that the 11:58
menory devices all have the sane capacity, then 11:58
havi ng four nmenory devices would give you four tines 11: 58
t he capacity of one device. 11: 58
Q Okay. So if you -- if you have a nmenory 11: 58
nmodul e with places for four menmory devices per rank, 11: 58
and if your goal is to expand the capacity of that 11:59
menmory nodule, it would not really make any sense 11:59
for you to only place a single device in that rank; 11:59
is that right? 11: 59
A That just doesn't seem consistent with ny 11:59
under st andi ng of the way nenory nodul es are 11:59
desi gned. You design a nenory nodul e based on how 11:59
many chi ps you want to have and how wi de you want it 11: 59
to be, and you custom design it for that one 11:59
si tuation. 11: 59
Q So, like, let's take a | ook at the 11: 59
Fi gure 6B configurati on shown here. This shows 11: 59
there are eight nenory devices -- 11:59
A Yes. 11:59
Q -- on one side of that device, correct? 11: 59
A That seems to -- what's illustrated is 11: 59
four to the left and four to the right in this 12: 00
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particular illustration. 12: 00
Q Okay. And so if | want to expand the 12: 00
menory capacity, it would not make any sense for ne 12: 00
to get rid of six of the eight nenory devices on 12: 00
that nodule; is that correct? 12: 00
A That's correct. Assum ng that you wanted 12: 00

to expand the capacity of this particular nodul e as 12: 00
opposed to designing a nodule for a different 12: 00
purpose that would be disclosed in Perego. 12: 00
Q Okay. And assuning that | only want to 12: 00

use two chips to achieve the same capacity as using 12: 00
ei ght chips, the density per chip has to increase by 12: 00
a factor of four? Does that sound correct? 12: 00
MR. CHANDLER: Object to form 12: 01

THE WTNESS: If you make all those 12: 01
assunptions, that would be correct. But again, 12: 01
those aren't always valid assunptions. 12: 01
BY Ms. ZHONG 12: 01
Q And a nenory chip with four times the 12: 01
menory density would be nore costly than a nenory 12: 01
chip that is 1x density? Does that sound fair? 12: 01
A. That's not always true, but it's true in 12: 01
certain market segnents. 12: 01
Q I n which market segnments is that true? 12: 01

A It's true when the | ower-capacity chip is 12: 01
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a mai nstream chip and the hi gher-capacity chip is 12: 01
just entering production. 12: 01
Q Ckay. So let's take a | ook at your 12: 02
declaration. Why don't we go to page 92 of your 12: 02
decl arati on. 12: 02
Do you see a Table 2 and Table 3 on that 12: 02

page? 12: 02
A | do. 12: 02

Q Okay. MWhat is showing in Tables 2 and 3? 12: 02

A These are exanples of JESD79-2 conpli ant 12: 02
menmory configurations. 12: 02
Q And in Table 2, those are SDRAMs with 12: 02
512-megabit density; is that correct? 12: 02
A Correct. 12: 02

Q And what is the difference between by x4, 12: 03

x8, and x16 format? 12: 03
A The nunber of data pins that are present 12: 03

on each individual device. 12: 03
Q Can you be nore specific? Wat do you 12: 03

mean by the nunber of data pins that are present on 12: 03
each individual device? What's the difference 12: 03
bet ween x4, x8, and x167? 12: 03
A x4 has four data pins per individual 12: 03
device. X8 has eight data pins per individual 12: 03
device. And x16 has 16 data pins per individual 12: 03
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devi ce. 12: 03
Q Ckay. So let's take a | ook at Figure 2, 12: 03

t he 512- megabit DRAM devi ces. 12: 03
What does 32 negabits mean in the 12: 03
configuration on the right-hand side for the x16 12: 03
configuration? 12: 04
A In Table 2? 12: 04

Q Yes. Table 2. So Table 2 -- 12: 04

A It neans there are -- 12: 04

Q -- means 32 negabits -- |'msorry. 12: 04

A. It means there are 32 million entries in 12: 04

that nmenmory, each of which contains 16 bits. 12: 04
Q And what's the cost difference between a 12: 04
32Mox16 DRAM device versus a 62 -- 64Mox8 device? 12: 04
A It depends on the market at the tine. 12: 04

Q What's the market at the tinme? What's the 12: 04

cost difference? 12: 04
A. | don't know. | mean, it could vary from 12: 04

week to week, and dependi ng on manufacturing 12: 04
shortages and trends and what's comon in vari ous 12: 04
conputers. 12: 05
Usual ly early in introductions, 64Mox8 is 12: 05

cheaper, and then over time the 32Mbx16 becones 12: 05
cheaper. 12: 05
Q So initially 64Mox8 is actually cheaper 12: 05
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than the 32NMbx167? 12: 05
A It's ordinarily what happens. 12: 05

Q And is 124Mox4 initially cheaper than the 12: 05
64Mox8 and the 32Mox16 initially then? 12: 05
A. It depends on the exact details or the 12: 05
timng of when these parts get introduced versus 12: 05
when new operating systens get introduced. 12: 05
Sonetimes it's cheaper, sonetines it's not. 12: 05
Q What's the cost difference between four 12: 05
32Mox16 versus two 64Mox16 SDRAM devi ce? 12: 06
A Again, it depends when. 12: 06

Q Let's just say in nmass production. 12: 06

A Depends where they are in the cycle. 12: 06
Sonetinmes Table 3 devices can be nore 12: 06
expensi ve, especially early on in the cycle, and 12: 06
sonetimes they can be | ess expensive. That's why 12: 06
they are both in the market is because it's hard to 12: 06
predict which is going to be nore expensive in 12: 06
practice. 12: 06
Q So the 128Mox8 device is not necessarily 12: 06

nore expensive than the 64Mox8 device; is that 12: 06
ri ght? 12: 06
A Not -- you're saying per device or per 12: 07

unit of nenory? 12: 07
Q Per devi ce. 12: 07
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A Not necessarily. But usually the 128x8 is 12: 07
going to be nore expensive than the 64x8. 12: 07
Q What about per nmenory? 12: 07
A That will vary over tine. 12: 07
Q How does it vary over tine? 12: 07
A Based on yields, supply and demand, when 12: 07
the 128x8s are rare and hard to get, they can cost 12: 07
nore than two 64Mox8s. But as they becone nore 12: 07
mat ure and nore conmon, they can get cheaper than 12: 07
two 64Mox8s. 12: 07
Q So it really depends on the cycle? 12: 07
A Yes. 12: 07
Q So by 2004, 2005, do you have any sense as 12: 08
to which nenory device would be cheaper per nenory 12: 08
uni t? 12: 08
A | don't recall the exact pricing fromthat 12: 08
time period. But | would expect that there would be 12: 08
exanpl es on the market that would be comonly known 12: 08
where hi gh-density nenory was nore expensive than 12: 08
using lowdensity nmenmory for the sane capacity. And 12: 08
there woul d be exanpl es of the opposite as well. 12: 08
Q So when woul d you use, for exanple, four 12: 09
32Mox16 DRAM device on a -- on a nodul e instead of 12: 09
two 64Mox16 DRAM devi ce? 12: 09
A There are two situations. One is if you 12: 09
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wanted to build a x64 nodule, then you would do 12: 09
that. The other exanple is when four 32Mox16 chi ps 12: 09
is cheaper than two 64Mox16 chips or nore readily 12: 09
avail able, you mght do it in that situation as 12: 09
wel | . 12: 09
Q And reason nunber one, you are assumng a 12: 10

x64 menory nodule as well as all four of the DRAM 12: 10
devices woul d be used in one rank; is that correct? 12:10
A In that particular situation, yes. 12: 10

Q So what if you are using a x16 menory 12: 10
nodul e wi dth and you are trying to build a 2-gigabit 12: 10
menmory -- let's take one step back. 12: 10
Let's say that you are trying to build a 12: 10

menmory nmodule with x16 bit width. Do you get that? 12: 11
A Okay. 12: 11

Q Then each of the x16 device would need to 12: 11

be inits own rank by your definition, correct? 12: 11
A. Yes, that would normally be what you would 12: 11

do. 12: 11
Q Ckay. So in that situation, when woul d 12: 11

you be using a four 32Mox16 device organized in 12: 11
supposedl y four ranks versus two 64Mox16 DRAM devi ce 12: 11
organi zed in supposedly two ranks? 12: 11
A There woul d be a nunber of notivations to 12: 11

do it. One would be a pricing anal ysis. 12: 11
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Q Okay. 12: 12

A Anot her woul d be a performance anal ysis 12: 12
based on the fact that having nore ranks wl| 12:12
typically allow you to have nore pages open at a 12:12
time. Those would be the two primary things that 12: 12
you woul d consi der. 12: 12

Q What about power consunption? Wuld there 12: 12
be any difference? 12: 12

A So the choice is two ranks -- or four 12:12
ranks of 32Mb versus two ranks. Yes, the four ranks 12:12
woul d have | ower power consunption under typical use 12:12
condi tions. 12:12

Q VWhy is that? 12: 12

A Because the nunber of chips responding to 12: 12
any individual command would be smaller. That would 12: 12
be the primary reason. And the increased nunmber of 12: 12
avai l abl e pages woul d be the other reason. 12: 12

Q What do you nean by the increased number 12: 13
of avail abl e pages? 12: 13

A You have one page register per bank. So 12:13
in the case of four 32Mox16, you woul d have 16 banks 12: 13
of menory, with a "B," 16 bits wi de, where in the 12: 13
case of four 64Mox8s arranged in two ranks, you 12: 13
woul d have eight banks -- with a "B" -- with eight 12: 13
page registers, each 16-bit wide. So that's a 12: 13
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little bit | ower performance in nost situations 12: 13
and -- 12:13
(Si mul taneous speakers.) 12: 13

Q  Then -- 12: 14

A.  -- power -- 12: 14

Q Okay. Then would the 64Mox8 and the 12: 14
32Mbx16, woul d they have simlar power consunption? 12: 14
A It depends what you nean by "sinmilar." | 12: 14
think generally, in the configurations that we 12: 14
tal ked about in the |ast question, the 32Mox16 woul d 12: 14
be the | ower power option. But there are various 12: 14
trade-offs one has to | ook at dependi ng on whet her 12: 14
it's buffered or unbuffered and cost. 12: 14
Q When you say buffered and unbuffered, what 12: 14

do you nean? 12: 14
A You have to | ook at the actual |oading on 12: 14

i ndi vidual signal lines in an unbuffered device, and 12: 14
that may limt your options or it may limt the 12: 14
speed of sone of your options. You have to | ook at 12: 14
t he details. In a buffered device, that's | ess of 12: 14
an issue. 12: 15
Q When you say buffered, what buffer are you 12: 15

tal king about? Data buffer? Control signal buffer? 12: 15
A Any -- any of those. You would have to 12: 15

anal yze them all. 12: 15
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Q In Perego's case are there buffers? 12: 15

A Yes, in Perego's case | believe everything 12: 15

i s buffered. 12: 15
Q And did you perform an analysis for that 12: 15
buffered DRAM as to the power consunption and the 12: 15
performance difference for -- for a nenory nodul e 12: 15
with four x8 device versus a nmenory nodule with four 12: 15
x30 -- x16 device? 12: 15
A No. That would be an ordi nary engi neering 12: 16
task. It would depend on the -- on the very 12: 16
detai |l ed specifications of the individual devices 12: 16
that you were using, and it would be part of any 12: 16
engi neering inplementation to do that analysis. Not 12: 16
to see which one's better but just to make sure that 12: 16
bot h choi ces are viabl e. 12: 16
Both choices would definitely be viable 12: 16

under certain conditions. You' d have to |ook at the 12: 16
conditions for your particul ar design. 12: 16
And as | nmentioned, there are fundanent al 12: 16
principles that would indicate that the x16 sinply 12: 16
i nvol ves fewer chips and has nore banks, and 12: 16
therefore, would generally be preferable in ternms of 12: 16
power consunpti on. 12: 16
Q So we're tal king about 4x4 -- let nme 12: 17

wi t hdraw t hat . 12: 17
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We're tal king about four 32Mox16 chip 12: 17

versus four 16Mox8 chips, correct? 12: 17
A Correct. 12: 17

Q So they would have the same nunber of 12: 17
chi ps and banks? 12: 17
A No. | can see why that would be 12: 17

conf usi ng. 12: 17
The fact is, if you were to use the 64Mix8 12: 17

in a x16 configuration, you would have to use the 12: 17
chips in pairs for each access. So you would not 12: 17
get 16 banks. You would only get eight. 12: 17
Q But if you use 16Mox16, that will be the 12:18

same nunber of chips as when you used 32Mox16; is 12: 18
that right? 12: 18
A 16Mox16 versus 32Mox167? 12: 18

Q No, 64Mox16. So the last entry in 12:18
Tabl e 3. 12: 18
A It would be the same number of chips but 12: 18

di fferent capacity, yes. 12:18
Q Ckay. So -- and there are nore banks per 12:18

chip for the 64Mox16 than the 32Mox16, correct? 12: 18
A. In this generation, that was correct, yes. 12: 18

Q So woul dn't that nean the 64Mox16, it 12: 18
woul d be -- actually consunme | ess power per menory 12: 19
unit than the 32Mox16? 12:19
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A Ordinarily that would be the case, but you 12: 19
woul d have to | ook at the details. It would depend 12: 19
on -- it would depend on a |lot of details. 12:19

Q Ckay. So ordinarily, if you use two 12:19
64Mbx16 nmenory nodule, it will consunme | ess power 12: 19
than a menory nmodule with four 32Mox16 devi ces, 12: 19
assumi ng that the nmodule bit width is 16. 12: 19

Does that sound right? 12: 19

A Again, it depends on the details, but that 12: 19
woul d ordinarily be the case or nost conmonly be the 12: 20
case. The reason one would not do that is it m ght 12: 20
cost 10 times as much at certain points in the 12: 20
product cycle. 12: 20

Q Okay. But once they both get to the mass 12: 20
producti on phase, the nenory cost would at | east be 12: 20
conparable, if not cheaper, for the 64Mix16; is that 12: 20
ri ght? 12: 20

A At some point that usually happens, but 12: 20
it's not necessarily when they both neet -- hit nmss 12: 20
production. Because it could be that still that the 12: 20
yields are lower. On the -- on the higher-density 12: 20
device, the tooling is nore expensive. At sone 12: 20
point, historically prices have al ways crossed over. 12: 20
But it's not always at the point where they both 12: 20
reach mass production. 12: 20
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Q Okay. And do you know the price 12: 20
difference per nmenory unit in the 2004 and 2005 tine 12: 21
peri od? 12: 21

A. It would have varied week to week. 12: 21

Q But do you know what the general trend 12: 21
was ? 12: 21

A No, not off the top of ny head. 12: 21

Q And ordinarily would a nmenory nodule with 12: 21
two 64Mox16 nmenory device performbetter than a 12: 21
menory nodule with four 32Mox16 device, assum ng the 12: 21
bit width is x16 for the nenory nodul e? 12: 21

A In the majority of cases for these 12: 21
generations, | believe that it would. But again, it 12: 21
may be cost prohibitive. 12: 21

Q Okay. We've been tal king about nenory 12: 22
nodul es. \What is your understandi ng of what a 12: 22
menory nodul e is? 12: 22

A. In the context of these patents, it's 12: 22
typically a printed circuit board that has one or 12: 22
more nmenmory chips soldered on it along with 12: 22
potentially one or nore supporting conponents. 12: 22

Q So if you have a PCl card with nmenory 12: 22
di sposed on them are they menory nodul es? 12: 22

A It depends on the tine frame and the 12: 22
concept -- context. Certainly the PCl replaced the 12: 22
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| SA bus. And in the early days of the | SA bus, 12: 22
there were certainly menory nodul es that went onto 12: 22
an | SA bus. 12: 22
But by the 2004-2005 time frame, | think 12: 22

the intent, or the usage of that termin the '912 12: 23
patent seens to be consistent with a nmenory nodul e 12: 23
that was intended to go into a dedicated nenory sl ot 12: 23
and not a general -purpose 10 slot. 12: 23
Q Okay. So like by 2004-2005 tine period, 12: 23

if a person of ordinary skill in the art at one tinme 12: 23
was tal ki ng about menory nodul e, they are thinking 12: 23
about a printed circuit board that's going to be 12: 23
inserted into a nmenory slot rather than a 12: 23
gener al - purpose bus sl ot. 12: 23
Does that sound right? 12: 23

MR. CHANDLER: Objection. Form 12: 23

THE WTNESS: | think that would be the 12: 23

most common, but | think they would be famliar with 12: 23
bot h. 12: 23
BY Ms. ZHONG 12: 23
Q " mjust asking you, when a person of 12: 24
ordinary skill in the art hear the word "nenory 12: 24
nodul e, " what would they understand it to be? 12: 24
A | think they'd look for context. And in 12: 24

the context of the '912 patent, | think that they 12: 24
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are | ooking for something that would go into a 12: 24
dedi cated nenmory slot. But in another context, they 12: 24
may be | ooking for sonething broader. 12: 24
Q And in what context would they understand 12: 24

it to be sonething broader? 12: 24
A There are many historical systens | can 12: 24
think of. The VME bus conputers. The |DE bus 12: 24
conputers in which nenory nodul es were conmonly 12: 24
pl aced i n general -purpose slots. Again, | think it 12: 24
just depends on what the context of the systemis. 12: 24
Q And when you say VME bus conputers, |DE 12: 24

bus conmputers, those were old conputer systens 12: 24
predating -- before like 2000; is that correct? 12: 25
A They were predom nantly before 2000. They 12: 25

were still in use in 2000, but they weren't popul ar. 12: 25
Q Woul d t hey have been phased out by the 12: 25
2007-2008 tine period? 12: 25
A. | don't know. They wouldn't have been 12: 25
common on desktops, but they survived for a |ong 12: 25
time in -- in industrial applications. 12: 25
Q '912 deals with the concept of rank 12: 26

mul tiplication, correct? 12: 26
A It does. 12: 26

Q When is rank nultiplication used? 12: 26

Let me wi thdraw and reask. 12: 26
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When woul d a person of ordinary skill in 12: 26

the art apply the rank nultiplication concept? 12: 26
A. Whenever they had any reason to use a 12: 26

| arger nunber of |owdensity nenory devices instead 12: 26
of a smaller nunber of high-density devices, or in 12: 26
sone cases where only the devices -- where there's 12: 26
not a distinction in ternms of density but there's a 12: 26
distinction in terns of availability. 12: 26
Q When you say "availability," what 12: 27
availability? 12: 27
A. In other words, if | have two kinds of 12: 27
menories that have the sane density. And | could 12: 27
potentially use one wi thout rank nultiplication and 12: 27
one with rank nmultiplication. But the one that 12: 27
woul d be used without rank nultiplication isn't 12: 27
available in the quantities that | need. Then I 12: 27
could use the rank nultiplication instead. 12: 27
Q So for commopdity SDRAMs, the second reason 12: 27

for availability is less of a concern; is that 12: 27
correct? 12: 27
A. No. Historically commodity SDRAMs have 12: 27

been cyclical in ternms of their price and 12: 27
availability. So there are periodic shortages. 12: 27
That's one of the things that has actually driven 12: 27
variations in nmenory nodul e i npl ementati on. 12: 27
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Q And when woul d you use | ower-density 12: 28
menory devices instead of high-density menory 12: 28
devi ces? 12: 28

A. There coul d be a nunmber of reasons. But 12: 28
primarily it's either because you get a | ower cost 12: 28
per unit or you have inproved availability. 12: 28

Q When you say "lower cost per unit," what's 12: 28
a unit, nmenmory unit? 12: 28

A Yeah, unit of storage. 12: 28

Q And when woul dn't you use rank 12: 29
mul tiplication? 12: 29

A There's a nunmber of considerations. |If 12: 29
you wanted to use a snmall nunber of menory devices 12: 29
and that was your cheapest approach, that could be a 12: 29
reason not to use rank rultiplication. 12: 29

If you wanted to build a very sinple 12: 29
device that had the smallest anmpunt of additional 12: 29
logic on the DIMM that could be notivation. 12: 29

But again, usually the notivation is total 12: 30
cost per unit menory, which can change over tine. 12: 30
So often in the |ate stages of a generation of 12: 30
menory devices, you can build a conplete DIMM with 12: 30
one or two or four or eight devices in a single rank 12: 30
cheaply. And at that point, rank nultiplication my 12: 30
not solve the problemfor certain custoners. 12: 30
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Q But if you have -- but if there's only a 12: 30
singl e device per rank, would cost still be a 12: 30
consi deration? 12: 31

A. Coul d be. So, for example, if I'm-- if 12: 31
' m maki ng conputers for 3rd graders and | can have 12: 31
themrun the software using a one-rank, one-device 12: 31
menory system that could be very cheap and 12: 31
effective. 12: 31

Q Why woul d you even have a nmenory nodule if 12: 31
there's only a single device per rank? Can't you 12: 31
just connect the DRAM directly to the menory systenf 12: 31

A You can, but there are many reasons why 12: 31
you may not want to. One of those nay be you want 12: 31
to repurpose the sanme conputer system for different 12: 32
markets. So you may want to have a version with 12: 32
more menory that you sell to 6th graders than the 12: 32
one that you sell to 3rd graders. 12: 32

Anot her version -- reason nay be, as you 12: 32
said, nenory tends to be a commpdity so you don't 12: 32
want to commt to a particular chip at the tinme that 12: 32
you're making the boards. Instead, at the tine that 12: 32
you sell the conmputer out the door, you want to 12: 32
purchase your nmenmory on a nodule just in tine since 12: 32
you don't have the carrying costs to that nenory. 12: 32
Those are sone of the comon reasons. 12: 32
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33

MS. ZHONG Do you want to take a |unch

break right now?

THE W TNESS: We can do that.
MS. ZHONG Do you want to take an hour?
MR. CHANDLER: That's fi ne.
(Wher eupon a |l uncheon recess was had.)
12: 33 7 (OFf record:

(On record: 1:30 p.m)

12: 32
12: 32
12: 32
12: 33
12: 33

12: 33
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Wednesday, January 4, 2023 01: 30
1:30 p. m 01: 30
01: 30
MS. ZHONG:. We can go back on the record. 01: 30
EXAM NATI ON (resuned) 01: 30
BY Ms. ZHONG 01: 31
Q Dr. Wlfe, can you pull up Exhibit 1004 01: 31
{sic}, which is U S. Provisional Application 01: 31
60/ 588244. 01: 31
(Exhi bit 1005 was marked for 01: 31
i dentification and attached 01: 31
hereto.) 01: 31
BY MS. ZHONG 01: 31
Q Do you have that docunent? 01: 31
A G ve ne the exhibit again. 01: 31
Q Exhi bit 1005. Exhibit 1005. 01: 31
MR. CHANDLER: Can we pause for a nonent? 01: 31
My col | eague got kicked out fromthe Zoom and he's 01: 31
com ng back in. 01: 31
M5. ZHONG. So let's go off the record 01: 31
while waiting for himthen. 01: 31
(Brief pause in proceedings.) 01: 31
BY Ms. ZHONG 01: 32
Q Do you have Exhibit 1005, Dr. Wl fe? 01: 32
A Yes. 01: 32
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Q You are famliar with this docunent, 01: 32
correct? 01: 32
A Yes. 01: 32

Q Can you pl ease take a | ook at paragraph 10 01: 32

t hrough 19. 01: 32
A Okay. 01: 32

Q Do you see there's a Table 1 in 01: 33
paragraph 117 01: 33
A Yes. 01: 33

Q In Table 1, follows 2, 3, 4 and 5 have the 01: 33
headi ngs CSO, CS1, An+l1 and Control. 01: 33
Do you see that? 01: 33

A | do. 01: 33

Q Are those input signals received fromthe 01: 33
menory systemin order to select the rank? 01: 33
A A subset of themare in some cases. 01: 34

Q Are those the signals that's received by 01: 34

the ASIC depicted in Figure 1? 01: 34
A. They appear to be with the distinction 01: 34

that in Table 1 there's only a single control 01: 34
signal. And in the text it explains that only a 01: 34
single control signal is required. 01: 34
Q What do you mean by only a single control 01: 34
signal is required? 01: 34
A Let me see if | can find that. 01: 35
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Par agraph 10, it says at |east one control 01: 35

signal . 01: 35
Q Ckay. If you |l ook at paragraph 11, 01: 35

note 4, that describes what the control in Table 1 01: 35
refers to; is that correct? 01: 35
A. Yes. 01: 35

Q Okay. So in Table 1, the control refers 01: 35

to a number of control signals that define 01: 35
operations such as refresh, precharge, and other 01: 35
operations, correct? 01: 35
A That is what note 4 says. 01: 35

Q And what woul d those control signals be if 01: 35

the DRAM i s JEDEC compliant on the DRAM -- 01: 36
THE REPORTER: I"'msorry. "If the DRAM 01: 36

is"... 01: 36
BY Ms. ZHONG 01: 36
Q And what woul d those control signals be if 01: 36

the DRAM is a JEDEC conpliant DRAM devi ce? 01: 36
A. Well, there are many different kinds of 01: 36
JEDEC conpl i ant DRAM devi ces, but a typical exanple 01: 36
could be RAS, CAS, and wite enabl e. 01: 36
Q Does it need to have chip select signal? 01: 36

A No, because the chip select signals are 01: 37
separately defined CSO and CS1. 01: 37
Q Okay. And for read and wite operation, 01: 37
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does it also need to -- does bank address 01: 37
i nformati on al so need to be provided? 01: 37
A. Agai n, there's nothing that needs to be 01: 37
provi ded ot her than sonething that perforns the 01: 37
function. But | would not expect bank address to be 01: 37
provided. | don't -- I'mnot aware right now of a 01: 37
situati on where bank address defines operation such 01: 37
as refresh and precharge. 01: 37
Q So you mean -- what about a read and a 01: 37
wite? 01: 37
A Vhat about thenf 01: 37
Q So are read and wite operation, do bank 01: 37
addresses need to be provided in order to define the 01: 38
operation? 01: 38
A. They may need to be provided to the nmenory 01: 38
chip in order to identify where the operation should 01: 38
t ake place, but they don't need to be provided to 01: 38
t he ASI C decoder that's shown in Figure 1. 01: 38
Q The ASI C decoder says the control involves 01: 38
control signals that define operations, correct? 01: 38
A. No, that's what Table 1 says. 01: 38
Q And paragraph 19 says, "The 'Control’ 01: 38
colum of Table 1 represents the various conmands 01: 38
t hat a DRAM devi ce can execute, exanples of which 01: 38
include, but are not limted to, activation, read, 01: 38
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write, precharge, and refresh,"” correct? 01: 39
A Correct. 01: 39

Q And we discussed earlier that for a JEDEC 01: 39
conpliant SDRAM the conmand for a read and wite 01: 39
operation and activation would include bank address 01: 39
signals, correct? 01: 39
A We're tal king about different things here. 01: 39

So, one -- there's nothing in Figure 1 01: 39

that indicates that that's a JEDEC conpli ant DRAM 01: 39
But even so, the discussions we had before were 01: 39
about what the DI MM nodul e woul d receive, not what 01: 39
an ASI C decoder on a DI MM nodul e woul d receive. And 01: 39
those are two different issues. 01: 39
Q Okay. |'mjust asking the control 01: 39

i nformati on of the command signals that a DRAM - - 01: 39
et me withdraw and ask. 01: 40
The conmands that a DRAM devi ce can 01: 40

execute includes a read operation conmand, correct? 01: 40
A. It woul d depend what kind of DRAM devi ce. 01: 40

But that would be true for npst DRAM devices is that 01: 40
there's sone type of a read operation. 01: 40
Q Okay. So let's say, since you are only 01: 40
citing the JEDEC conpliant DRAM devices, for those 01: 40
DRAM devi ces, the conmmands for a read and wite 01: 40
operation includes bank address infornmation, 01: 40
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correct? 01: 40

A Let's be clear. |I'mnot only citing JEDEC 01: 40
conpl i ant DRAM devices. And where | do cite them 01: 40
it's toillustrate the obviousness issues with 01: 41
respect to particular references. The -- | would 01: 41
not rely on the JEDEC conpliant DRAM specification 01: 41
as a way to understand what's disclosed in 01: 41
Exhi bit 1005. 01: 41

Q The DRAMs in Exhibit 1005 are to be used 01: 41
with a general personal conputer, correct? 01: 41

A Yes. 01: 41

Q And we agree that a JEDEC conpliant DDR or 01: 41
DDR2 DRAM device in order to execute -- let's 01: 42
withdraw -- let nme withdraw and reask. 01: 42

So the commands are for a read operation 01: 42
for a DRAM device that is conpliant with JEDEC 01: 42
st andard woul d i ncl ude bank address information; is 01: 42
that correct? 01: 42

A. As | said, there are many, nmany JEDEC 01: 42
standards. | can't generalize about all of them 01: 42

Q Okay. The JEDEC standards you cited. 01: 42

A. | woul d not consider the bank addresses to 01: 42
be part of the command, no. They are supplied al ong 01: 42
with a command, but in the -- for exanple, 01: 42
Exhi bit 1029, when | |look at a conmand |i ke the bank 01: 43
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activate command, the bank activate command is 01: 43
i ssued by holding CAS bar and wite enabl e bar high 01: 43
with chip select bar and RAS bar |ow at the rising 01: 43
edge of the clock. 01: 43
Q And bank address signal is supplied with 01: 43
t hose conmands in order to execute the bank 01: 43
activation? 01: 43
A It is supplied to the DRAM chip along with 01: 43
the conmand. It is neither part of the command nor 01: 43
is it sonething that necessarily would go through a 01: 43
separate logic circuit. 01: 43
Q Okay. And | think you nentioned earlier 01: 43
that it is not necessary for the | arger conponent to 01: 43
actually receive the bank address signal. All it 01: 43
requires for a JEDEC conpliant SDRAMis for the DRAM 01: 44
itself to receive the bank address; is that correct? 01: 44
A In order to use a DRAM chip such as the 01: 44
kind that's described in Exhibit 1029, that is 01: 44
correct. 01: 44
Q Ckay. So the bank address signal need not 01: 44
be received by a larger elenent? 01: 44
A. Not in every utilization of a DDR2 devi ce, 01: 44
no. 01: 44
Q Okay. And so is there anything in Perego 01: 44
actually nentions the bank address signal being 01: 45
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passed to the buffer address -- buffer device? 01: 45
A | believe all the signals that are 01: 45
communi cated in Perego fromthe host are passed 01: 45
t hrough buffer devices. 01: 45
Q Does Perego actually nention a bank 01: 45
address in particular? 01: 45
A It nentions nenories that have banks. And 01: 45

it mentions specific nmenmory types |i ke DDR that 01: 46
woul d -- a person of ordinary skill would understand 01: 46
has a bank address. 01: 46
Q So if you nention DDR or DDR2, does that 01: 46
necessarily nean a JEDEC conpliant DDR or the DDR2 01: 46
devi ce? 01: 46
A No, not always. But it would certainly 01: 46
cause a person of ordinary skill to find the use of 01: 46
one obvi ous. 01: 46
Q So in Figure nunber 1, how woul d the bank 01: 47

-- (indiscernible.) 01: 47
THE REPORTER: ' msorry, Counsel. 01: 47

Counsel, can you speak nore to your right? W're 01: 47
| osing you. Thank you. 01: 47
BY Ms. ZHONG 01: 47
Q So in Figure nunber 1, if the DRAM device 01: 47

is a DDR or DDR2 JEDEC conpliant device, how would 01: 47
t he bank address information be provided to that 01: 47
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DRAM devi ce? 01: 47
A Fi gure 1 of Perego? 01: 47

Q No, Figure 4, Exhibit 1005. 01: 48

A. So, again, there's no nention of JEDEC 01: 48
standard devices. But if one were to choose to 01: 48
i mpl ement Figure 1 of 1005 with DDR2 JEDEC conpli ant 01: 48
devices like in Exhibit 1029, they would have to 01: 48
consult Exhibit 1029 to figure out how to connect 01: 48
t hem up. 01: 48
And presumably they would sinply take the 01: 48

bank address signals directly fromthe host bus and 01: 48
connect themdirectly to each nenory device. That 01: 48
woul d certainly be the sinplest way to inplenment it. 01: 48
Q Woul d t he bank address information be 01: 49
required to operate a JEDEC conpliant DDR or DDR2 01: 49
devi ce? 01: 49
A. | don't know that | could ook -- I'd have 01: 50

to think about it. 01: 50
No, | mean, it's not required in all 01: 50
circunstances. But if one were to build an ordinary 01:50
PC nmenory nodul e, one would -- typically at that 01: 50
time, the sinplest thing to do would be to connect 01: 50
the bank address signhals directly fromeach nenory 01: 50
device to the host conputer nmenory controller. 01: 50
Q Even when you have a register? 01: 50
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A Well, it depends why you have a register. 01: 50

In this particular case, the register is quite 01: 50
limted and is only used for a subset of address 01:50
si gnal s. 01:50
Q What about on the -- (indiscernible.) 01: 50

THE REPORTER: |'m sorry? 01: 51

THE W TNESS: \What about on the what? 01:51

BY Ms. ZHONG 01: 51
Q On the (indiscernible) -- 01:51

THE REPORTER: | don't -- 01:51

MS5. ZHONG It's on Exhibit 1032. 01:51

MR. CHANDLER: Are you saying registered 01:51

DIMM the letter R DI MW 01:51
MS. ZHONG  Yes. 01:51

MR. CHANDLER:  Ckay. 01:51

THE W TNESS: And what's the question 01:51

about the registered DI MV? 01:51
BY Ms. ZHONG 01: 51
Q Ckay. So for the DIMMthat's described in 01:51

Exhi bit 1032 -- 01: 51
A Yes. 01:51

Q -- where are the advance signals sent? 01:51

A In the DMV that are described in 01:51

Exhi bit 1032, the bank signals fromthe host 01:51
conputer are registered. And then the registered 01:51
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copies of those signhals are sent to each of the 01: 52
SDRAM chi ps. 01: 52
Q For the registered DI MM shown in 01:52
Exhi bit 1032, does that register have any | ogic 01:52
function? 01: 52
A Not in the way | would normally use that 01: 52
term no. It's sinply register. 01: 52
Q How woul d you use -- what's your 01: 52
definition of a |ogic el ement? 01: 52
A Well, again, it depends on context. But 01: 52
in the context of something like the '912 patent or 01: 52
Exhi bit 1005, | would think that a | ogic el ement 01: 52
performs | ogic functions by combining nmultiple 01: 52
signals for the purpose of incorporating a |ogic 01: 53
equati on and not sinply del aying a signal. 01: 53
Q Okay. And what is sequential |ogic? 01: 53
A What is sequential |ogic? 01: 53
Q  Yes. 01: 53
A Sequential logic -- again, you have to 01:53
| ook at the context. Normally it describes a 01:53
conbi nation of logic functions and registers. 01: 53
Q What do you nmean by "It describes a 01: 53
conbi nati on of logic functions and registers"? 01: 53
A I don't know how to sinplify this down to 01: 53
a single statenment. It takes us hours or days to 01: 53
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explain it to students. 01: 54
But sequential logic inplenments what we 01: 54

call state machines, which are tinme-variant |ogic 01: 54
functions that can performdifferent | ogic equations 01: 54
at different points in tinme based on the storage of 01: 54
what we call state partial results. 01: 54
Q Okay. So in order to inmplenent a 01: 54
sequential logic, normally you woul d need to have 01: 54
both electrical elenments that execute the logic 01: 54
function and al so storage el enments that store the 01: 54
state of the device? 01: 54
Does that sound correct? 01: 54

A It would normally -- 01: 54

MR. CHANDLER: Objection. Form Also 01: 54

i nconpl ete hypot heti cal . 01: 54
THE W TNESS: GCenerally, to performa 01: 55
sequential logic function the way that |'ve defined 01: 55
it, you would need both state storage in the form of 01: 55
a register or an equivalent, plus sone what we call 01: 55
conbi nati onal |ogic functions. 01: 55
That doesn't nean that the same signals 01: 55

are provided to both, or it doesn't nean that they 01: 55
work in any particular way, but they would both 01: 55
sonehow be present. 01: 55
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BY Ms. ZHONG 01: 55
Q Ckay. MWhat is conbinatorial |ogic? 01: 55
A. Conbi natorial logic is |ogic that does not 01: 55
store results, basically. 01: 55
Q So basically it's -- it generally only 01: 55
refers to the | ogic operation without the storage 01: 55
unit? 01: 55
A Correct. GCenerally, a change in input 01: 55
woul d be reflected as a change in output and a cl ock 01: 55
is not required. 01: 55
Agai n, you know, it gets nore conplicated 01: 55
than that when you dig into the details, but that's 01: 55
kind of a -- a very high-1level overview. 01: 56
Q Okay. |Is that something a POSI TA woul d 01: 56
have understood in 2004 and 2005 as to what 01: 56
sequential logic and conbinatorial logic is? 01: 56
A They woul d have understood the textbook 01: 56
definitions, yes. 01: 56
Q You said that the -- why don't you pull up 01: 56
Exhibit 1009, the patent ending with '436. 01: 56
A. Okay. 01: 57
(Exhi bit 1009 was previously 01: 57
mar ked for identification and 01: 57
attached hereto.) 01: 57
BY MS. ZHONG 01: 57
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Q Is it your opinion that '436 patent does 01: 57

not describe the solution for the back-to-back 01: 57
adj acent reads with cross nmenory devi ce boundary? 01:57
A. It does not. 01: 57

Q And what is a back-to-back adjacent read 01: 58
command i ssue that we're tal ki ng about? 01: 58
A That when commonly avail abl e protocols at 01: 58

the tinme, such as the DDR and DDR2 protocols, were 01: 58
used together with a very sinple rank nultiplication 01: 58
schenme, there was a probl em when a read command went 01: 58
to one rank and a subsequent read command went to 01: 58
another rank in that certain signals were driven for 01: 58
a longer time period than it would take to simply 01: 58
respond or to sinply provide the data in response; 01: 58
that there were preanbles and postanbles in the 01: 58
response signals. 01: 59
And if one sinply connected up two ranks 01: 59

to be sequentially accessed, those signals could 01: 59
conflict with each other. And sonme mechani sm had to 01: 59
be introduced in order to distinguish those signals 01: 59
or to block one of those signals so that there would 01: 59
be no interference. 01: 59
Q So it's -- is it essentially a DQS bus 01:59
conflict situation then? 01: 59
A Did you say d2s? 01: 59
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Q DQS, Q as in quiet. 01: 59

Let me | ook at the actual signal nane 01: 59

t here, vyes. 01: 59
That's -- that's the -- the significant 01: 59

one. There's DQS and DQS bar in sonme generations. 01:59
And that's where the preanble and postanbl es woul d 02: 00
exi st. 02: 00
And one of them-- either the timng needs 02: 00

to be adjusted between the two ranks or one of those 02: 00
DQS response signals to a read needs to be bl ocked 02: 00
or they need to be conbi ned. 02: 00
Q Okay. So basically we're tal king about a 02: 00

DQS bus conflict situation, howto resolve it? 02: 00
A That's the nobst common situation that 02: 00
woul d come up, yes. 02: 00
Q Okay. Let's see. 02: 00

Can you pull up Exhibit 1030, page 19. 02: 00

A Yes. 02: 01

Q And you reference the Figure 8 in your 02: 01

di scussion of the read -- the back-to-back read 02: 01
si tuati on. 02: 01
Is Figure 8 depicting a back-to-back read 02: 01

that's across rank boundaries? 02:01
A So the -- the -- the sinplest 02: 01
interpretation of Figure 8 is that it represents 02: 01
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burst read operation to a single device. However, 02: 01
if one were to inplenment a systemin which two ranks 02: 01
are nade to appear as if they are one | arger device, 02: 02
then this sane protocol would be used across ranks 02: 02
but in a way that would not operate properly unl ess 02: 02
some accommmodati ons were nade. 02: 02
Q But it says -- on Figure 8 it says, "Read 02: 02
conmmands shown nust be to the sane device," correct? 02: 02
A It does. And the reason that that's still 02: 02
apropos in a systemthat uses rank nmultiplication is 02: 02
that the host believes that the read command is 02: 02
going to the sane device and, therefore, expects to 02: 02
use this protocol, when in fact the actual read 02: 02
commands woul d be duplicated as part of the rank 02: 02
mul tiplication and, therefore, go to separate 02: 02
devices. That's what causes the conflict that nust 02: 03
be resol ved. 02: 03
Q And so your interpretation of the same 02: 03
device refers to the device in the same rank; is 02: 03
that correct? 02: 03
MR. CHANDLER: Objection. Form 02: 03

THE WTNESS: No. Wen it says "sane 02: 03

device" on page 19, it neans that this protocol is 02: 03
i ntended to support back-to-back reads on the sane 02: 03
device. However, as | nentioned -- 02: 03
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BY Ms. ZHONG 02: 03
Q When the -- 02: 03
A. -- already, if the host believes that two 02: 03
ranks are in fact the same device, then this 02: 03
protocol would be expected by the host as well. 02: 03
Q When you say "the sane device," are you 02: 03
referring to a single D rank or a rank of D rank 02: 03
devi ces? 02: 04
A In practice, it would be a rank. 02: 04
Q Okay. And so for the back-to-back read 02: 04
conflict that you were discussing, if there are ways 02: 04
to resolve DQS bus conflict situation, then that 02: 04
probl em woul d be solved; is that correct? 02: 04
A It is a solvable problem but additional 02: 04
mechani sns need to be added to the very sinplest 02: 04
rank nultiplication schenes. 02: 04
Q Okay. So if there are schenmes to solve 02: 04
the bus -- DQS bus conflict problem then it's not 02: 04
an i ssue, correct? 02: 04
A If you incorporate a nechanismto solve 02: 05
the problem then it is no |onger a problem 02: 05
Q And the problemis a DQS bus conflict 02: 05
probl em correct? 02: 05
A That would be the problemthat | would be 02: 05
nmost concerned about is the DQS or DQS bar bus 02: 05
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conflict. 02: 05
Q Okay. Can you also pull up Exhibit 1029? 02: 05

A Yes. 02: 05

Q Page 28 or 29? Page -- which is the one 02: 05
cited for the back-to-back read. G ve ne a second. 02: 05
So on page -- canh you go to page 28 and 02: 06

29. 02: 06
A Okay. 02: 06

Q And do you see Figure 27 -- 02: 06

A Yes. 02: 06

Q -- on page 287 02: 06

Ri ght above the caption it says, "This 02: 06

operation is allowed regardl ess of sanme or different 02: 06
banks as long as the banks are activated." 02: 06
Do you see that? 02: 06

A Yes. 02: 06

Q And the banks here refer to the internal 02: 06

i ndependent nmenory arrays in the DRAM devi ce and not 02: 06
a rank; is that correct? 02: 06
A. | don't recall whether or not ranks are 02: 07
excluded here. It certainly covers -- let's see. 02: 07
Burst -- back-to-back bursts. 02: 07
Q So ny question is nore what does bank nean 02: 08
here? Does it nean the bank that we discussed this 02: 08
norning referring to the internal device 02: 08
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organi zation or it refers to rank? 02: 08
A. It refers to the internal device 02: 08
organi zation. But | would have to do some nore 02: 08
research to determ ne whether or not this particul ar 02: 08
diagram -- this particul ar sequence requires that 02: 08
t he banks be in the sanme chip. 02: 08
Q So by 2000 -- by the tinme of Exhibit 1029, 02: 08
general ly banks in a JEDEC docunment refers to the 02: 08
i nternal bank organi zation; is that correct? 02: 08
MR. CHANDLER: Objection. Form 02: 08

THE WTNESS: | haven't |ooked at all the 02: 08
docunments, but certainly in at |east some cases they 02: 08
di d. 02: 09
BY MS. ZHONG 02: 09
Q You are famliar with this docunent, 02: 09
correct? 02: 09
A | am 02: 09

Q So what's the use of a bank in this 02: 09
docunent? What is it referring to? 02: 09
A. Gve ne a mnute to | ook it over. 02: 09
|"msorry, |'mhaving sone trouble with 02: 10

the viewer here. Gve ne just a second. 02: 10
Looki ng at 10297 02: 10

Q Correct. 02: 10

A Certainly that |anguage transition had 02: 10
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started by this point. | don't recall whether or 02: 10
not it's a 100 percent consistent throughout the 02: 10
docunent . 02: 10
Q When it tal ks about bank address inputs, 02: 10

is it talking about the internal nmenory array 02: 10
organi zation within a device? 02: 10
A. In 1029 it is, because it's usually 02: 10
tal ki ng about a specific device. 02: 10
Q And when it tal ks about bank activation or 02: 11
writing to the sane bank, that also refers to the 02:11
bank within the same device; is that right? 02: 11
A It refers to a bank within a device. 02: 11
Depends on the context as to whether or not it's the 02:11
same device. 02: 11
Q It's not referring to the bank in that 02: 11
context? 02:11
A No. It's referring to a specific bank. 02: 11

But dependi ng on context, that bank may also be in a 02: 11
di fferent rank. 02: 11
Q In Figure 27 on page 28, when it says the 02: 11
banks are activated, that would be referring to the 02:12
i nternal organization of a nmenory device; is that 02:12
ri ght? 02:12
MR. CHANDLER: Object to form 02:12

THE WTNESS: |In Figure 27 when it says 02:12
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"banks are activated," that neans that an individual 02:12

menory array within one or nore menory devi ces has 02:12

been -- has been activated. 02:12

BY Ms. ZHONG 02: 12

Q Can you pull up Exhibit 1007, which is a 02:13

provi sional application ending with 59- -- actually, 02:13

pul | up Exhibit 1006, provisional application ending 02:13

with 668. 02: 13

(Exhibit 1006 was nmarked for 02:13

identification and attached 02: 13

hereto.) 02: 13

THE W TNESS: Ckay. 02: 13

BY MS. ZHONG 02: 13

Q Can you please go to Figures 1 and 2? 02: 13

A Okay. 02: 13

Q What is -- what is depicted in Figures 1 02: 13

and 2? 02: 14

A. Figure 1 schematically illustrates a 02: 14

configuration in which a DQS pin of a first device 02: 14

is connected to a DQS pin of a second devi ce. 02: 14

Figure 2 is a timng diagram of the 02: 14

vol tages applied to the two DQS pins due to 02: 14

nonsi mul t aneous swi t chi ng. 02: 14

Q Okay. So that is one situation where 02: 14

there can be DQS bus conflict, correct? 02: 14
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A. Well, the conflict would be where you have 02: 14
si mul t aneous swit chi ng. 02: 14
Q So, for exanmple, if one DQS is driven high 02: 14
while the other is driving -- driven |low and there's 02: 15
sone overlap in those tine periods, that could be a 02: 15
pr obl enf 02: 15
A It could. You could end up with -- 02: 15
Q That -- go ahead. 02: 15
A Yes, you could end up with an 02: 15
i ndeterm nate val ue. 02: 15
Q And that could also cause a DQS burn, bus 02: 15
burn, situation? 02: 15
A DQS bus? 02: 15
Q Basically like a DQS bus conflict 02: 15
si tuation. 02: 15
A Yes, it could be a conflict. 02: 15
Q And can you take a | ook at Figures 3 and 4 02: 15
of the '668. 02: 15
A Yes. 02: 16
Q Ckay. So shown in Figure 4, is that a 02: 16
solution to address the potential DQS bus conflict 02: 16
by using current-limting resistors? 02: 16
A My understanding is that it could prevent 02: 16
per manent damage to the device, but it would not 02: 16
ensure operation in the back-to-back read situation 02: 16
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t hat was of concern. 02: 16

Q So the solution would prevent danmage to 02: 17
t he DQS bus, correct? 02:17

A I haven't done analysis to figure out 02: 17
whet her or not it's effective, but that's what it's 02: 17
purported to do, and it's quite plausible that it 02: 17
woul d do that. 02:17

Q Okay. But you say it would not ensure 02: 17
operation in the back-to-back read situation. So 02: 17
what do you mean by that? 02: 17

A. In the situation that | describe in ny 02: 17
decl aration where a burst is -- involves one rank, 02: 17
and i nmedi ately a subsequent burst goes to a second 02: 17
rank, there would still be a signal conflict in 02: 17
whi ch the value of the signal, the voltage of the 02: 17
signal, would not be at an appropriate level for 02: 17
pr oper operation. 02: 17

Q And in Figures 1 and 2, if one DQS is 02: 18
driven high while the other is driven |ow at the 02: 18
same tine, that would al so cause a simlar situation 02: 18
as in the back-to-back read scenario you're 02:18
concerned with, correct? 02: 18

A There woul d be simlarities and 02:18
differences. The simlarity would be that there 02:18
woul d be an electrical conflict. The difference is 02:18

Page 129

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

that in this situation there's no explanation that 02: 18
it's inmportant to nmaintain the pulse timng and to 02: 18
not have out of spec voltages on the line. 02: 18
So there are physical simlarities but 02: 18

there are operational differences. 02: 19
Q So the main difference is nore a timng 02:19
issue? So for Figures 1 and 2, timng is less of a 02: 19
concern, while for the back-to-back read operation 02: 19
the timng of the DQS pul ses are nore inmportant? 02: 19
Is that what you're saying? 02: 19

A Somebody m ght describe it that way. O 02:19

it might also be useful to describe it as in the 02: 19
Exhi bit 1006, the presence of an internedi ate 02:19
voltage is not inportant at the time that it occurs, 02: 19
where in rank nultiplication using DDR or DDR2 DI Mvs 02: 19
an internmedi ate voltage as woul d occur in 02: 19
Exhi bit 1006 i s unacceptable. 02: 20
Q Ckay. So it is nore a signaling |evel 02: 20
issue at the particular time; is that correct? 02: 20
A It is a signaling level at a particular 02: 20
time. 02: 20
Now, there is also a concern about 02: 20

physi cal danmage, but 1006 nitigates the physical 02: 20
damage i ssue. 02: 20
Q Okay. So 1006 does involve the physical 02: 20
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damages issue? 02: 20

A It appears to. It appears to, but it does 02: 20

not maintain proper operation. 02: 20

Q Ckay. So the concern now i s whether the 02: 20

proper voltage level is provided at the right tine 02: 20

in order for you to have the right alignnment between 02: 20

the DQS and DQ Does that sound correct? 02: 21

A That is generally the problem yes. 02: 21

Q Dr. Wl fe, can you please refresh your 02: 21

Exhi bit Share and see whether you see an 02: 21

Exhi bit 2101. And that is Provisional Application 02: 21

60/ 590038. 02: 22

(Exhibit 2101 was marked for 02: 22

identification and attached 02: 22

hereto.) 02: 22

THE W TNESS: Okay. | have that. 02: 22

BY Ms. ZHONG 02: 22

Q Can you open it? 02: 22

A I did. 02: 22

Q Ckay. Can you pl ease take a | ook at 02: 22

Figures 1 and 2 of this exhibit, Exhibit 21017 02: 22

MR. CHANDLER: And let nme just | odge an 02: 22

objection as to relevance. | don't think we've seen 02: 22

this exhibit. And perhaps you can explain the 02: 22

rel evance to anything that was in Dr. Wl fe's direct 02: 22
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testimony or the '912 patent. But |I'mnot sure it's 02: 22
rel evant. 02: 22
MS. ZHONG. You don't think -- you don't 02: 22

think the priority docunent 4436 is relevant? 02: 22
MR. CHANDLER: Well, that's -- | 02: 23

apol ogi ze. | haven't nenorized all the provisional 02: 23
application nunmbers. So it would be helpful to tie 02: 23
this provisional to whatever it was we were talking 02: 23
about . 02: 23
BY Ms. ZHONG 02: 23
Q Dr. Wl fe, can you please take a | ook at 02: 23
Figures 1 and 2 of this docunment? 02: 23
A | see them 02: 23

MR. CHANDLER: And so then I'll just go on 02: 23

with the objection. 02: 23
| mean, if it's not tied to something in 02: 23

his report, I'd object to outside the scope. And 02: 23
al so we'd have issues of authenticity and hearsay. 02: 23
MS. ZHONG. You can object to the board 02: 23

and see what the board says. 02: 23
Q So for these two Figures 1 and 2, does -- 02: 23

do Figures 1 and 2 also offer solutions to the DQS 02: 23
bus conflict issue? 02: 24
A | haven't really spent time studying that 02: 24
aspect of this. [|I'mnot sure if |I've seen this 02: 24
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bef ore. 02: 24
Q Ckay. 02: 24

A. They appear to deal with issues related to 02: 24
term nation i npedence, which would be a different 02: 24
probl em than the one that | was tal king about 02: 24
bef ore. 02: 24
Q Okay. But it would at |east prevent 02: 24
damages to the device, correct? 02: 24
A Not necessarily. | think it's supposed to 02: 24

i npact signal reflections. 02: 24
Q What do you nean by signal reflections? 02: 24

A Hi gh-speed signals can have what are 02: 24
called term nation networks to prevent the signal 02: 24
fromreflecting, from bouncing back when it gets to 02: 25
the end of a wire. And that seenms to be the subject 02: 25
matter here. 02: 25
Q And what's the problem associated with 02: 25

si gnal bounci ng? 02: 25
A. There can be numerous problems. But the 02: 25
primary one is that it would inject noise into the 02: 25
signal, which would cause erroneous data to be 02: 25
conmuni cat ed. 02: 25
The paragraph -- 02: 25

Q Okay. 02: 25

A -- at the end tal ks about the signal 02: 25
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reflection problem 02: 25
Q Ckay. So basically one issue associ at ed 02: 25
with signal reflection is incorrect voltage | evels 02: 25
woul d show up and, therefore, cause data errors; is 02: 25
t hat correct? 02: 26
A Yes. |If you have an inproperly term nated 02: 26
hi gh-speed signal, the reflections can cause 02: 26
transi ent voltage deviations, which could cause data 02: 26
conmuni cation errors. 02: 26
Q Do you have any evidence that the sol ution 02: 26
of fered here would not work with renedial of the 02: 26
signal reflection errors that we just discussed? 02: 26
A | don't know one way or another. [It's a 02: 26
guantitative analysis and | haven't done it. 02: 26
Q And you have not considered this document 02: 26
in particular; fair? 02: 26
A. | did not consider this docunent, as far 02: 27
as | can recall. It does not seemto deal with the 02: 27
issues related to ny declaration. 02: 27
Q Ckay. Can you please take a | ook at the 02: 27
'436 patent, and the cover page in particular. 02: 27
A That's Exhibit 10097 02: 27
Q Correct. Exhibit 1009, cover page. 02: 27
A Yes. 02: 27
Q And ' 436 clained priority to Provisional 02: 27
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Application 60/590038, correct? 02: 27
A Correct. 02: 27

Q And that is Exhibit Nunber 2101, correct? 02: 28

MR. CHANDLER: Objection. Lack of 02: 28

f oundati on. 02: 28
THE WTNESS: | don't know how to find the 02: 28
provi si onal number on Exhibit 2101. 02: 28
BY Ms. ZHONG 02: 28
Q So | direct your attention to the cover 02: 28

page of Exhibit 2101. Are you there? 02: 28
A Yes. 02: 28

Q Do you see barcode on the right -- top 02: 28

ri ght-hand corner? 02: 28
A Yes. 02: 28

Q And do you see next to the barcode there 02: 28

is a series of nunbers, 60/590038? 02: 28
A. | see that. 02: 29

Q That nunmber matches up with the nunber 02: 29
that's beside it on the cover page of the 02: 29
'436 patent, correct? 02: 29
A It does. 02: 29

Q Okay. And if you can go to colum 1 of 02: 29

the '436 patent. 02: 29
A Okay. 02: 29

Q In the field with the title "Claim of 02: 29
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Priority," it says that this particular provisional 02: 29
application 6590038 is incorporated in its entirety 02: 29
by reference herein, correct? 02: 29
A. It does. 02: 29

Q So the description in 6590038 is part of 02: 29

the '436 patent? 02: 29
A |"'mnot an attorney, but that would be ny 02: 30
under st andi ng. 02: 30
MS. ZHONG: Let's take a 10-m nute break. 02: 30

MR. CHANDLER: Ckay. 02: 30

(Recess.) 02: 30

(O f record: 2:31 p.m) 02: 30

(On record: 2:46 p.m) 02: 30

BY MS. ZHONG 02: 30
Q Dr. Wlfe, do you have Exhibit 1009, the 02: 46

'"436 patent, with you? 02: 46
A Yes. 02: 46

Q Can you please go to PDF page 13, Figure 02: 46

11A and 11B. 02: 46
A Yes. 02: 46

Q So 11A depicts to a person of ordinary 02: 46
skill in the art a situation called rent 02: 46
mul tiplication? 02: 46
MR. CHANDLER: Objection to form 02: 47

THE WTNESS: | think -- | think a person 02: 47

Page 136

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of ordinary skill in the art m ght characterize that 02: 47
as rank multiplication, yes. 02: 47
BY Ms. ZHONG 02: 47
Q And if take a look at Exhibit 11B {sic}, 02: 47

do you see that on the right-hand side, there are 02: 47
four signals: CASOa, CASOb, CASla, and -- 02: 47
THE REPORTER: |"msorry, Counsel, you 02: 47

were cut off. 02: 47
BY MS. ZHONG 02: 47
Q -- four signals: CASOa, CASOb, CASla, and 02: 47
CAS1b? Do you see that, Dr. Wl fe? 02: 47
A Yes. 02: 47

Q Those are the four chip select signhals for 02: 47

each of the ranks depicted in Figure 11A; is that 02: 47
correct? 02: 48
MR. CHANDLER: Objection. Form 02: 48

BY Ms. ZHONG 02: 48
Q Dr. Wl fe? 02: 48

A. Yeah, |'m | ooking at sone details to give 02: 48

you a preci se answer. 02: 48
There's an exanple given with respect to 02: 48

Figure 11A in which that can be a four-rank system 02: 48
And in that case, in that one particul ar exanple 02: 49
that's related to Figure 11A, then the four CAS 02: 49
signals com ng out of element 640 woul d represent 02: 49
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sel ect signals for each of the four ranks. 02: 49
Q Ckay. And the four CAS signals that's 02: 49

com ng out of 640 are based on input signals to the 02: 49
| eft of the box 640; is that correct? 02: 49
A. It's based on a subset of those input 02: 49
signals. It's not conpletely clear what. But the 02: 49
suggestion would be that, for exanple, it mght be 02: 49
simlar to what's in Figure 10 where it's only the 02: 49
address signal that actually participates. 02: 50
Q The input signal to 640 includes BNKO, 02: 50
BNK1, RAS/ CAS/WE, CSO, CS1 and A13; is that correct? 02: 50
MR. CHANDLER: Objection. Form 02: 50

THE W TNESS: Those are all connected to 02: 50

640. There's no description as to whether or not 02: 50
they are actually used by 640. 02: 50
BY Ms. ZHONG 02: 50
Q So the signals | just |isted, BNKO, BNKI1, 02: 50

RAS/ CAS/ VE, CSO, CS1 and A13, are all input signals 02: 50
to 640, correct? 02: 51
MR. CHANDLER: Object. Form 02: 51

THE W TNESS: Again, it depends how you 02: 51

define an input signal. They're all connected to 02:51
640, but there's no teaching as to whether or not 02: 51
they' re used as inputs. 02: 51
BY MS. ZHONG 02: 51
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Q And the output from 640 are the four CAS 02: 51
signals on the left, correct? On the right, sorry. 02:51
So the output from 640 are the four CAS 02:51
signals on the right, correct? 02:51
A Correct. 02:51
Q VWhat is Al13? 02: 51
A What is Al3? |Is that the question? 02: 51
Q Yes. 02:51
A | believe it's one of the address bits. 02:51
Q So it's either a row or a columm that 02:52
addresses it? 02: 52
MR. CHANDLER: Objection. Form 02: 52
And | didn't hear the question at the 02: 52
begi nni ng. 02: 52
BY MS. ZHONG 02: 52
Q It is either a row or a colum address it? 02: 52
|s that correct, Dr. Wl fe? 02:52
A Yes, or depending on the particul ar DRAM 02: 52
generation. It could be both. 02: 52
Q So it is a row, colum, or both a row and 02:52
colum address it? 02:52
A That woul d be ny understandi ng of what's 02: 52
i nt ended. 02:52
Q And what is CSO and CS1? 02:52
A Those would be DIMM | evel chip selects. 02: 53
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Q And BNK1 and BNKO? 02: 53

A Those appear to be the pass-through bank 02: 53
selects to -- to the individual DRAM chi ps. 02: 53
| need to -- | need to clarify ny previous 02: 53

answer . 02: 53
So the outputs are not actually chip 02: 53

sel ects. They are gated col umm address sel ect 02: 53
si gnal s. 02: 53
Q Okay. But they are sent to each of the 02: 53
correspondi ng menory nmod- -- corresponding rank; is 02: 53
that correct? 02: 53
A Correct, as gated colunn address signals. 02: 53

The chip selects are separate. They are shown up in 02: 53
Fi gure 11A 02: 54
Q So if you look at columm 17, starting from 02: 54

line 66 to colum 18, line 2, the enabl ed CAS signal 02: 54
that's being outputted from 640 is able to sel ect 02: 55
whi ch of the four ranks, 620, 625, 630 and 635, as 02: 55
active; is that correct? 02: 55
A. Yes, in that enbodi nent for certain 02: 55
operations, that's true. 02: 55
Q Okay. So basically it is used -- it has a 02: 55
simlar function as a chip select signal, which is 02: 55
to decide which of the rank will be activated and 02: 55
chosen; is that correct? 02: 55

Page 140

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. CHANDLER: Obj ecti on. 02: 55

THE WTNESS: Not really. A chip select 02: 55

signal determ nes whether or not to pay attention to 02: 55
the command in a DDR environnent. So it has a -- it 02: 56
has a different scope. And that's why the chip 02: 56
sel ect signals are also provided to the various 02: 56
ranks. 02: 56
BY Ms. ZHONG 02: 56
Q And if you look at colum 18, lines 3 02: 56
through 11, it says that the PLD 642 can al so 02: 56
generate gated chip select signhals instead of gated 02: 56
CAS signals; is that correct? 02: 57
A It does say that. 02: 57

Q What is your understandi ng of what a rank 02: 57

is? 02: 57
A I n what context? 02: 57

Q A rank of nmenmory nodule -- sorry. Let ne 02: 58

wi t hdr aw. 02: 58
In the context of a '912, what is a rank? 02: 58

A I think it would be an independent set of 02: 58

one or nore nenory devices on a nmenory nodul e that 02: 58
act together in response to conmand signal s, 02: 58
i ncluding chip select signals, to read or wite the 02: 58
full bit width of the menmory nodul e. 02: 58
Q Okay. How can a single nenory device act 02: 58
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t oget her ? 02: 58
A It acts consistently. 02: 58
Again, that's just an artifact of English 02: 58

when we say one or nore. If | -- you know, just 02: 58
like if | said one or nore children junping up and 02: 58
down together, that woul d nmake sense in English even 02: 58
though if it's one, they are just junping up and 02: 59
down. 02: 59
So the word "together," | guess, is only 02: 59

inmportant if there's nore than one. But -- but if 02: 59
there's one, then it sinply needs to act. 02: 59
Q You nmentioned earlier that there are x8 02: 59
menmory nodul es. Do you recall that testinony? 02: 59
A | do. 02: 59

Q Are those DDR nenory nodul es? 02: 59

A The ones that I'mthinking of are not DDR, 02: 59

but | don't know of any reason why you can't build a 02: 59
x8 DDR menory nodul e. 02: 59
Q For JEDEC conpliant nmenory nodul es, are 02: 59

you aware of any x8 DDR menory nodul es? 03: 00
A. Well, it certainly would be conpliant with 03: 00

Exhi bit 1029. | don't know whether or not there's a 03: 00
formfactor definition for a DDR2x8 nmenory nodul e. 03: 00
Q Are you aware of any x8 DDR2 nmenory 03: 00
nodul es that's JEDEC conpliant, JEDEC standard 03: 00
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conpliant? 03: 00
A. Like I said, they would be standard with 03: 00
certain JEDEC protocols like 79-2. But | don't know 03: 00
whet her or not there's a separate JEDEC protocol for 03: 00
the formfactor of a x8 DDR2 nenory nodul e. 03: 00
Q When you say a form factor x8, what do you 03: 00
mean? 03: 00
A Well, when you have a specification in 03: 00
JEDEC for a nmenmory nodule, there's portions that 03: 01
describe how it should operate. And then there's 03: 01
ot her portions that describe its physical 03: 01
characteristics. 03: 01
If we were to | ook, for exanple, at 03: 01

Exhi bit 1032, |arge portions of that specification 03: 01
have to do with physical characteristics: The 03: 01
di mensi ons of the card, the placenent of the chips, 03: 01
t he physical order of the pins. 03: 01
And | just don't know one way or anot her 03: 01

whet her or not that specification exists for the 03: 01
conmbi nation of -- of x8 nmenory nodul e and DDR2. But 03:01
| certainly know that based on Exhibit 1029, 03: 01
sonebody could build a DDR2 8-bit-w de nmenory 03: 01
nodul e. 03:01
Q ' m asking a different question. 03: 02

Are you aware of any JEDEC nenory nodul e 03: 02
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standards that specify a x8 or x16 nmenory nodul e? 03: 02
A | don't think that that's a sinple 03: 02
question. There are many JEDEC standards. | am 03: 02
aware of standards |ike Exhibit 1029 that would tell 03: 02
you the operational characteristics, many of the 03: 02
operational characteristics, of a x16 or x8 nenory 03: 02
nodul e for DDR2. 03: 02
I do not know whether or not the remaining 03: 02
characteristics, such as the physical dinensions or 03: 02
t he power consunption specifications, are part of 03: 02
anot her JEDEC specification or not. 03: 02
Q So you did not cite any single JEDEC 03: 03
speci fication or docunment that showed the use of a 03: 03
x8 DDR or DDR2 menory nodul e; is that correct? 03: 03
Ot her than Perego. 03: 03
A As | said, many of the characteristics, 03: 03
enough to allow one to build such a nodule, are in 03: 03
Exhibit 1029. But | did not specify -- | did not 03: 03
cite to a JEDEC standard docunent that provides the 03: 03
physi cal characteristics of such a nodul e. 03: 03
Q Are you even aware of any nenory nodul es 03: 03

with -- let me withdraw and ask. 03: 04
Are you aware of any DDR2 nmenory nodul es 03: 04

with a x8 or x16 nenory nodul e bit width other than 03: 04
what's described in Perego? 03: 04
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A Can | have the question one nore tinme? 03: 04
Q Are you aware of any DDR2 nenory nodul es 03: 04
with a nenory bit width of x16 or x8 other than 03: 04
what's described in Perego? 03: 04
A. | can't identify one with specificity, but 03: 04
it would not surprise ne at all if I could find one. 03: 04
Q Have you used one with a x8 nenory -- 03: 05
x8 bit width with a JEDEC conpliant DDR2 device on 03: 05
it? 03: 05
A Not that | can recall. 03: 05
Q Okay. Have you ever used a nmenory nodul e 03: 05
with a bit width of x16 that includes a JEDEC 03: 05
conpliant DDR2 device on it? 03: 05
A No, | don't recall ever having used that 03: 05
particul ar conmbination. | have used DDR2 nenory 03: 05
modul es and | have used x16 nmenory nodul es, but | 03: 05
don't recall having used those two together 03: 05
personally. 03: 05
Q When you say you have used x16 nenory 03: 05
modul es, what ki nd of DRAM devi ces are on the menory 03: 05
nodul e? 03: 06
A | don't recall specifically. It would 03: 06
have been sonet hing ol der than DDR 03: 06
Q So sonething |i ke SDRAM? 03: 06
A Li ke SDRAM or fast page npde, sonething 03: 06
Page 145

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

i ke that. 03: 06
Q Ckay. But you don't recall ever having 03: 06

used a nenory nodule with DDR or newer generations 03: 06
of DRAMs that's 16 bit wi de or below, correct? 03: 06
A. | don't personally recall ever having used 03: 06

that in a nodule. But it certainly would be quite 03: 06
within ordinary skill levels to design one. 03: 06
Q How | ong have you been working in the 03: 06
menmory i ndustry? 03: 06
A It depends what you define as "in the 03: 06
menmory i ndustry." | have been working with nmenory 03: 07
chips in various ways for alnost 40 years. 03: 07
Q Okay. And when was DDR first introduced? 03: 07

A Oh, boy. | don't know. Sonewhere around 03: 07
2002. 03: 07
Q DDR or DDR2? 03: 07

A. | believe -- let nme see if | have 03: 07
somet hing that can refresh ny nmenory here. 03: 07
Maybe a little bit earlier. |t becane 03: 07

popul ar around 2002, but it nay have been avail abl e 03: 07
a year or two earlier than that. 03: 07
Q Okay. So DDR has been avail able for at 03: 07

| east 20 years? 03: 07
A Yes. 03: 07

Q Okay. And in those 20-plus years, you 03: 07
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don't recall ever having used a nmenory nmodule that's 03: 07
16 bit wi de or | ower and have DDR or newer 03: 08
generations of JEDEC conpliant nenory devices on 03: 08
thenmm is that correct? 03: 08
A. That's correct. | don't personally recall 03: 08
usi ng one of those. 03: 08
Q Do you recall such a nenory nodul e 03: 08
descri bed anywhere? 03: 08
A Well, | think a person of ordinary skill 03: 08
woul d understand it from Exhibit 1029. 03: 08
Q " masking a different question. 03: 08

You review journal articles, correct? 03: 08

A Yes. 03: 08

Q You read journal articles. Are you -- do 03: 08

you recall any journal articles describing a nenory 03: 09
nodul e with DDR or newer generations of the SDRAM 03: 09
that is 16 bits wide and | ower? 03: 09
A. Not that | can give you off the top of ny 03: 09
head. It would have been such an ordinary thing 03: 09
that it wouldn't have been sonmething that | would 03: 09
specifically renmenber. 03: 09
Q The answer is that you don't recall any 03: 09
single reference? 03: 09
A No. | nean that's just a detail that | 03: 09
don't recall whether or not |'ve specifically seen 03: 09
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t hat comnbi nati on. 03: 09
Q Do you recall seeing conbinations of 03: 09
X64-bit-wi de menory nodul es with DDR or newer 03: 09
gener ati ons of DRAM devi ces on thenf 03: 09
A Yes. 03: 09

Q Well, if that's such a trivial detail, why 03: 09

did you recall that? 03: 10
A Because it happens to be what's in the 03: 10
conputer that's sitting on ny desk. 03: 10
Q So x64 is the nmobst common -- the comonly 03: 10

used bit width for nmenory nodules; is that correct? 03: 10
A O desktop personal conputers, that is the 03:10
case. 03:10
Q When is x8 or x16 bit-w de nenory nodul es 03:10
used, in what applications? 03:10
A Generally when you wanted a systemto be 03:10

very small . So, you know, in industrial 03: 10
applications or portable applications or small 03: 11
devi ces woul d be the npbst commobn usage today. 03:11
Hi storically it was used when nmenory chi ps 03: 11

were larger and you could only fit a small nunber of 03: 11
t hem on a DI WM 03:11
Q When you say industrial applications, what 03:11

do you have in nind? 03:11
A If you are building a factory control or 03:11
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PC or an autonotive application, sonething where 03: 11
you're very constrained in ternms of power and size 03: 11
and you want it to be very efficient, or you may 03:11
want to use a relatively snmall anmount of nenory, it 03:11
woul d be commpn to use a narrower nenory nodul e. 03: 11
Q And when you say portable applications, 03:11
what do you refer to? 03:12
A Any smal | handhel d device, sonme type of a 03:12
hand-carried sensor or, you know, a neasurenent 03:12
i nstrument, those kinds of things. 03:12
Q Okay. But not in PCs or server systens; 03:12
is that correct? 03: 12
A They're not used today in the PCs or 03:12
servers that I'mfamliar wth. 03:12
Q And they haven't been used since the late 03:12
1990s, correct? 03:12
A. | don't know. | know that that's the | ast 03:12
time I'"mpersonally famliar with them bei ng used. 03:12
But as | said, these technol ogies often |linger for a 03:12
| ong tine. 03:12
Q And in 2004 and 2005, the PC systens used 03:12
x64 bit-w de bus, correct? 03: 13
A Deskt op PCs general ly did. 03:13
Q What about servers? 03: 13
A They would generally use a 72. O | think 03:13
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there m ght have been sonme 144-w de nodul es. But 03:13
again, there's variations throughout the industry. 03: 13
THE REPORTER: Counsel, | need to go off 03: 13
the record and reboot ny system So how about five 03: 13
m nutes; is that okay? 03: 13
MS. ZHONG. So why don't we take a break 03: 14
now so you can reboot your system 03: 14
(Recess.) 03: 14
(OFf record: 3:14 p.m) 03: 14
(On record: 3:34 p.m) 03: 14
MS. ZHONG Let's go back on the record. 03: 33
Q Dr. WIlfe, do you have '912 patent, 03: 33
Exhi bit 1001 with you? 03: 33
A Yes. 03: 34
(Exhi bit 1001 was marked for 03: 34
identification and attached 03: 34
hereto.) 03: 34
BY Ms. ZHONG 03: 34
Q Can you turn to Claimnumber 167 | 03: 34
believe it's Exhibit Nunber 44. 03: 34
A. Again, if you don't mnd, can | look at it 03: 34
in my declaration where it's a little bit easier to 03: 34
read? 03: 34
Q Sure. Where are you | ooking? 03: 34
A Pages 31 and 32. 03: 34
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THE REPORTER: \What exhibit nunber, 03: 34

pl ease, for the record? 03: 34
THE W TNESS: 1003. 03: 34

THE REPORTER: Thank you. 03: 34

BY Ms. ZHONG 03: 34
Q Can you take a | ook at Elenent 16.c.iii on 03: 34

page 31. 03: 34
A Okay. 03: 34

Q Do you see the linmtation, "The circuit 03: 34
generating a set of output signhals in response to 03: 34
the set of input signals"? Do you see that 03: 35
l[imtation? 03: 35
A Yes. 03: 35

Q And the set of input signals would include 03: 35

at |l east one row colum address signal, bank address 03: 35
signals, and at |east one chip select signals, 03: 35
correct? 03: 35
A Correct. 03: 35

Q Ckay. And what's your interpretation of 03: 35
generating a set of output signhals in response to 03: 35
the set of input signals? 03: 35
A The -- 03: 35

Q Let ne ask you. Does the output signal 03: 35

need to be generated using every single one of the 03: 35
row col unm address signhals, bank address signals, 03: 35

Page 151

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and one chip select signal that's recited in 16.c.i? 03: 35
A |'ve analyzed it both ways in ny 03: 36
declaration. But ny understanding is that, based on 03: 36
t he prosecution history, that is a requirenment here 03: 36
because in order to obtain allowance it was argued 03: 36
that that was a requirenent. 03: 36
Q Can you point me to where it's argued in 03: 36

the prosecution history that's a requirenent? 03: 36
A | believe it's in ny report -- let ne see 03: 36

if I can find where. 03: 36
If you | ook at page 26 of mny declaration, 03: 37

Exhi bit 1003, there's a citation of the comments 03: 37
that were made to the examner. Well, in this case 03: 37
it's the exam ner's response to those coments. 03: 37
There nmay be others as well. And it also continues 03: 37
to paragraph 63. 03: 38
Q Okay. But basically on page 26 and 27 03: 38
that's where you laid out your interpretation in 03: 39
response to? 03: 39
A. Yes. And, of course, this is not ny 03: 39
decision. This is a decision that the board wll 03: 39
have to nake as a matter of law. And they've 03: 39
anal yzed it under both assunptions. 03: 39
Q And |'m asking you how woul d a person of 03: 39
ordinary skill in the art understand? 03: 39
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A I think a person of ordinary skill in the 03: 39

art, based on the prosecution history as intrinsic 03: 39
evi dence, woul d understand that this claimhas been 03: 39
limted to a logic elenent that generates chip 03: 39
sel ect signals in response to all four of the 03: 39
enunerated signals in Claim1 or in this Claim16. 03: 39
Q Where does the PLL clock signal conme fronP 03: 39

A Where does the PLL clock signal in the 03: 40
claimcone fronf 03: 40
Q Yeah. 03: 40

MR. CHANDLER: Objection. Form [It's -- 03: 40

BY MS. ZHONG 03: 40
Q Does Claim 16 even recite a clock signal? 03: 40

A It does not. It claims a -- a connection 03: 40

bet ween the phase | ocked | oop and the DDR nenory 03: 40
device, the logic elenent and the register. So -- 03: 40
Q So -- 03: 40

A. But certainly in the case of Claim 16, | 03: 40
think that one would have to reasonably understand 03: 40
the argunments to the exam ner to be that the signal 03: 40
must be -- the output signal nust be generated in 03: 40
response to the enunerated input signals in 16.c.i. 03: 40
Q And what's the indication in '436 that 03: 41

t hose signals are not used? 03: 41
A I think the real question is what's the 03: 41
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i ndication that those signals are used? There would 03: 41
be no need to use them 03: 41
If you read through the patent and | ook at 03: 41

t he teachings of Figure 10, for exanple, you can see 03: 41
that Al13 is sufficient to generate the signals that 03: 41
are needed, or that Al12 and Al13 are, or that sone 03: 41
subset is. 03: 42
It's not necessary to use bank address 03: 42

signals. There's no reference to using the bank 03: 42
address signals. They are separately provided to 03: 42
all of the ranks. So there's just sinply no reason 03: 42
to conclude that there's any teaching that each of 03: 42
the signals is used. It would be specul ation. 03: 42
Q You didn't really answer my question. 03: 42
What's the indication that they would not 03: 42

be used? 03: 42
A. | didn't | ook because | don't think that 03: 42
that's the requirenment for priority date. The 03: 42
question is -- 03: 43
Q It's not -- it's not really what you 03: 43
believe is a requirenment. Just answer ny question. 03: 43
A That's not the analysis that | did. 03: 43

Q |'"mnot here to -- okay. 03: 43

Can you call up Ellsberry, which is 03: 43

Exhi bit 1035? 03: 43
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A I"msorry, did you ask nme to | ook at 03:43

Exhi bit 10357 03: 43
Q No, 1037. Ellsberry. 03: 43

A Ckay. 03: 43
(Exhibit 1037 was marked for 03: 43

identification and attached 03: 43

hereto.) 03: 43

BY Ms. ZHONG 03: 43
Q El | sberry deals with JEDEC conpli ant 03: 43
menmory nodul es; is that correct? 03: 43
A. That's certainly within the scope of 03: 43

El |l sberry, yes. 03: 43
Q And | think we discussed in |ast session 03: 44

that you are not aware of any x8 menory nodul es 03: 44
usi ng JEDEC conpliant DDR2 or DDR devices, correct? 03: 44
A "' m not personally aware of one, no. But, 03: 44

you know, 1'Il stick with nmy previous answers as to 03: 44
how a person of ordinary skill would understand that 03: 44
fromthe JEDEC specification. 03: 44
Q And | think you also said that you are 03: 44

not -- you cannot recall any journal papers that 03: 44
descri bes x8 menory nodul es usi ng JEDEC conpl i ant 03: 44
DDR2 or DDR devi ces, correct? 03: 44
A I can't recall one that specifically says 03: 44

that off the top of ny head. 03: 44
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Q Okay. And you have been in the nmenory 03: 44
i ndustry for 40 years? 03: 45
A. |'ve been using nmenory devices and 03: 45
desi gning products that interact with nmenory devices 03: 45
for 40 years. 03: 45
Q And you have been fanmiliar with the DDR -- 03: 45
t he JEDEC standards for DDR2 and DDR for over 03: 45
20 years? 03: 45
A Wth respect to JESD79 and 79-2, that is 03: 45
correct. 03: 45
Q Are you aware of any other JEDEC standards 03: 45
for DDR or DDR2 devices? 03: 45
A | believe there are other ones. They have 03: 45
to do with other aspects other than the functional 03: 45
characteristics. And then there are all kinds of 03: 45
variations of DDR and DDR2 devices that are -- that 03: 46
are in separate standards as well. 03: 46
Q And you did not cite any of those, 03: 46
correct? 03: 46
A. Correct. It wasn't necessary. 03: 46
Q Okay. Can you take a | ook at Figure 2 of 03: 46
El | sberry? 03: 46
A Figure 2 of Ellsberry? 03: 46
Q Correct. 03: 46
A Yes. 03: 46
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Q In Figure 2 of Ellsberry, there are nore 03: 46

t han one DRAM devi ces per rank, correct? 03: 46
A. Not necessarily. |If you read Ell sberry, 03: 47
it indicates that -- that Figure 2 is designed to 03: 47
illustrate one or nmore Switch ASICs with DRAMs 03: 47
attached to it. So literally the illustration here 03: 47
is of nore than one. But if you read it in the 03: 47
context of the text, it's intended to comunicate 03: 47
one or nore. 03: 47
Q As shown in Figure 2, it's intended to 03: 47
show N DRAM devi ces per rank, correct? 03: 47
A No. It's actually N plus 1. But if you 03: 47
read it in the context of the specification, it 03: 47
indicates that N plus 1 is one or nore. 03: 47
Q Okay. And in Figure 2 as drawn here, it's 03: 48
i ntended to show there are N plus 1 nenory devices 03: 48
per rank, correct? 03: 48
A. No. It is intended to show that there can 03: 48
be Nplus 1. But as | said, if youread it in the 03: 48
context of the specification, it's clear that this 03: 48
is intended to refer to one or nmore switch ASICs 03: 48
connected to one or nore sets of nenory. 03: 48
Q I"mtal king about what's literally drawn 03: 48
here. Can you answer the question? 03: 48
A I think | did answer the question. 03: 48
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There are -- there are clearly a variety 03: 48

of options drawn here, but there's also text that 03: 48
describes this drawing. And if you'll read the text 03: 48
and understand this drawing in the context of its 03: 48
description and specification, it is one or nore 03: 49
switch ASI Cs. 03: 49
Q Can you tell nme where it says it's one or 03: 49

nor e? 03: 49
A Yeah. So there's sone places -- let's 03: 49

see. | can certainly find some of them 03: 49
If you | ook at paragraph 28 -- 03: 49

Q Okay. 03: 49

A -- which is where Figure 2 begins its 03: 49
descri pti on. 03: 49
Q Okay . 03: 49

A And the |l ast sentence it says, "The 03: 49
capaci ty-expandi ng feature of the invention is 03: 49
acconpl i shed by a combination of a control unit 204 03: 49
and one or nore nenory bank swi tches, 206 and 208." 03: 49
There are other places as well. D d you 03: 49

want nme to find themall? 03: 49
Q Well, it says nmenory banks 206 and 208. 03: 49

That means two, correct? 03: 50
A No. | think the proper reading, 03: 50
especially if you read it in the context of 03: 50
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everything el se, for exanple, paragraph 26 where it 03: 50
says, "The invention pernmts two separate SRAM DDR 03: 50
devi ces to appear as a single higher-capacity SDRAM 03: 50
DDR device to a source device," that indicates that 03: 50
there can be only two devices. And it can appear as 03: 50
one device. So that would be a one-switch 03: 50
si tuati on. 03: 50
There are other exanples in paragraph 31 03: 50

through 33 where it's clear that, if you read that, 03: 50
it's possible to only have data witten to nenory 03: 50
bank 212 and not 226. So, again, that would be a 03: 50
configuration -- 03: 50
Q That's all right. | was disconnected 03: 51
audio -- fromthe audio, so | couldn't hear what you 03: 51
sai d. 03:51
THE REPORTER: And, Counsel, |'m having 03:51

trouble with ny audio on this end, too. | don't 03: 51
know whether it's the Internet feed or exactly what 03:51
it is. 03: 51
MR. CHANDLER: | heard it fine. | haven't 03: 51

had any problens. | heard all three of you just 03: 51
fine just now, so for what it's worth. 03:51
MS. ZHONG | was disconnected for five 03:51

m nutes, so at |east while he was answering. So do 03: 51
you m nd repeat your answer? 03: 51
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doesn't have the realtinme and the court reporter 03: 51
does, maybe the court reporter can just read it. |Is 03:51
t hat possi bl e? 03:51
(OFf the record discussion.) 03: 52

BY Ms. ZHONG 03: 52
Q So paragraph 28 states that its nenory 03: 52

bank 206 and 208. And that would nmean two banks, 03: 52
correct? 03: 52
A | don't believe so. | think that it's 03:52
sinply referring you to the fact that you only need 03: 52
one or more switches. 206 and 208 are both 03: 52
candi dates to be one or nore. 03: 52
If | read that in the context of 03: 52
paragraphs 26 or in the context of paragraphs 31 03: 52
t hrough 33, in the context of -- for exanple -- 03: 53
let's see. 03: 53
| think paragraph 34, paragraph 46, there 03: 53

are a nunmber of indications that you don't need 03: 53
multiple switches, that you can have only a single 03: 53
switch enbodi nent, and that you can have as few as 03: 53
two devices which appear as one. 03: 53
Q Now, each of the switch ASIC has four 03: 53
banks connected to it, correct? 03: 53
A There are four banks illustrated in Figure 03: 53
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2, although, again, in the text, there are 03:53
i ndi cations that one could al so have a two-bank 03: 53
variation as well. 03: 53
Q What is a bank? 03: 53

So let me ask, when it conmes to Ellsberry, 03: 54

what is Bank 0 to Bank 3? 1Is it internal nenory 03: 54
organi zati on or sonething el se? 03: 54
A No, those would be what we woul d today 03: 54

call banks. 03: 54
Q And when Ellsberry activates a bank, how 03: 54

does it do that? 03: 54
MR. CHANDLER: Objection. Form 03: 54

THE WTNESS: Well, | nean, that's 03: 55

described with sonme detail in the specification. It 03: 55
has multiple enmbodi ments. And if one |ooks at, for 03: 55
exanpl e, Figure 8A, you can see that in the row Bank 03: 55
nmode, a bank is activated in one of two phases, 03: 55
ei ther Phase A or Phase B of a read or wite 03: 55
operation -- I'msorry -- an activated operation by 03: 55
sendi ng an activate command to either Bank A or Bank 03: 55
B. 03: 55
BY Ms. ZHONG 03: 55
Q Okay. So why don't we take a | ook at 03: 55
Figure 10. Are you referring to the AC -- are you 03: 55
referring to the ACA and ACB command? 03: 55
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Hel | 0? 03: 56

A. Yeah, |'m | ooking. 03: 56
Those are signals, not commands. 03: 56

Q Ckay. MWhat's the difference between 03: 56
command and signal ? 03: 56
A A signal is an electrical value in a wire 03: 56
generally in this context, where a command is -- a 03: 56
command is nmore general. It's the conmunication of 03: 56
an action. 03: 56
Q Okay. So the ACA signal that's sent to, 03: 56

for exanple, device 1012 and 1010, is that a signal 03: 56
that's activate that particular rank on 10067 03: 57
A "mnot quite sure how that signal is 03: 57
defined in that drawing. Let ne see if it says. 03: 57
| don't think we're given a definition of 03: 57

t hat particul ar signal. 03: 57
Q As a person or ordinary skill in the art, 03: 58

how woul d you interpret it? 03: 58
A | don't know whether or not that's 03: 58
intended to be the commnd. 03: 58
And, again, when we |ook at this in the 03: 58

context of the DDR specification, the DDR conmands 03: 58
are well-defined in Exhibit 1029. So we know what 03: 58
an activate command, for exanple, |ooks like, and 03: 58
what particular bits are used. 03: 58
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| referred you to it earlier in the 03: 58
deposition, but let me see if | can find it again. 03: 58
Q |'masking in specific about Ellsberry. 03: 58

So as a person of ordinary skill in the art, what is 03: 58
ACA that's being output fromthe control unit ASIC 03: 58
- - 03: 58
(Si mul t aneous speakers.) 03: 58

A | don't -- 03:59

Q -- that's being sent to -- 03: 59

| don't know at the nmonment -- 03: 59

THE REPORTER: |'m sorry, one at a tine. 03: 59

BY MS. ZHONG 03: 59
Q So you have no idea what ACA and ACB 03: 59
conmands mean? 03: 59
MR. CHANDLER: Objection. Form 03: 59

THE WTNESS: | don't see them described 03: 59

as conmands. | don't think Ellsberry specifies 03: 59
particularly what that particular signal is used 03: 59
for. But this sinply explains in Table 8 that the 03: 59
commands are sent to the various devices. And in 03: 59
the context of DDR, they would be sent in the 03: 59
ordinary way. So, for exanple, an activate command 03: 59
is sent using CAS bar and WE bar, and CS bar, and 03: 59
RAS bar . 03: 59
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BY Ms. ZHONG 03: 59
Q In Table -- in Figure 8A, activate for 03: 59

the -- for Bank A, it says sent to DDR A activate 03: 59
command. 04: 00
A. | don't understand what the question is. 04: 00

Q So are you saying that in the -- in Figure 04: 00

8 in the colum "Activate," you think those are the 04: 00
JEDEC st andard command conbi nati ons? 04: 00
A In the row that says "Activate" under 04: 00
where it says "Row Bank Mbde," | think a person of 04: 00
ordinary skill would understand that those could be 04: 00
t he JEDEC standard activate conmands. 04: 00
Q And what does DDR A and DDR B refer to? 04: 00

A | believe it's referring to the DDR on 04: 01

Port A and Port B in a two-rank configuration. 04: 01
Q VWhat is a port? 04: 01

A. A collection of wires -- or collection of 04: 01

pi ns, maybe. Those can be seen in Figure 10, 11, 04: 01
and 12. 04: 01
Q 10, 11 and 12. 04: 01
Okay. So let's go to Figure 10. \here is 04: 01

a port? 04: 01
A The outputs of the switch ASIC that end in 04: 01

A are Port A That would be the nmenory devices 04: 01
grouped together as 1006. And Port B would be the 04: 01
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menory devi ces grouped together as 1008. 04: 01
Q So the port is on the -- is downstream 04: 02
fromthe ASIC? 04: 02
A No. | would think of the port as being 04: 02

t he connection to the ASIC 04: 02
Q So the wire 1016 that's between the 04: 02

ri ght-hand side of the switch -- switch ASIC box and 04: 02
to the side of DRAM 1012 and 1010, for exanpl e, 04: 02
that's Port A? 04: 02
A That's a portion of it. That's the data 04: 02

bus. And then there are also the strobe shown in 04: 02
Figure 10 as well. 04: 02
Q What is the strobe that you are referring 04: 03

to? DQSOA and DQS1A? 04: 03
A And DQS1A, yeah. 04: 03

Q Okay. So it's the -- it's the line that's 04: 03
connected to the signal DQS1A? 04: 03
MR. CHANDLER: Object to form 04: 03

THE WTNESS: And we're starting to get 04: 03

into semantics a little bit. But technically the 04: 03
port is the connection between the ASIC and the 04: 03
out si de worl d. 04: 03
So it would be -- Port A would be in the 04: 03

switch ASIC. And Figure 10 would be the first four 04: 03
el ements listed on the top left of the switch ASIC 04: 03
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And Port B would be the bottom four el enents. 04: 03
BY Ms. ZHONG 04: 03
Q Ckay. And by the first four elenments and 04: 03

t he bottom four elenents, you are referring to 04: 03
the -- so for the -- when you say the first four 04: 04
el ements, you are referring to the four I|ines 04: 04
connected between DQA and DRAM 1012, DQSO0A, DQA724, 04: 04
DQS1A and the DRAM group 1006; is that right? 04: 04
MR. CHANDLER: Object to form 04: 04

THE WTNESS: |'mactually referring to 04: 04

the connections to the ASIC. And although it's 04: 04
illustrated as four lines, it would be illustrating 04: 04
10 connecti ons. 04: 04
BY MS. ZHONG 04: 04
Q Okay. So basically all the connections 04: 04
that's between the output of the ASIC switch and the 04: 04
i nput of the DRAM boot; is that right? 04: 04
MR. CHANDLER: Objection. Form 04: 04

THE W TNESS: Yes, in this particular case 04: 04

it would be the -- the connections denoted by 1016 04: 04
connecting to the DRAM group 1006. 04: 05
BY Ms. ZHONG 04: 05
Q Okay. And then for Port B, that will be 04: 05

the -- all the lines that's connecting to the output 04: 05
of the switch ASIC and group 1008 of the DRAMs; is 04: 05
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that right? 04: 05
MR. CHANDLER: Object to form 04: 05

THE W TNESS: It's not all the |lines, but 04: 05

it's the four that are naned at the bottom-- the 04: 05
four sets of lines that are named in the bottom 04: 05
right: DQB, DQS0B, and DQS1B. 04: 05
BY Ms. ZHONG 04: 05
Q Is it possible for you to mark those lines 04: 05

on your |ocal copy and email it to the -- email it 04: 05
to your counsel so we can nmake a record of it? 04: 05
A That's up to counsel. 04: 06

Q " mrequesting you to do that. Can you do 04: 06

t hat ? 04: 06
Maybe you can first share your screen with 04: 06

us. And | just want to make sure that ny 04: 06
understanding is correct. And if you can point to 04: 06
the four lines that we're just discussing. 04: 06
Is that possible? Can you do that? 04: 06

A. If that's okay with counsel. | think I've 04: 06
answered the question already. 04: 06
THE WTNESS: But is it okay with you, 04: 06

Ted? 04: 06
MR. CHANDLER: If you can do it. 04: 06

THE W TNESS: Host disabl ed, participant 04: 06

screen sharing, so apparently | cannot. 04: 06
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(Of the record discussion.) 04: 07

BY Ms. ZHONG 04: 07
Q Ckay. So for Port A can you just 04: 07

i ndi cate which four lines you' re referring to? 04: 07
A. These four here -- oh, sorry. 04: 07

Q Can you just draw a box around then? | 04: 07

see the cursor noving. 04: 07
A Let's see. 04: 07

Q | think it's comment. Yep, this one. 04: 08

A That woul d be Port A 04: 08

Q Okay. 04: 08

MR. CHANDLER: So how are we going to get 04: 08

this in the record? 04: 08
M5. ZHONG. | can do a screen -- let ne do 04: 08

this. Let nme do a screen capture. 04: 08
MR. CHANDLER: So, Annita, you'll do a 04: 08

screen capture and upload that as a PDF as an 04: 08
exhi bit? 04: 08
MS. ZHONG. Yeah, let nme do that. If it 04: 08

allows me to save. Let nme see if it allows ne to 04: 08
pul | that thing over. 04: 09
Q Can you refresh your Exhibit Share and see 04: 09

whet her a PNG file called Exhibit 2102 Capture has 04: 09
shown up? 04: 10
A | have that. 04: 10
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(Exhibit 2102 was marked for 04: 10

identification and attached 04: 10

hereto.) 04: 10

BY Ms. ZHONG 04: 10
Q Okay. Can you take a look at it and see 04: 10

if that reflects what you drew on the screen? 04: 10
A It does. 04:10

Q So | have a question. Does it include a 04: 10
portion of the ASIC switch or only including the 04: 10
portion that's in the ASIC switch in order to 04: 10
capture the signals that's | abel ed here? 04: 10
A No. VWhen | would typically talk about a 04: 10
port, | would be tal king about the -- the point of 04: 10
i nterconnection between the ASIC switch and the 04:10
out si de worl d. 04:10
Q So it's fromthe output of the ASIC switch 04: 10

to the outside world? It doesn't include the inside 04: 10
wor | d. 04: 10
A. It is the output. | nmean, port is from 04: 10

the same root word as portal. It basically neans a 04: 10
door. It means the actual point at which you would 04:11
enter or exit the swtch. 04:11
Q Okay. So port is actually the point of 04: 11

exit fromthe ASIC to the outside world? 04:11
A Yes. 04: 11
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Q What does it nean by enable or disable a 04: 11
port? 04: 11
A. V\her e? 04: 11

Q 1037. Let nme see. | believe it's 04: 11
paragraph 31. 04:11
So paragraph 31 it tal ks about, for 04:11

example -- 1, 2, 3, 4 -- fromthe end of the fifth 04: 11
line, if you can read that sentence. 04:11
A | think in context it nmeans not used. 04:12
There are two ranks here. And what this 04: 12

is saying is that in this situation only the rank 04:12
connected to Port B would be used and the rank 04: 12
connected to Port A would not be used and woul d not 04: 12
send out commands. 04: 12
Q Okay. But the activation and deactivation 04:12
that's described in 31 is with respect to the nenory 04:12
bank; is that right? 04: 13
MR. CHANDLER: Object to form 04: 13

THE REPORTER: |'m sorry, respect to the 04:13

what? |'msorry. 04: 13
BY Ms. ZHONG 04: 13
Q Is with respect to the nmenmory bank. 04: 13

A Yes, ny understanding that nenory bank in 04: 13
paragraph 41 is referring to what we would typically 04: 13
call a rank today. 04: 13
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Q Okay. And if you can take a | ook at 04: 13
Figure 4 of Exhibit 1037. 04: 13
A Yes. 04: 13
Q Is the description of Figure 4 of 1037, 04: 13
especially where Port A and Port B are | abel ed, 04: 13
consi stent with the understandi ng that you just 04: 13
descri bed? 04: 13
A Yes. 04: 13
MR. CHANDLER: Objection. Form 04: 13
BY Ms. ZHONG 04: 13
Q Okay. So Port A and Port B in each of the 04: 13
page refers to the point of exit fromthe ASIC? 04: 14
A Yes. 04: 14
M5. ZHONG. Can we take a break for 04: 14
ten m nutes? 04: 14
MR. CHANDLER: Yes. 04: 14
(Recess.) 04: 15
(Of record: 4:14 p.m) 04: 15
(On record: 4:29 p.m) 04: 15
BY Ms. ZHONG 04: 29
Q Dr. Wl fe, can you pull up Exhibit 1036, 04: 29
which is Am di? 04: 29
A Okay. 04: 29
(Exhibit 1036 was nmarked for 04: 29
identification and attached.) 04: 29
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BY Ms. ZHONG 04: 29
Q What is the title of 10367 04: 29

A. Transparent Four Rank Menory Mbdul e for 04: 29

St andard Two Rank Sub- Systens. 04: 29
Q What does it nean by standard two rank 04: 29
subsyst ens? 04: 30
A I think one of the objectives of Am di was 04: 30

to be able to put four ranks of menory physically 04: 30
into a conmputer that only provided two chip selects 04: 30
fromthe nenory controller. 04: 30
Q And if you look at Figure 1 of Amdi, it 04: 30

says "Overall Bl ock Diagram of Standard Menory 04: 30
Interface.” 04: 30
Do you see that? 04: 30

A Yes. 04: 30

Q And by "standard," is it referring to 04: 30
JEDEC st andard? 04: 30
A. There were certain JEDEC standards that it 04: 30
woul d have been conpliant with, but | think that's 04: 31
probably reading too nmuch into the actual 04: 31
application. | think when they say "standard" here, 04: 31
they just nmean common or conventional, well-known. 04: 31
Q And JEDEC conpliant nenory interface in 04: 31

t he nodul es were wel | -known and conmon at the tine; 04: 31
is that correct? 04: 31
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A Vari ous kinds of JEDEC standard nodul es 04: 31

were wel | -known and common at the tine. 04: 31
In fact, if you actually | ook at the 04: 31
description of Figure 1, it does use the term 04: 31
"comon" rather than "standard." 04: 31
Q Does Ami di use parallel bus architecture 04: 32

as in JEDEC standards or it uses nore point-to-point 04: 32
architecture as Perego? 04: 32
A Wel'l, remenber, Perego discloses both 04: 32

poi nt-to-point end buses, but the primry 04: 32
enbodi ments that are described in Am di are using a 04: 32
traditional multidrop bus connection for the data 04: 32
lines between the controller and the nenories. 04: 32
Q And what's the bit wi dth using Am di ? 04: 32
Menory nodules. What's the bit width of the nmenory 04: 32
nmodul es usi ng Am di ? 04: 33
A. I don't recall every disclosure, but 04: 33
certainly the diagrams are, such as Figure 4, are 04: 33
directed to a 72-bit exanple. 04: 33
Q So in Amdi there are nore than one nenory 04: 33

devi ce, correct? 04: 33
A. In the enmbodiment that's illustrated in 04: 33
Figure 4, that would be the case. 04: 33
Q Are you aware of any illustrated exanple 04: 33
where only one nmenory device per rank is shown? 04: 34
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A | don't recall a conplete exanple of one 04: 34
menory device per rank being shown in Am di, but the 04: 34
t eachi ngs woul d be applicabl e. 04: 34

Q What is a DI Mw? 04: 34

A What is a DIMM is that the question? 04: 34

Q Correct, yes. 04: 34

A In the context of sonething |like the 04: 34
'912 patent, DI MM stands for dual inline nenory 04: 34
nodul e, which basically means a circuit board with 04: 34
connectors on two surfaces where the connectors 04: 35
consi st of multiple paths that are |ined up. 04: 35

Q Using industrial applications with x8 -- 04: 35
et me withdraw and ask. 04: 35

You nmentioned that certain industrial 04: 35
application and small portable application night use 04: 35
x8 or x16 menory nodul es. 04: 35

Do you recall that discussion? 04: 35

A Yes. 04: 35

Q Are DIMVs used in such applications? 04: 35

A I would expect that it's likely that they 04: 35
are, but | don't know for certain. Certainly a 04: 35
person of ordinary skill would know how to design 04: 36
one. 04: 36

Q |"m sorry, have you seen one being used in 04: 36
t hose applications? 04: 36
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A |'"ve seen DIMVs used in industrial 04: 36
conputing devi ces. 04: 36
Q What about are DI Mvs used in handhel d 04: 36
devi ces? 04: 36
A |"ve seen DI MM used in handhel d devices. 04: 36
Q DDR2 DI Mvs ? 04: 36
A | can't say for certain one way or 04: 36
anot her. 04: 36
Q Have you seen x8 DDR2 devices used in 04: 36
handhel d devi ces? 04: 36
A Yes. 04: 36
Q DDR2 DI MM x8 bit width for the nmenory 04: 36
nodul e. 04: 37
A VWhat's the question? 04: 37
Q You say you are aware of DDR2 DI MM wi dt h 04: 37
with x8 bit width menory nodul e being used in 04: 37
handhel d devi ces. 04: 37
A. No, I am not aware of that in particular, 04: 37
but I'"'mcertain that a person of ordinary skill 04: 37
could easily build that. 04: 37
Q " mjust asking you. You are not aware of 04: 37
any such DI MM nodul es being built and used in 04: 37
handhel d devi ces? 04: 37
A | am not aware of an 8-bit-w de DI MM using 04: 37
DDR nenory that's been used in a handhel d devi ce, 04: 37
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but that doesn't mean it hasn't happened. 04: 37
Q Ckay. And you are not aware of any 04: 38
8-bit-wi de DI MM nodul e being built and used in 04: 38
i ndustrial applications with DDR or DDR2 devices, 04: 38
correct? 04: 38
A "' mnot aware of a DI MM nodul e bei ng used 04: 38
with those specific specifications. 04: 38
Q Are you aware of any 8-bit-w de DI MM 04: 38
nodul e being built and used in industrial 04: 38
applications with DDR3, DDR4, or DDR 5 devices? 04: 38
A No. |'m aware of nenory nodul es, but they 04: 38
are not necessarily DI Mvs. 04: 38
Q Okay. What kind of other nenory nodul es 04: 38
are there? 04: 39
A. There are small form factor menory nodul es 04: 39
where the nenory die are placed on printed circuit 04: 39
boar ds. 04: 39
Q Are they SIMVs or do they have anot her 04: 39
name? 04: 39
A No. They have various kinds of nanes. 04: 39
Sonme of them don't have a nanme. Some of them would 04: 39
be called things |like FCBGAs, | believe, where 04: 39
they're -- they're printed circuit boards with a 04: 39
menory di e soldered on top. 04: 39
Q Okay. But you would not call them as 04: 39
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DI Mvs? 04: 39
A. No, I would not call those particul ar 04: 39

devi ces as DI Mvs. I would call them menory nodul es, 04: 39
but not DI Mvs. 04: 39
Q Okay. Ellsberry is about 04: 40
capaci ty-expandi ng nenory nodul es such as DI Mvs, 04: 40
correct? 04: 40
MR. CHANDLER: Objection. Form 04: 40

THE WTNESS: It's one of the notivations 04: 40

that's mentioned in -- in Ellsberry is to expand the 04: 40
capacity of the conmputer. 04: 40
BY MS. ZHONG 04: 40
Q Okay. So if you only have a single device 04: 40

per rank, how is that going to achieve the bit 04: 40
capacity expansion objective of Ellsberry? 04: 40
A Because you coul d expand from a one-device 04: 40
DIMMto a two-device DI MM by having two ranks. 04: 40
Q Why can't you just have those two devices 04: 41

in a single rank and expand the bandwi dth as -- 04: 41
(i ndiscernible.) 04: 41
THE REPORTER: |'m sorry, Counsel. Repeat 04: 41

your question. "Two devices in a single"... 04: 41
BY Ms. ZHONG 04: 41
Q -- rank and expand the bandwi dth as a 04: 41
result? 04: 41

Page 177

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

A That would require nmore pins on the nmenory 04: 41

bus. It would require a physical nodification to an 04: 41
exi sting conputer. 04: 41
Q Can you pl ease take a | ook at Figure 4 of 04: 41

El | sberry. 04: 42
A. Yes. 04: 42

Q In this configuration -- take a | ook at 04: 42
Figure 4, then read paragraph 12 to yourself. 04: 42
A Okay. 04: 42

Q Do you see that in paragraph 12, it says 04: 42

in Ell sberry, "The load on the bus is not increased 04: 42
because the menory bank switches present a single 04: 42
load to the bus." 04: 42
Do you see that sentence? It starts with 04: 42
"Moreover," the sixth line in paragraph 12. 04: 42
A | don't see that in paragraph 12. 04: 43

Q El | sberry, paragraph 12, one, two, three, 04: 43
four, five -- sixth |line. "Mor eover, the | oad on 04: 43
the bus is not increased because the nenory bank 04: 43
switches present a single load to the bus.™ 04: 43
Do you see that sentence? 04: 43

A I"msorry, |'mlooking at the wong 04: 43

pat ent . 04: 43
THE REPORTER: Do you know what exhi bit 04: 43

number you're referring to? 04: 43
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MS. ZHONG:  1037. 04: 43

THE WTNESS: | do see that. 04: 43

BY Ms. ZHONG 04: 43
Q Can we go back to Figure 4 of Ellsberry? 04: 43

A Yes. 04: 44

Q So in Figure 4 of Ellsberry, at the -- at 04: 44

the point of where DQ (7:0) and DQS is, there's only 04: 44
a single load; is that right? 04: 44
A That's what Ellsberry tells us. 04: 44

Q How does El |l sberry nmanage to do that? 04: 44

MR. CHANDLER: Objection. Form 04: 44

THE WTNESS: | would think it has to do 04: 44

with his definition of a |load and the detailed 04: 44
design of his swi tches. 04: 44
| think what he's really saying is that 04: 44

there's not a menory bank | oad on there; that 04: 44
there's -- there's not the | oad of the nmenory chips 04: 45
on that port. There will be sone increased | oad, 04: 45
some de minims increase in |oad fromthe sw tches 04: 45
402 and 404. 04: 45
BY Ms. ZHONG 04: 45
Q Okay. So there are two different ranks, 04: 45

at least two different ranks, each connected to a 04: 45
port A and a port B; is that right? 04: 45
A Correct. 04: 45
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Q Okay. But the nenory controller would 04: 45

only see the load corresponding to a single rank, is 04: 45
t hat what El |l sberry is saying? 04: 45
A CGenerally. | think what he's doing is 04: 45

he's recognizing that the vast mpjority of the |oad 04: 45
cones fromthe physical presence of pins and not 04: 46
frominternal circuits. And what he's done is now 04: 46
he no |l onger has two sets of pins on those w res but 04: 46
only one set of pins fromthe switch chip in 04: 46
Fi gure 4. 04: 46
Q When you say "the pins," which pins are 04: 46

you referring to? 04: 46
A So instead of having the pins 234 and 236 04: 46

both physically connected to the host, now he only 04: 46
has the pins 230 physically connected to the host. 04: 46
Q  Ah.  xay. 04: 46

And if during the operation only one of 04: 46

the bands is activated, that would also help with 04: 46
the fact that the nenory controller is only seeing a 04: 46
single -- the load corresponding to a single rank; 04: 46
is that right? 04: 47
A. [t can. But again, | think that what he's 04: 47
saying is that it's the physical presence of pins on 04: 47
t he connector that dom nates the | oading. 04: 47
Q Okay. So what Ellsberry is saying is that 04: 47
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by merging the 234 and the 236 into the 230 type, 04: 47
respectively, the nenory device is only seeing a 04: 47
single | oad? 04: 47
MR. CHANDLER: Objection. Form 04: 47

THE W TNESS: By conbi ning them using a 04: 47

switch in the way that he's described in Figure 4, 04: 47
that has the effect of reducing the |load from 04: 47
approximately 2 to approximtely 1. 04: 47
BY MS. ZHONG 04: 47
Q Okay. And by "switch," which switch are 04: 47

you referring to? 04: 47
A 402 and 404 act as a switch in Ellsberry. 04: 47

It allows -- 04: 47
Q What do you mean by -- go ahead. 04: 48

A It allows -- in aread it allows either 04: 48

402 or 404 to be driving bus 230. And in a wite, 04: 48
it allows the information on 230 to be routed to 04: 48
ei ther 234 or 236. 04: 48
Q The square where "wite" is witten, is 04: 48

that a delayed flip-flop? 04 48
A. | don't know what you nmean by "del ayed 04: 48
flip-flop." It is a flip-flop or a latch. 04: 48
Q It has a word "D" in there, so that neans 04: 48

it's a delayed flip-flop? 04: 48
A No. "D' stands for data. That just nmeans 04: 48
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it's the input. 04: 48
Q Ch, okay. 04: 48

So the wite is -- the control for the 04: 48

wite is inplenented as a flip-flop? And the 04: 48
triangle for read, that's a driver; is that right? 04: 49
MR. CHANDLER: Objection. Form 04: 49

THE W TNESS: Let nme see what it says. 04: 49

It's described in the text as 04: 49

bi directional signal drivers, but there is a 04: 49
flip-flop that's illustrated in the figure. 04: 49
BY MS. ZHONG 04: 49
Q s -- go ahead. 04: 49

A That's enough. 04: 49

Q Are those tri-state buffers? 04: 49

A Yes, | believe those are tri-state 04: 49
buffers. The bidirectional buffers, | believe. 04: 49
They're -- they're buffers that can be disabled. | 04: 50
woul d generally refer to those as tri-state buffers. 04: 50
Q So what's your understanding of tri-state 04: 50
buffers? 04: 50
A. It has three states normally: High, |ow 04: 50

and di sengaged. O high inpedence is the way we 04: 50
technically tal k about it. 04: 50
Q How do you know, |ike, these ones can be 04: 50

di sabl ed? 04: 50
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A | believe it tells us that in the text. 04: 50
Let's see. 04: 50
l"'mnot finding it right now. 04: 53

My recol |l ection was that the description 04: 53

of that as being an inplenentation of switch 206 04: 53
where it calls those signal drivers that operate as 04: 53
a switch, along with the drawing, indicated to ne 04: 53
that those are tri-state drivers. Because that 04: 53
woul d be a very common configuration as to how one 04: 53
woul d build a switch. 04: 54
Q Are those FET switches? 04: 54

A It depends what you nean by FET switches. 04: 54
Everything in these systens is made of FETs. 04: 54
VWhen Ell sberry refers to FET swi tches, 04: 54

which | think he's referring to a very specific kind 04: 54
of prior art FET switch. | think that nore normally 04: 54
sonmebody would call those -- call this a distributed 04: 54
mul ti plexor or a tri-state driver. 04: 54
Q And when you say |like everything in the 04: 54
systemis nmade of FET switches, what do you nean by 04: 54
that? By FET, do you nean transistors? 04: 55
A. FET stands for field effect transistors. 04: 55

MR. CHANDLER: Objection. Form 04: 55

THE WTNESS: All of the logic in these 04: 55

systens is conprised of field effect transistors. 04: 55
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But Ellsberry uses the term"FET switch”" in a very 04: 55
common way where he's tal ki ng about what we woul d 04: 55
call a -- a passthrough FET or a transm ssion gate 04: 55
where he's tal king about a very specific 04: 55
configuration of a FET as was used in sone of the 04: 55
prior art references. 04: 55
It's very clear when you read Ellsberry as 04: 55

a whole that he's building switches out of this 04: 55
circuit and it's conprised of FETs, but it's not 04: 56
what he calls a FET switch. 04: 56
BY MS. ZHONG 04: 56
Q VWhat is a passthrough FET? 04: 56

M5, ZHONG. F-E-T, Court Reporter. 04: 56

THE WTNESS: |It's where you connect a 04: 56

signal between the source and the drain of the FET 04: 56
as opposed to connecting the signal to the gate of 04: 56
the FET. |It's a different configuration. 04: 56
And it can be used in certain 04: 56
circunstances. And Ellsberry refers specifically to 04: 56
somet hi ng even narrower, to a stand-alone FET chip 04: 56
that was used in the prior art. 04: 56
And he wanted to use a different 04: 56
configuration that was faster of using these 04: 56
tri-state drivers or this distributed nultiplexor 04: 56
that wouldn't commonly be called a FET switch. It 04: 57
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woul d commonly be call ed by another nane. 04: 57
BY Ms. ZHONG 04: 57
Q And you al so nentioned a transm ssion gate 04: 57

FET switch; is that correct? 04: 57
A. Yes. Again, that's just another nanme for 04: 57

the configuration where the source and drain are 04: 57
used to couple a signal rather than driving the 04: 57
signal through the gate. 04: 57
It's essentially a configuration in which 04: 57

you don't power the output signals, and therefore, 04: 57
it can -- it can have limted utility, where this is 04: 57
a configuration where you would power the out put 04: 57
signals and would be faster. 04: 57
Q You did not find any disclosure upon your 04: 58
review just now of disabling the flow 2 and flow 3; 04: 58
is that right? 04: 58
MR. CHANDLER: Objection. Form 04: 58

THE WTNESS: No, | wouldn't say | didn't 04: 58

find it, in those words. But | -- it certainly 04: 58
tal ks about them conprising a switch 206, which 04: 58
woul d nmean that one's operating and one's not. 04: 58
And al so, if you | ook at Figure 8 and 04: 58
understand its operation, you would understand that 04: 58
as wel | . 04: 58
And then if you | ook at the description of 04: 58
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the digital drivers described in paragraph 31 which 04: 58
woul d correspond to these, then you woul d understand 04: 59
that only one of themis driving the bus 230 at a 04: 59
time during a read operation. 04: 59
It al so describes themin paragraph 33 04: 59

that the ports are multiplexed onto the DI MM 04: 59
interface 202, which corresponds to 230. And 04: 59
mul ti pl exi ng means switching one at a tine. 04: 59
BY MS. ZHONG 04: 59
Q And paragraph 33 is an inplenmentation 05: 00
where wite data is sent to both ports A and B, 05: 00
right? 05: 00
A Yes, in what's described in that 05: 00
enbodi ment in paragraph 33. At the beginning of the 05: 00
paragraph that's how it works. At the end of the 05: 00
paragraph it describes the other enbodi nent. 05: 00
Q You' re tal king about alternatively when 05: 00

row bank node addressing is used, read and write 05: 00
commands -- (indiscernible.) 05: 01
THE REPORTER: |'m sorry, Counsel. Repeat 05: 01

your question, please. 05: 01
BY Ms. ZHONG 05: 01
Q You are referring to alternatively when 05: 01

row bank node addressing is used, read and wite 05: 01
conmands are sent only to the targeted nmenory device 05: 01

Page 186

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

and a no-op operation is sent to the nontarget 05: 01
menory devi ce? 05: 01
A Yes. 05: 01

Q That's referring to sending commands to 05: 01

the targeted nenory device, not data, right? 05: 01
A In the case of -- it's essentially -- it's 05: 01
exactly what's described in Figure 8. So it's 05: 01
descri bing how the commands are sent. The command 05: 01
is sent to only one of the banks in that situation. 05: 02
The data operates -- 05: 02
Q But the data -- 05: 02

A The data -- it doesn't really matter 05: 02

whet her or not the data is sent to both banks on a 05: 02
wite operation, but it would be nultiplexed as 05: 02
described in that paragraph on a read operation. 05: 02
Q Okay. So the data is nmultiplexed and is 05: 02

sent to both banks because -- because only one of 05: 02
t he bank receives a read and wite command, only one 05: 02
of the bank will actually read that data; is that 05: 02
right? 05: 02
MR. CHANDLER: Objection. Form 05: 02

THE W TNESS: You don't send data to a 05: 02

bank on a read command. 05: 02
BY Ms. ZHONG 05: 02
Q Sorry. So let's say it's a wite 05: 02
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operation, and the wite command is only sent to one 05: 02
rank, and a no-op command is sent to the other rank. 05: 02
So even though data is sent to both of them only 05: 03
the rank that receives the wite conmand wil | 05: 03
actually read the data; is that right -- wll 05: 03
actually wite the data? 05: 03
MR. CHANDLER: Objection. Form 05: 03

THE WTNESS: If that's howit's built, 05: 03

that would be true. It's silent as to whether or 05: 03
not it sends the wite data to both ports because it 05: 03
doesn't matter. 05: 03
It's clear that the read data is only 05: 03
forwarded from one port through the switch. And 05: 03
it's clear that the command -- for exanple, a wite 05: 03
command -- would only be sent to one port at a tine. 05: 03
BY Ms. ZHONG 05: 03
Q Okay. But in that operation, for exanple, 05: 03
where the wite data is sent to both port A and 05: 03
port B, would there be a problem of bus conflict? 05: 04
MR. CHANDLER: Objection. Form 05: 04

THE W TNESS: No, because on a wite -- 05: 04

BY Ms. ZHONG 05: 04
Q Why not ? 05: 04

A -- the nmenory chips are listening, and the 05: 04

DQ all come fromthe host and would all be 05: 04
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replicated. So it could operate that way w thout a 05: 04
conflict in that particul ar case. 05: 04
Q Ckay. So when you have a wite operation, 05: 04

you can have both -- let's go back to Figure 4. 05: 04
When you have a wite operation, you can 05: 04

have 402 and 404 being turned on at the same tine 05: 04
wi t hout having to worry about a wite conflict -- or 05: 05
a bus conflict? 05: 05
A What do you mean being turned on? They 05: 05
could drive ports 234 and 236 conceivably w thout a 05: 05
conflict. The conflict happens in the other 05: 05
direction on a read. 05: 05
Q Okay. So when -- so when people talk 05: 05
about bus conflict, it's nore about the read 05: 05
operation, not the wite operation? 05: 05
MR. CHANDLER: Objection. Form 05: 05

THE WTNESS: Correct. That's the 05: 05

critical case. 05: 05
BY Ms. ZHONG 05: 05
Q Ckay. So let me just understand. I'm 05: 05
getting a little confused. 05: 05
When you have a write operation, 05: 05
theoretically you can have -- let's say the data 05: 05
pass between 230 and 236 and the data pass between 05: 05
230 and 234 are at the sanme tine w thout having to 05: 05
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worry about a bus conflict; is that right? 05: 05
MR. CHANDLER: Objection. Form 05: 06

THE W TNESS: Conceivably you could do 05: 06

that in a wite. The problemis when you have a 05: 06
read. And that's why you need the switches, the 05: 06
mul ti pl exing function that's descri bed between 402 05: 06
and 404. 05: 06
BY Ms. ZHONG 05: 06
Q Okay. So the 402 and 404 nmultiplexing is 05: 06

nore inportant for the read. Wite is |less of a 05: 06
concern because the device would be listening to it, 05: 06
and the device has their own controls that they can 05: 06
turn things off to avoid burning the bus. 05: 06
MR. CHANDLER: Objection. Form 05: 06

THE W TNESS: That would be ny 05: 06

under st andi ng. 05: 06
BY Ms. ZHONG 05: 06
Q But then why in the -- why in nodern DDR 05: 07
devices the wite path, once you are done with the 05: 07
wite, you kind of turn off -- let nme wthdraw and 05: 07
ask a question. 05: 07
You are fam liar with DDR4 -- 05: 07

(i ndiscernible.) 05: 07
THE REPORTER: |'m sorry. Your question, 05: 07

pl ease? 05: 07
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THE WTNESS: | have sonme famliarity with 05: 07

DDR4, but | don't have it in front of ne. 05: 07
MR. CHANDLER: Onbjection. It's outside of 05: 07

t he scope. DDR4 is not in the declaration, so it's 05: 07
definitely outside the scope of the direct. 05: 07
MS. ZHONG. Can you stop coaching the 05: 07

Wi t ness by using speaking objections? 05: 07
MR. CHANDLER: | apol ogize. Object to 05: 07

scope and direct. 05: 07
BY Ms. ZHONG 05: 07
Q Dr. Wilfe, are you famliar with DDR4 -- 05: 07
(indiscernible.) 05: 07
A Generally, but | certainly can't recall 05: 08

the entirety of the specification. 05: 08
MR. CHANDLER: Objection. CQutside the 05: 08

scope of the direct. 05: 08
Counsel, you're going to run out of tine, 05: 08

SO. .. 05: 08
BY Ms. ZHONG 05: 08
Q So in DDR4 are the -- during a write 05: 08
operation, the wite path in the data buffer is 05: 08
turned on. And then after the wite operation that 05: 08
data path is turned off. Do you know why that is 05: 08
needed? 05: 08
MR. CHANDLER: Objection. CQutside the 05: 08
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scope of direct. 05: 08
THE WTNESS: | don't recall that 05: 08
specifically. 1'd have to |look at the specification 05: 08
in detail. 05: 08
BY Ms. ZHONG 05: 08
Q Can you pull up Exhibit 1033. 05: 08
(Exhibit 1033 was nmarked for 05: 09
identification and attached 05: 09
hereto.) 05: 09
THE W TNESS: Ckay. 05: 09
BY MS. ZHONG 05: 09
Q Can you go to page 4137 05: 09
Are you there? 05: 09
A Yes. 05: 09
Q Do you see that at the end of the first 05: 09
paragraph for Section 10.2.2 it says, "The word 05: 09
"rank' is now used to denote a set of DRAM devices 05: 09
t hat operate in | ockstep to respond to a given 05: 09
command in a menory systenl'? 05: 09
A. | see that. 05: 09
Q What does "in | ockstep" nean? 05: 09
A. It neans if the set of DRAMs includes nore 05: 10
than one, they are producing their data outputs and 05: 10
out put clocks at the sane tine. 05: 10
You have to read it in the context at the 05: 10

Page 192

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

begi nning of the paragraph where it's tal king about 05:10
one or nore. 05:10
Q Can you go to Exhibit 1035, Perego? 05: 10
A Ckay. 05: 10
Q Can you go to colum 7? Can you read the 05: 10
paragraph starting in line 48 and ends in |line 64? 05:11
A | see that. 05:11
Q Can you explain what Perego nmeans by the 05:11
description in colum 7, lines 54 to 64? 05:11
A Perego is explaining that one of the 05: 11
things that he teaches is the ability to change the 05:11
wi dth of the communication bus between the nenory 05: 11
nodul e and the host. And that if you inplenment that 05: 12
feature, then when you change the bit width you are 05:12
not abandoni ng a portion of the nenory. You are 05:12
increasing the serialization ratio. So you can 05:12
still access the same anount of nmenory. You woul d 05:12
sinply do it in a larger nunber of steps. O if you 05:12
were to make the -- the nodule width wi der, you 05: 12
don't access nore nenory. You sinply can access it 05:12
in a fewer nunber of steps. 05:12
Q Okay. So what this passage neans is that 05:12
the menory access bit wi dth would be constant. It's 05:12
just the nunber of transfers that you have to do 05:13
vari es, depends on the considerable bit wi dth of the 05:13
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processor; is that right? 05:13
A. In sone of Perego's enbodi nents, that 05: 13
woul d be the case. 05: 13
Q Ckay. And the nenory access bit w dth, 05: 13
that's the nunber of bits the menmory nodul e would 05: 13
output in response to a single read or wite 05:13
operation, right? 05:13
A Say the phrase agai n. 05:13

Q So the nunber of bits that -- and the 05: 13
menory access bit width, that is the nunber of bits 05: 14
the menory nodul e woul d output in response, for 05: 14
exanple, to a single read operati on comrand, 05: 14
correct? 05: 14
MR. CHANDLER: Objection. Form 05: 14

THE W TNESS: Can you point nme to a 05: 14
particular colum and |ine? 05: 14
BY Ms. ZHONG 05: 14
Q " m just asking you in this paragraph. 05: 14

A. Remind ne the -- the range again? 05: 14

Q 7, 54 to 64. 05: 14

A. |"mnot finding that particul ar phrase. 05: 14

Am | mssing it? 05: 15
Q | thought what you said your understanding 05: 15

of what's described in this passage is that the 05: 15
anmpunt of menory access is not changed. The only 05: 15
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thing that's changed is the serialization ratio. 05: 15
A. Correct, and that's -- 05: 15

Q Is that what you -- 05: 15

Yes, that's when you change what Perego 05: 15

calls the configured buffer device interface w dth. 05: 15
Q But in that situation what Perego calls 05: 15

the WA, or the nmenory access bit width, that is not 05: 15
changed; is that right? 05: 16
A In certain enbodi nents that would be true. 05: 16

Q Okay. And the nenory access bit wi dth, 05: 16

WA, that is the nunber of bits the nmenory nodul e 05: 16
woul d output in response, for exanple, to a single 05: 16
read command fromthe computer systent is that 05: 16
right? 05: 16
MR. CHANDLER: Objection. Form 05: 16

THE W TNESS: Yes, but Perego calls it the 05: 16

menory devi ce access wi dth. 05: 16
BY Ms. ZHONG 05: 16
Q So the nmenory device access w dth, WA, 05: 16

that is the number of bits the nenory nodul e would 05: 16
output in response to a single read command fromthe 05: 16
conmputer system correct? 05: 16
MR. CHANDLER: Object to form 05: 16

THE WTNESS: No. That's the nunber of 05: 16

bits that one rank would output at a tine in 05: 16

Page 195

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

response to a single read request. 05: 16
BY Ms. ZHONG 05: 17
Q Ckay. So the nmenory device access w dth, 05: 17

WA, is the nunber of bits that one rank of menory 05: 17
devices would output at a tinme in response to a 05: 17
single read request, correct? 05: 17
A. | believe so, yes. 05: 17

Q And the nmenory device access width, WA, is 05: 17

al so the number of bits that one rank of nenory 05: 17
devices would score at a tinme in response to a 05: 17
single wite request; is that right? 05: 17
A Yes. 05: 17

Q What ot her WAs that's described in Perego, 05: 17

what are the specific nmenory device access width 05:18
that's referenced in Perego? 05:18
Let me withdraw and ask you a different 05: 18

guesti on. 05:18
So if you can go to Perego, colum 14, 05: 18

lines 10 through 15. 05: 18
A Ckay. 05: 19

Q In this exanmple, what is the menory access 05: 19

bit width -- or menory device access wi dth? 05: 19
A In this particular exanple it's 64 bits. 05: 19

Q It's 64 bits for each of the interface 05: 19

520A and 520B, right? 05:19
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A Yes. 05: 19
Q So why isn't it 128? 05: 19
A. Ch, yeah, it could be, yep. 05: 19
Q So the interface 520A and 520B can be 05: 19
operating concurrently; is that right? 05: 19
A Not concurrently. Sequentially, I 05: 19
bel i eve. 05: 19
Q Sequential ly? 05:19
A Yeah. 05:19
Q Okay. 05:19
A. | believe that -- 05: 19
Q They can't -- 05: 19
A | believe Perego describes both. 05:19
Q Okay. When you say he describes both, 05:19
what do you nean? Both as referring to what? 05: 20
A | believe that he says that they can 05: 20
operate either concurrently or one at a tine. 05: 20
Q And is each interface 520A and 520B a 05: 20
channel as shown in Figure 4A or 4B then? 05: 20
A. It's one or nore channels. 05: 20
Q In Perego Figure 4A, do the channels 05: 20
operate concurrently or do they always operate at 05: 20
different tinmes? 05: 20
A They certainly can operate at different 05: 21
tinmes. | thought | recall a disclosure in Perego 05: 21
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that as an alternative they can operate 05: 21
concurrently. 05: 21
Q So if the channels are operating 05: 21
concurrently, say, in Figure 4A, how many ranks are 05: 21
t here? 05: 21
A If they're operating concurrently there's 05: 21

only one. That would not be the enmbodi nent that | 05: 21
relied on. 05: 21
Q Okay. So you have the line item 05: 22
enbodi ment where the channels are not operating 05: 22
concurrently? 05: 22
MR. CHANDLER: Objection. Form 05: 22

THE WTNESS: |I'mrelying on an enbodi nent 05: 22

where each channel is one rank. 05: 22
BY MS. ZHONG 05: 22
Q Okay. So | think you nentioned that each 05: 22
channel can al so operate sequentially. So if the 05: 22
sequential operation is in response to a single read 05: 22
request, does that nmean there are two ranks of 05: 22
menory devices or just a single rank? 05: 22
A. It wouldn't be a single request at the 05: 22
menory device. They could have been derived froma 05: 22
singl e request at the host because the host believes 05: 22
there's one rank. That's the core -- 05: 23
Q Okay. 05: 23
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A -- idea of rank nultiplication is that 05: 23

t he host believes it's talking to one rank. But in 05: 23
fact the logic splits the commands into two sets of 05: 23
commands so that in fact there are physically two 05: 23
ranks. 05: 23
Q Okay. So when you say they operate 05: 23
sequentially, that means one channel is responding 05: 23
to one of the -- how should | say it? -- decoded 05: 23
read request, and the second channel is responding 05: 23
to the second decoded read request; is that right? 05: 23
MR. CHANDLER: Obj ecti on. 05: 23

THE WTNESS: | think generated is a 05: 23

better termthan decoded. But with that 05: 23
substitution, | would agree. 05: 23
BY MS. ZHONG 05: 24
Q So when you define a rank to say that it 05: 24

is "a subset of one or nore nmenory devices on a 05: 24
menory nodul e that act together in response to 05: 24
command signals, including chip select signals, to 05: 24
read or wite the full bit width of the menory 05: 24
nodul e, " which command signals are you referring to? 05: 24
The conmand signal that's being sent fromthe host 05: 24
or the one that's regenerated? 05: 24
A The one that's provided to the nenory 05: 24
devices, which in the case of the clained devices 05: 24
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woul d be the one that's being generated. 05: 24
Q Does that mean the conmmand signal that's 05: 25
received fromthe host systemis different froma 05: 25
command signal that's being sent to the nmenory 05: 25
devi ce then? 05: 25
MR. CHANDLER: Objection. Form 05: 25

THE WTNESS: It can be. It can be. 05: 25

Because it believes that it's talking to a single 05: 25
rank when in fact it's talking to multiple ranks 05: 25
in-- in the real world. So that may require just 05: 25
replicating the signal at different tinmes or it may 05: 25
require nodifying it. 05: 25
BY MS. ZHONG 05: 25
Q But | thought you said a command signal 05: 25

only does not include bank addresses or row 05: 25
addresses. It only includes signals |like chip 05: 25
sel ect and RAS, CAS, and WE; is that right? 05: 26
A. Correct. So the alteration would be the 05: 26

time at which those pins are asserted. That's how 05: 26
they're generated as being -- by having them be 05: 26
asserted at a different tinme for the different 05: 26
ranks. 05: 26
Q And you also said that for -- to send the 05: 26
command signals to DDR2 or DDR device, chip select 05: 26
signal s need not be received, but it can be 05: 26
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generated internally by sone logic on the nmenory 05: 27
modul e; is that correct? 05: 27
MR. CHANDLER: Objection. Form 05: 27

THE WTNESS: |'m not sure | understand 05: 27

t he questi on. 05: 27
BY Ms. ZHONG 05: 27
Q Okay. | thought you nentioned earlier 05: 27

that the -- in response to description in Perego, 05: 27
that Perego is using addresses to select a subset of 05: 27
the nmenory devices. | thought you said chip select 05: 27
signals can be generated based on those received 05: 27
address bits and there need not be a separate chip 05: 27
sel ect signal; is that correct? 05: 27
MR. CHANDLER: Objection. Form 05: 27

THE WTNESS: | don't recall the context 05: 28

of that comment. 05: 28
I think what | mght have said is that 05: 28

there doesn't have to be a separate chip select wire 05: 28
in every enbodinent. But there has to be a -- 05: 28
somet hi ng that selects the chip. 05: 28
BY Ms. ZHONG 05: 28
Q But the chip select signal can be 05: 28
generated internally on the nmenory nodule in 05: 28
response to the information it receives; is that 05: 28
correct? 05: 28

Page 201

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. CHANDLER: Objection. Form 05: 28

THE W TNESS: Again, it depends on the 05: 28

enbodi ment, but | think that that could -- could be 05: 29
done. Not necessarily that that would be the nornal 05: 29
way that anybody woul d i npl enent Perego, but | think 05: 29
concei vably that could be done. 05: 29
BY Ms. ZHONG 05: 29
Q Okay. So let's go back to Perego, columm 05: 29

15, line 37 to 40. Are you there? 05: 29
A Yes. 05: 29

Q So in that instance, the subset of the 05: 29
signal lines are selected via address bits; is that 05: 29
right? 05: 29
MR. CHANDLER: Objection. Form 05: 29

THE WTNESS: In that one very speci al 05: 30

case and that one enbodi nment, you can select a 05: 30
target subset of secondary channel signal |ines via 05: 30
address bits and -- 05: 30
BY Ms. ZHONG 05: 30
Q By selecting -- 05: 30

MR. CHANDLER: Objection. | don't think 05: 30

he was done. | don't think he was done with his 05: 30
answer . 05: 30
THE WTNESS: | don't think you would 05: 30

enabl e specific devices based on address bits al one. 05: 30
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BY Ms. ZHONG 05: 30
Q Ckay. But by selecting a subset of 05: 30
secondary channel signals, are you selecting a 05: 30
particul ar group of devices to respond to a single 05: 30
read or wite request? 05: 30
MR. CHANDLER: Objection. Form 05: 31

THE WTNESS: | don't think so. Not in 05: 31

that situation. | think that that's specific to 05: 31
channel signal Iines. 05: 31
BY Ms. ZHONG 05: 31
Q So you don't think this is describing 05: 31
groupi ng devices into independent target subsets? 05: 31
MR. CHANDLER: Objection. Form 05: 31

BY MS. ZHONG 05: 31
Q So why don't you read a few |lines down, 05: 31
colum 7, lines 40 to 45. 05: 31
A. Again, | don't think it has to do with 05: 31
enabling or disabling devices. | think it sinply 05: 31
has to do with being able to inmpact the nunber of 05: 31
i ndependent banks that are open at a tine. 05: 31
Q When you say "independent banks," which -- 05: 31

what do you nean? 05: 31
A It would nmean the nunber of page registers 05: 32

whi ch can be activated corresponding to different 05: 32
addr esses. 05: 32
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Q But all these are in a single rank? 05: 32

No. | think this is talking about 05: 32

t hroughout the system 05: 32
Q So you don't think this paragraph has 05: 32
anything to do with grouping devices into different 05: 32
ranks? 05: 32
MR. CHANDLER: Objection. Form 05: 32

THE WTNESS: | do not think that this 05: 32

par agraph specifies how ranks are sel ected or 05: 32
enabl ed. 05: 32
BY MS. ZHONG 05: 32
Q Does Perego discuss how different ranks 05: 32

are selected or enabl ed? 05: 32
A | believe so. You have to | ook back at 05: 33

what | referenced in ny declaration. 05: 33
Q | did a search for the word "rank" in 05: 33
Perego and | canme up enpty handed. Do you recall -- 05: 33
A. | think that's right. | think we already 05: 33

tal ked about this. | believe Perego does not use 05: 33
the specific word even though he clearly discloses 05: 33
t he concept. 05: 33
Q And the concept being in response to a 05: 33
single read or wite operation it outputs a certain 05: 33
number of bits? |Is that what you're referring to? 05: 33
A Yes, one or nore nenory devices that 05: 33
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respond to a single operation. 05: 33
Q So if Perego uses DDR or DDR2 devices, how 05: 34

many address bits would it need in order to perform 05: 34
aread -- |ike how many control signal bits would it 05: 34
need in order to performa read operation, for 05: 34
exanpl e? 05: 34
MR. CHANDLER: Objection. Form 05: 34

THE W TNESS: That woul d depend on the 05: 34
particul ar devices that were chosen and how many of 05: 34
t hem were chosen. 05: 34
BY MS. ZHONG 05: 34
Q So let's say it's a x8 DDR2 devi ce. 05: 34

It still depends on how many of them are 05: 35

used, how many are used per rank, and what the 05: 35
capacity of each device is. 05: 35
Q | thought for a read operation all the 05: 35
devices in a rank are desel ected, correct? 05: 35
A. Yes, but the nunber of address bits that 05: 35

are involved varies based on a nunber of factors 05: 35
that |1've nmentioned. 05: 35
Q Okay. So why don't we go to page 92 of 05: 35

your decl arati on. 05: 35
A Okay. 05: 35

Q And on page 92 you have |isted six types 05: 35

of DDR2 device, correct? 05: 35
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A Correct. 05: 35

Q Let's say for the 32Mox16 DDR2 device for 05: 35

a read operation, how many control address bits do 05: 36
you need for a single read operation? 05: 36
MR. CHANDLER: Objection. Form 05: 36

THE WTNESS: |'m not sure what you nean 05: 36

by "control address bit." 05: 36
BY Ms. ZHONG 05: 36
Q Ch, a command address bit. 05: 36

MR. CHANDLER: Objection. Form 05: 36

THE WTNESS: | also don't know what you 05: 36

mean by "conmand address bit." 05: 36
BY MS. ZHONG 05: 36
Q Well, on page 93 you have a command truth 05: 36
table, correct? 05: 36
A Yes. 05: 36

Q So for a read and wite operation you need 05: 36

all the signals that's |listed here, correct? 05: 36
MR. CHANDLER: Objection. Form 05: 36

THE W TNESS: Not necessarily. It depends 05: 37

how nuch nmenory you have. 05: 37
BY Ms. ZHONG 05: 37
Q When you say depends on -- we are talKking 05: 37
about 32Mox16 device? 05: 37
A Correct. For exanple, that device does 05: 37
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not use a 15, which is shown in Table 10. 05: 37
Q Ckay. I'mjust asking you, like, how many 05: 37

bits do you need in order to define a read operation 05: 37
for a menmory nodule with 32Mox16? 05: 37
MR. CHANDLER: Objection. Form 05: 37

THE W TNESS: Are you asking nme to assume 05: 37

that that's the only menory chip on the nodul e? 05: 37
BY Ms. ZHONG 05: 37
Q Yes. 05: 37

A If you had a nenory nodule with only a 05: 37
single 32Mox16 menory chip on it, then with respect 05: 37
to the conmand and address signals that are shown in 05: 38
Tabl e 10, you would need one, two, three, four -- 05: 38
five command signals, plus two bank address signals, 05: 38
pl us 13 address signals. 05: 38
Q So it's 13 plus 2 is 15, plus, you said, 05: 38
five? 05: 38
A. OfF the signals that are listed -- of the 05: 38
signals that are listed here. W'd have to go back 05: 38
to Exhibit 1029. I|I'msure there's other signals 05: 38
t hat get provided that are nore ancillary. 05: 38
Q Okay. |If you have two 32Mox16 menory 05: 38
devices on the nmenmory nodul e, how many signal bits 05: 38
do you need in order to performa read operation? 05: 39
A It depends how they're configured. |If 05: 39
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they' re configured, you know, x32 configuration as a 05: 39
single rank, then you would need the sane nunber of 05: 39
control and address signhals fromthose listed in 05: 39
Tabl e 10. 05: 39
Q So, again, 20 signals -- signal bits? 05: 39

A. Correct. 05: 39

Q Woul d they be arranged in what you call 05: 39
two-rank configuration or a x16 bit w dth nodul e? 05: 39
MR. CHANDLER: Objection. Form 05: 39

THE W TNESS: Then you woul d need an 05: 39
additional chip select at |east. 05: 39
BY MS. ZHONG 05: 40
Q Okay. So about 21. And so if | had four 05: 40
32Mox16 in four ranks, then | would need about 23 05: 40
signals -- 05: 40
A From anong those that are di scussed. 05: 40

MR. CHANDLER: Objection. Form 05: 40

BY Ms. ZHONG 05: 40
Q -- for a read -- okay. 05: 40

A From those di scussed in Table -- sorry. 05: 40

MR. CHANDLER: Objection. Form 05: 40

BY Ms. ZHONG 05: 40
Q And we're tal king about x16 bit wi de 05: 40
configurable -- but we're tal king about a Perego 05: 40
menmory nmodule with 16 bit wide path, and you're 05: 40

Page 208

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

tal ki ng about using 23 signal bits? 05: 40
MR. CHANDLER: Obj ecti on. 05: 40

BY Ms. ZHONG 05: 40
Q How can you do that? 05: 40
Well, none of your earlier questions had 05: 40

anything to do with Perego for the -- for one. But 05: 40
Perego contenplates a variety of different kinds of 05: 41
buses that can be used to connect to the host. 05: 41
BY MS. ZHONG 05: 41
Q I'"mtal king about Perego's configurable -- 05: 41
(indiscernible.) 05: 41
THE REPORTER: |'msorry. |'msorry, 05: 41

Counsel , repeat your question, please. 05: 41
BY MS. ZHONG 05: 41
Q So in Perego with a WDP of 16, how woul d 05: 41

the 23 bits needed for a single read operation be 05: 41
sent or received by the nmenory nodul e? 05: 41
A If you were to make all those assunptions 05: 41

and neke that decision about Perego, Perego 05: 41
contenpl ates both interfaces to the host in which 05: 41
data and address share the interface or also where 05: 42
it's only the data that is configurable. 05: 42
So certainly Perego contenpl ates nodul es 05: 42

in which the address and control lines are distinct 05: 42
fromthe configurable data |ines. 05: 42
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Q Okay. So what you're saying is that when 05: 42

you say WDP is 16, it's only for the data bits? It 05: 42
doesn't include the control and signal bits; is that 05: 42
right? 05: 42
A In at | east sone of the enmbodi nents that 05: 42

are disclosed by Perego. 05: 42
Q And the control and signal bits are sent 05: 42

on separate wres? 05: 42
A In at | east sonme enbodi nents, yes. 05: 42

Q Okay. So in the x16 enbodi nent that you 05: 42

are relying on, if we are talking about data |ike 05: 42
menory bus, you are going to have a 23 bit wide -- 05: 43
at least a 23 bit wide control and signal pins and a 05:43
16 bit wi de data path? 05:43
Is that what you're saying? 05: 43

MR. CHANDLER: Object to form 05: 43

THE WTNESS: |[|f you intended -- you would 05: 43

have -- at least in a JEDEC-style interface, you 05: 43
woul d have at | east 23 command and address signals 05: 43
and at |least 16 data signals in the situation in 05: 43
whi ch you decided to have a 16 bit wide data bus in 05: 43
an enbodi nent of Perego. 05: 43
BY Ms. ZHONG 05: 43
Q And the 16 bit wide data bus is the one 05: 44

you relied on in your exanple, correct? 05: 44
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A | did rely on that in sone of my exanpl es. 05: 44

Q And did you di scuss how the control and 05: 44
address signals are sent and received by Perego's 05: 44
DI Mvs? 05: 44
A. To the extent that they're tied to the 05: 44
claiml anguage | did. 05: 44
Q Can you point me to that? 05: 44

A Boy, you know, it's throughout my 50-pl us 05: 44
pages of description of how Perego matches the 05: 44
cl ai ns. 05: 45
One exanple is in paragraph 119. 05: 45

Q Okay. 05: 45

But | discuss it repeatedly throughout 05: 45

that section. Discussed it in paragraph 124, you 05: 45
know. | know | extensively map it to the clains in 05: 45
par agraphs 107 through 187. 05: 45
Q Okay. So in paragraph 119 did you discuss 05: 45

whet her the control address information on 05: 45
controller is received in a packetized fashion or 05: 45
whether it is -- (indiscernible.) 05: 45
THE REPORTER: |'"msorry, Counsel, you're 05: 46

fading again. "Controller is received"... 05: 46
BY Ms. ZHONG 05: 46
Q So in paragraph 19 did you discuss whether 05: 46

the control and address information is received in a 05: 46
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packetized format, a parallel bus format, or 05: 46
ot herw se? 05: 46
A. Not in that particular paragraph | don't, 05: 46

no. 05: 46
Q Okay. 124, do you discuss it there? 05: 46

A | do. For exanple, | quote in -- on page 05: 46

68 where Perego says that the "control |ines may 05: 46
conprise individual control lines, for exanple, row 05: 47
address strobe, columm address strobe, and address 05: 47
lines." 05: 47
Q Is that referring to the RQ between the 05: 47
secondary channel and device? 05: 47
A | think it's applicable to both RQ. Both 05: 47

the ones between the secondary channels and the 05: 47
device and al so between the second device and the 05: 47
host . 05: 47
Q Does it call out a chip select signal? 05: 47

Not in that particular citation it does 05: 47

not . 05: 47
Q And you have confirned earlier that you 05: 48
don't see a description of chip select signal in 05: 48
Perego, correct? 05: 48
MR. CHANDLER: Objection. Form 05: 48

THE WTNESS: | think | said that | didn't 05: 48

see a specific recitation of a -- of a signal called 05: 48
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chip select, but that a person of ordinary skill 05: 48
woul d understand that one is necessary if one 05: 48
i npl ements it using the JEDEC standard for DDR 05: 48
menory devi ces. 05: 48
BY Ms. ZHONG 05: 48
Q But then not the specific chip sel ect 05: 48
wire; is that correct? 05: 48
MR. CHANDLER: Objection. Form 05: 48

BY MS. ZHONG 05: 49
Q Is that correct? 05: 49

A. There's not one with that nane. But that 05: 49
capability is, | believe, disclosed. And again, a 05: 49
person of ordinary skill would look to the JEDEC 05: 49
standard for the particular nane of that signal with 05: 49
respect to inplenmenting Perego. 05: 49
Q But there need not to be a specific pin 05: 49

for chip selection, correct? 05: 49
MR. CHANDLER: Objection. Form 05: 49

THE W TNESS: Perego doesn't require one. 05: 49

But a person of ordinary skill in the art 05: 49
under st andi ng JEDEC woul d be notivated to inpl enment 05: 49
one. Certainly Perego tal ks about individual 05: 49
signals for control -- individual wires or lines for 05: 49
control signals. 05: 49
BY MS. ZHONG 05: 49
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Q Why woul d someone i npl enment using -- 05: 49

i npl ement a nmenory nodule with only 16-bit-w de data 05: 49
path but 23 bit and higher control path? 05: 50
A. Because it can be econom cal and effective 05: 50

to do so. Those are two i ndependent deci sions. 05: 50
The control path is based on how many 05: 50

di fferent conmands and how many different addresses 05: 50
one needs to inplenment. And the data path is based 05: 50
on the data bandw dt h. 05: 50
We can look at a real-world exanple in 05: 50

Exhi bit 1029 where JEDEC recomrends buil di ng chi ps, 05: 50
for exanple, that have nore than 16 control signals 05: 50
but only 16 data signals. 05: 50
Q That's on the device side but not on the 05:51
menory side? 05:51
THE REPORTER: " msorry, Counsel, one 05: 51

nore tinme. 05: 51
BY Ms. ZHONG 05: 51
Q That's on the device side but not on the 05: 51
menory nodul e side, correct? 05: 51
A. Wth respect to Exhibit 1029, that's true, 05: 51

it is discussing devices. But the notivations woul d 05: 51
be the sane. 05:51
MS. ZHONG Let's take a five-m nute 05:51

br eak. 05:51
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MR. CHANDLER: All right. 05: 51

(Recess.) 05: 55

(Of record: 5:51 p.m) 05: 55

(On record: 5:55 p.m) 05: 55

MS. ZHONG. Thank you very nuch, 05: 55

Dr. Wl fe. 05: 55
| pass the witness. 05: 55

MR. CHANDLER: Let's go off the record. 05: 55

Let ne review ny notes to see what questions | may 05: 55
have. 05: 55
(Recess.) 05: 59

(O f record: 5:59 p.m) 05: 59

(On record: 6:13 p.m) 05: 59

EXAM NATI ON

BY MR. CHANDLER: 06: 12
Q Dr. Wilfe, I'd like to follow up on 06: 12
guestions that counsel for Netlist asked you. 06: 13
Starting with Exhibit 1037, the Ellsberry 06: 13
reference. Could you pull up Exhibit 1037 and | et 06: 13
me know when you have it in front of you? 06: 13
A. Okay. | have it. 06: 13

Q Wth reference to paragraph 31, as well as 06: 13
Figure 2 and Figure 4, | want to ask sone foll ow up 06: 13
guestions to the questions you were asked. 06: 13
Do you have that paragraph and those 06: 13
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figures in front of you? 06: 13
A Yes. 06: 13

Q Does Ell sberry di scl ose an enbodi nent 06: 13
where for a wite operation, the switch ASIC routes 06: 13
the data only through one port such as port B and 06: 14
not through the other port such as port A? 06: 14
MS. ZHONG. Objection. Form Leading. 06: 14

THE WTNESS: It does. You can see it in 06: 14

paragraph 31. You can see it in Figure 8. And then 06: 14
| believe it's also clained in Claim1. 06: 14
BY MR. CHANDLER: 06: 14
Q In your opinion, does Ellsberry in all of 06: 14

its enbodi nents al ways send wite data through both 06: 14
port A and port B? 06: 15
A. No. If you look at Figure 8, you can see 06: 15

that on a wite, it enables -- it sends the data 06: 15
t hrough port A on the first cycle and then through 06: 15
port B on the second cycle. And | think that that's 06: 15
suggesting that it's only that port during those 06: 15
cycl es. 06: 15
It also tal ks in paragraph 31 about 06: 15

di sabling one of the ports so that it's witten to 06: 15
the correct nenory bank. 06: 15
And then in Claim1 it specifically says 06: 15

that it directs the data information to one of a 06: 15
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plurality of physical nenory banks. 06: 15
Q Now, you were asked sone questions about 06: 15
paragraph 33. |Is there an enbodinment in 06: 15
paragraph 33 where wite data is sent to both 06: 16
ports A and B? 06: 16
A Yes. It's the -- the -- let's see if | 06: 16
remenber what it's called. It's -- it's the 06: 16
col um-based enbodi nent . 06: 16
Q Okay. And is the colunmn-based enbodi nent 06: 16

of Ellsberry where data is sent through both ports A 06: 16
and B, is that the only enbodinent in Ellsberry or 06: 16
is there a different enbodi nent where wite data is 06: 16
sent through only one port and the other port is 06: 16
di sabl ed? 06: 16
A Yeah, there's another enbodi ment -- 06: 16

MS5. ZHONG  Qbj ecti on. 06: 16

THE WTNESS: |'m sorry. 06: 16

MS. ZHONG. (Objection. Form Leading. 06: 17

THE W TNESS: There's anot her enbodi nent 06: 17

that we tal ked about before that's described at the 06: 17
end of paragraph 33 that says, "Wen row bank node 06: 17
addressing is used, read and wite commnds are sent 06: 17
only to the targeted nenory device. A no-op 06: 17
operation conmand is sent to the non-targeted nmenory 06: 17
device. " 06: 17
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If you |l ook at that particular node in 06: 17

Figure 8, you can see that the data as well is only 06: 17
sent to a particular port. 06: 17
BY MR. CHANDLER: 06: 17
Q Is the row bank node used for both wite 06: 17
operations and read operations in Ellsberry? 06: 17
A Yes. 06: 17

Q When using the row bank node in Ellsberry 06: 17

for a wite operation, does Ellsberry disclose an 06: 17
enbodi ment where one port is enabled to transfer the 06: 17
data to the nenory devices but the other port is 06: 18
di sabl ed and does not transfer the data to the 06: 18
menory devi ces? 06: 18
MS5. ZHONG.  Objection. Form Leading. 06: 18

THE W TNESS: Yes, it's ny understandi ng 06: 18

that it does. 06: 18
BY MR. CHANDLER: 06: 18
Q Coul d you | ook at paragraph 12 and 06: 18
Figure 4? | want to follow up on some questions you 06: 18
were asked about presenting a single load to the 06: 18
bus. 06: 18
Just let me know when you have that 06: 18

paragraph and Figure 4 in front of you. 06: 18
A Okay. 06: 19

Q Does Figure 4 as drawn present exactly a 06: 19
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single load to the bus going to the nmenory 06: 19
controller on the host computer? 06: 19
A. Well, as | said before, I think a person 06: 19

of ordinary skill in the context of the patent would 06: 19
understand that it does because they woul d 06: 19
understand that the load is fromthe pin. 06: 19
And pins on a chip always have a pin 06: 19

driver circuit. One would presunme that there is one 06: 19
here. And it would be that pin driver circuit at 06: 19
230 that actually provides the load. And that would 06: 19
be a -- in this case because it's bidirectional -- a 06: 19
transceiver. It would be a circuit that could do 06: 19
both tri-state driving and al so i nput buffering. 06: 19
Q Does Figure 4 of Ellsberry expressly draw 06: 19

the pin driver circuit that you just described that 06: 19
woul d present only a single |oad on bus 230 to the 06: 20
host conputer? 06: 20
MS. ZHONG. (Objection. Form Leading. 06: 20

THE WTNESS: No. It -- it shows the 06: 20

pins, but it doesn't expressly show the pin driver. 06: 20
It doesn't expressly show pin drivers for any of the 06: 20
pi ns, but one would expect themto be there. 06: 20
BY MR. CHANDLER: 06: 20
Q If there was no pin driver in Figure 4, 06: 20

and instead bidirectional drivers 402 and 404 were 06: 20
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connected directly to bus 230 to the nenory 06: 20
controller on the host conmputer, would that present 06: 20
precisely a single load to the host conputer? 06: 20
MS. ZHONG. Objection. Form Leading. 06: 21

THE WTNESS: No. As | nentioned before 06: 21

in my testinony, there would be sonme additional |oad 06: 21
from having those two devices directly connected 06: 21
t here. 06: 21
BY MR. CHANDLER: 06: 21
Q So if a person of ordinary skill in the 06: 21

art wanted to inplenent Figure 4 of Ellsberry and 06: 21
present precisely a single load on bus 230 to the 06: 21
menmory controller on the host conputer, would they 06: 21
need to include the pin driver circuit that you 06: 21
mentioned in addition to the other circuitry 06: 21
expressly shown in Figure 47 06: 21
M5. ZHONG. Objection. Form Leading. 06: 22

THE W TNESS: Yes, they would, if you 06: 22

wanted to have exactly one load -- and this is 06: 22
commonly done -- you would have a pin driver 06: 22
circuit. 06: 22
Again, since this is bidirectional, we 06: 22

would typically call it a pin driver. But to be 06: 22
specific, it would include both a pin driver and an 06: 22
i nput buffer. 06: 22

Page 220

Veritext Lega Solutions
866 299-5127

Netlist EX2003-replacement
Samsung v Netlist
IPR2023-00455



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

BY MR. CHANDLER: 06: 22
Q How woul d that pin driver conpare to 06: 22
whatever circuitry would be on the nenory device at 06: 22
its input/output pins? 06: 22
MS. ZHONG. Objection. Form 06: 23

THE W TNESS: To ny know edge, all nmenory 06: 23

devices use a pin driver, so it would be essentially 06: 23
i denti cal . 06: 23
BY MR. CHANDLER: 06: 23
Q And what would be the benefit of having a 06: 23

pin driver in Figure 4 of Ellsberry on the bus 230 06: 23
connecting to the menory controller, that would be, 06: 23
in your words, essentially identical to the pin 06: 23
driver that would exist on the nmenory device itself? 06: 23
MS5. ZHONG.  Objection. Form Leading. 06: 23

THE WTNESS: By this point in tine, 06: 23

menory controllers are very highly tuned in their 06: 23
signaling. So they expect a particular |oading at 06: 23
the other end of the wire. And the advantage would 06: 23
be that it would be consistent with connecting 06: 24
menmory chips directly to the nenory controller in 06: 24
the way that one would do if they didn't have rank 06: 24
multiplication. So it would be nmuch nmore likely to 06: 24
be conpati bl e. 06: 24
MR. CHANDLER: Thank you, Dr. Wl fe. 06: 24
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Pass the w tness. 06: 24
FURTHER EXAM NATI ON

BY Ms. ZHONG 06: 24
Q Dr. Wlfe, did you speak with your counsel 06: 24
during break? 06: 24
A. Yes. 06: 24

Q Did the discussion have anything to do 06: 25

with the redirect that we just had? 06: 25
MR. CHANDLER: Objection. Privileged. 06: 25

Instruct the witness not to answer. 06: 25

THE WTNESS: |'mgoing to conmply with ny 06: 25

counsel's instructions. 06: 25
BY MS. ZHONG 06: 25
Q Did you rely on any of the discussion with 06: 25
counsel in your response in the redirect? 06: 25
A No. 06: 25

Q Did you have an understanding as to the 06: 25

ki nd of questions you would be asked during the 06: 25
redirect? 06: 25
MR. CHANDLER: Onbjection. Privileged. 06: 25

Instruct the witness not to answer. 06: 25

MS. ZHONG. Well, |'m asking what his 06: 25

under standi ng i s. 06: 25
Q So, Dr. Wl fe, did you have an 06: 25
under standi ng as to what kind of questions you woul d 06: 25
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be asked during redirect? 06: 25
MR. CHANDLER: Onhjection. Privileged. 06: 26

Instruct the witness not to answer. 06: 26

THE WTNESS: |'mgoing to conmply with the 06: 26
instruction not to answer. 06: 26
BY Ms. ZHONG 06: 26
Q Dr. WIfe, you are not answering because 06: 26

you had an inkling of what questions would be asked, 06: 26
correct? 06: 26
MR. CHANDLER: Objection. Privileged. 06: 26

Instruct the witness not to answer. 06: 26

THE W TNESS: |'m not answering because | 06: 26

was instructed not to answer. 06: 26
M5. ZHONG. We will nove and ask the Court 06: 26

to have you be reproduced to answer the questions. 06: 26
"Il make it clear on the record. 06: 26
Q Dr. Wl fe, how nuch additional |oad woul d 06: 26

the driver -- let's go back to Figure 4 of 06: 26
Exhi bit 1037. 06: 26
A Yes. 06: 26

Q You stated, without the pin driver a 06: 27
person of ordinary skill in the art would still 06: 27
consider the load at 230 as a single |oad, correct? 06: 27
MR. CHANDLER: Objection. Form 06: 27

THE WTNESS: | think what | already said 06: 27
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is that there would normally be a pin driver. |If 06: 27
t here was not one, then you could have a higher |oad 06: 27
based on the connection to nmultiple circuits. 06: 27
BY Ms. ZHONG 06: 27
Q And nmy understanding is that you said 06: 27
there would be the two -- by conbining 234 and 236 06: 27
into 230, there would exactly be one |oad plus sone 06: 27
| oads for 402 and 404; is that correct? 06: 27
MR. CHANDLER: Objection. Form 06: 27

THE W TNESS: No. If | said that, | was 06: 27

not being precise. By conbining them what you're 06: 27
doing is having them share the sane pin driver. And 06: 28
if you have them share the sanme pin driver, then 06: 28
there would be one load. |[|f sonmehow you designed it 06: 28
without a pin driver, then -- then there would be 06: 28
nore than one | oad. 06: 28
BY Ms. ZHONG 06: 28
Q How many | oads? 06: 28

A. It depends on the details of the circuit, 06: 28

but nom nally somewhere around two. 06: 28
Q And a port is the exit -- is at the exit 06: 28

of ASIC, correct? 06: 28
A | didn't get the last couple words. |I'm 06: 28
sorry. 06: 28
Q A port is at the exit of the ASIC, is that 06: 28
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correct? 06: 28
A. It's at the interface. It could be an 06: 28
exit. It could be an entrance. |t could be both. 06: 29
It's -- it's at -- the port is -- is at the pin. 06: 29
It's the interface between the ASIC and the outside 06: 29
wor | d. 06: 29
Q Okay. And | think you anal ogi zed a port 06: 29
as a bowm to the ASIC, is that correct? 06: 29
A | don't know if | analogized it, but I did 06: 29
say that that was the historical derivation of the 06: 29
word from nmy under st andi ng. 06: 29
Q So when you disable a port, you can 06: 29
basically just shut that door as the interface; is 06: 29
t hat correct? 06: 29
A In a very general sense. |In this case, it 06: 29
woul d be more like turning off the drivers at the 06: 29
pi n. 06: 29
Q Are you referring -- when you say "the 06: 30
drivers,"” you are not referring to the drivers 402 06: 30
and 404, are you? 06: 30
A. No. Usually they would be pin drivers. 06: 30
Q Okay. So you are referring to the pin 06: 30
drivers at port A and B? 06: 30
A Yeah, that would be the nornmal way to do 06: 30
it. 06: 30
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Q Okay. So when port A is disabled, that 06: 30

just means the pin driver connected to the port A 06: 30
pad is disabled; is that right? 06: 30
A Yes, that's generally the case. If we're 06: 30
tal ki ng about the output functions of port A then 06: 30
t hat woul d be what we would be tal kinng about. 06: 30
Q And when you have a wite operation, even 06: 30

if data is only sent to the nmenory rank connected to 06: 30
port A, can the data path on port B still be open? 06: 31
MR. CHANDLER: Objection. Form 06: 31

THE WTNESS: |'m not sure what you mean 06: 31

by "open." 06: 31
BY MS. ZHONG 06: 31
Q You said 404 coul d be disabled, correct? 06: 31

404 - - 06: 31
A There is an enbodi ment in Perego where in 06: 31

a wite operation port A is enabled and port B is 06: 31
di sabled on the first cycle. And then on the 06: 31
subsequent cycle, port B is enabled and port Ais 06: 31
di sabl ed. 06: 32
Q Okay. And port A is enabled neans the pin 06: 32
driver is enabled, and the port B is disabled neans 06: 32
the pin driver for port B is disabled; is that 06: 32
right? 06: 32
A In that particular situation, it's 06: 32
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correct. 06: 32
Q Okay. But the path between 230 and 234 06: 32

can still be open as well as a path between 230 and 06: 32
236, correct? Just that the -- 06: 32
MR. CHANDLER: Obj ect. 06: 32

BY MR, TEZYAN: 06: 32
Q -- to the menory bank, that one can be 06: 32

shut down -- shut, correct? 06: 32
MR. CHANDLER: Objection. Form 06: 32

THE WTNESS: | don't think it would make 06: 33

sense to do that because -- well, in part, if -- 06: 33
if -- well, you're definitely driving the signal out 06: 33
to port 234. 06: 33
It could be latched in the flip-flop in 06: 33

404, but it's not being sent out of port B. In 06: 33
other words, it's not -- it's not going to be 06: 33
| eaving the chip on a second port. So it's -- it's 06: 33
irrelevant. 06: 33
BY Ms. ZHONG 06: 33
Q And it could be -- 06: 33

A. | don't think you would enable the entire 06: 33

path because 236 includes the external of the chip. 06: 33
But you could have a portion of the path that was 06: 33
oper abl e. 06: 33
Q Okay. So can | enable up to the exit of 06: 33
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the ASIC on 236 and just basically turn off the pin 06: 33
driver at the point of exit? 06: 33
MR. CHANDLER: Objection. Form 06: 33

THE W TNESS: | don't see that discl osed, 06: 34

but you could. As long as you don't drive it off 06: 34
the chip, nothing outside the chip -- or actually 06: 34
not hi ng woul d ever know what you were doi ng on that 06: 34
particular wire because it would be disabled and 06: 34
it's not connected to anything. 06: 34
BY Ms. ZHONG 06: 34
Q Okay. So -- so long as that wire 236 06: 34
reaches the chip anywhere before that if | turned it 06: 34
off, then that would conply with the description of 06: 34
data is only sent to port A but not to port B? 06: 34
MR. CHANDLER: Objection. Form 06: 34

THE W TNESS: So 236 isn't a single wire. 06: 34

It's -- it's a bus. And it -- it's going to involve 06: 34
sonme wires going to the port pins and then sone 06: 34
wires extending fromthe port pins off to the 06: 34
menory. And if the port pins are disabled, as |ong 06: 34
as you don't send anything from-- off the chip. As 06: 35
Il ong as you don't send anything to the nenories, it 06: 35
doesn't matter what you would do on the disconnected 06: 35
wires internally. But again, | don't see any 06: 35
di scl osure that you do drive anything there. 06: 35
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BY Ms. ZHONG 06: 35
Q Ckay. So you can -- Ellsberry does not -- 06: 35

is kind of being different as to where the 06: 35
di sabl enment occurs. For exanple, it can occur 06: 35
outside of the ASIC on bus 236 so long as it's 06: 35
before it reaches the nenory bank; is that right? 06: 35
MR. CHANDLER: Objection. Form 06: 35

THE W TNESS: No. Ellsberry is specific. 06: 35

It happens at the port. It happens at the point 06: 35
that signals are able to | eave the chip. So that is 06: 35
what is disabl ed. 06: 36
BY MS. ZHONG 06: 36
Q Okay. So if -- so if it is disabled at 06: 36

the exit, which is the interface, that's what 06: 36
El | sberry is teaching? 06: 36
MR. CHANDLER: Objection. Form 06: 36

THE WTNESS: In the enbodi nment in which 06: 36

ports A and ports B are sequentially disabled, they 06: 36
are disabled at the port, at the interface to the 06: 36
chip, to the ASIC chip, so that signals do not enter 06: 36
or leave the chip on that port. 06: 36
BY Ms. ZHONG 06: 36
Q Okay. So it's at the interface of the 06: 36
chip? 1t's not internal to the chip? 06: 36
MR. CHANDLER: Objection. Form 06: 36
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THE W TNESS: The teaching is that it's 06: 36

di sabled at the interface. There's no specific 06: 36
teaching as -- as to what happens on wires that go 06: 36
to the interface. 06: 36
BY Ms. ZHONG 06: 36
Q Okay. So all Ellsberry said when he 06: 37

di sabl ed the port, a person of ordinary skill in the 06: 37
art woul d understand that neans disabling the bus at 06: 37
the point of the interface? 06: 37
MR. CHANDLER: Objection. Form 06: 37

THE W TNESS: Yes, in such a way that 06: 37

those signals are not provided anywhere where the 06: 37
port is disabled. 06: 37
BY MS. ZHONG 06: 37
Q Okay. So the disabl ement occurs at the 06: 37
ASIC interface, correct? 06: 37
MR. CHANDLER: Objection. Form 06: 37

THE W TNESS: That is the teaching, yes. 06: 37

It may occur in other places as well for engineering 06: 37
reasons. 06: 37
BY Ms. ZHONG 06: 37
Q But what's expressly disclosed in 06: 37

El |l sberry is the disabl enment occurs at the interface 06: 37
of the ASIC chip? 06: 37
MR. CHANDLER: Object to form 06: 38
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THE W TNESS: Yes, in such a way that
those signals are not provided to any other device
or any other circuit.

MS. ZHONG. Okay. | don't have any
further questions other than the questions that you
refused to answer.

And this concludes today's deposition.

MR. CHANDLER: And we'd like a copy of the
transcript to be able to review, nmake corrections,
i f appropriate, by Friday.

(At the time of 6:38 p.m the deposition

was concl uded.)

06:

06:

06:

06:

06:

06:

06:

06:

06:

06:
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DECLARATI ON

| hereby declare | amthe deponent in the within
matter; that | have read the foregoing transcript and
know t he contents thereof; and | declare that the sane
Is true of ny knowl edge except as to the matters which
are therein stated upon ny information or belief, and
as to those matters, | believe themto be true.

| declare under the penalties of perjury
under the laws of the United States that the

foregoing is true and correct.

This declaration is executed this day
of , 20__ | at
CITY STATE

ANDREW WOLFE, PH. D.
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CERTI FI CATE

|, the undersigned, a Certified Shorthand
Reporter for the State of California, do hereby
certify:
That the foregoi ng proceedi ngs were taken before
me at the tinme and place herein set forth; that a
verbatimrecord of the proceedi ngs was made by nme using
machi ne short hand, which was thereafter transcribed
under nmy direction; further, that the foregoing is an
accurate transcription thereof.
| further certify that | amneither financially
interested in the action nor a relative or enployee of
any attorney of any of the parties.
IN WTNESS THEREOF, | have this date
subscri bed ny nane this 6th day of January, 2023.

ASHALA TYLOR, CLR, RPR, CRR, CSR #2436
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I, ANDREW WOLFE, have read the transcript of my deposition taken on

January 4, 2023. Listed below are changes to the transcript that | wish to make and

the reasons for making them:

of JEDEC compliant
memory modules at
the time? 5647

o Reason for
Page:Line Now Reads Should Read Chanae
1:16, 2:16 | Videotaped Deposition | don’t think the

deposition deposition was
videotaped.
16:1 check select signals | chip select signals Typographical
error
16:3-:5 | There are other There are other Typographical
documents, the ones | documents, that one’s | error
intended to review intended to review
together with this, together with this,
that describe how that describe how
these signals are used | these signals are used
in more detail. in more detail.
34:6—-:7 | that was not relevant | that was not relevant | Typographical
to my analysis in. to my analysis. error
41:18 small outlying small outline DIMMs | Typographical
DIMMs error
42:10-:13 |Butlcangotoa Butlcangotoa Typographical
number of different | number of different | error
memory model memory module
manufacturers and manufacturers and
get Rambus get Rambus
compliant memory compliant memory
modules in the 2000 | modules in the 2000
to 2005 time period. | to 2005 time period.
44:5-:6 | What's the bit width | What's the bit width | Typographical

of JEDEC compliant
memory modules at
the time? x64?

error
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Reason for

Page:Line Now Reads Should Read Chanae

48:9—:15. | And as memory [see note] No change, but for
densities increased, clarity, “the earlier
we began to get chips kind of a memory
with 4 and 8 banks on bank” refers to the
them. So because discussion at
there was a desire to 46:20-47:7.
distinguish the
vocabulary for that
kind of a memory
bank from the earlier
kind of a memory
bank, memory
providers started to
use the word "rank"
to describe the one or
more chips on a
module that would
simultaneously
respond to a
command.

59:3-:4 | I think it’s simply [see note] No change, but this
another description of was clarified at
the same concept. 59:6-:20.
64:2—:3 | band address signals, | bank address signals, | Typographical

chip select signals, chip select signals, errors

CAS bar, RAS bar,
and right enable bar

CAS bar, RAS bar,
and write enable bar
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Reason for

Page:Line Now Reads Should Read Chanae
67:5-:8 | Q. Okay. So, for [see note] No change, but for
example, it does not clarity, | was not
have the CS signal, answering the
the CAS, RAS -- let's unfinished question
go to page 16 of here, | was just
Exhibit 1032. agreeing to the
A. Uh-huh. request to look at
page 16, and my
answer to the
question was
provided at 67:13-
:18.
71:9-:11 | it would be ordinarily | it would be ordinary | Typographical
for that DIMM to be | for that DIMM to be | error
provided with a bank | provided with a bank
address signal address signal
73:24-74:1 | It would be ordinary | It would be ordinary | Typographical
to send those to an to send those from an | errors
ordinary personal ordinary personal
computer in DDR or | computer to DDR or
DDR2 module at that | DDR2 modules at
time. that time.
80:10-:11 | may be select via may be selected via | Typographical
address bits address bits error
80:23-:24 | MR. CHANDLER: MS. ZHONG: Court | Typographical
Court Reporter, | said | Reporter, | said error
address bits, B-I1-T-S | address bits, B-I-T-S
87:22 four device slide four device wide Typographical
ranks ranks error
105:24 | costs to that memory | costs of that memory | Typographical
error
108:10 |InTable 1, follows 2, | In Table 1, columns | Typographical
3, 4, and 5 have the 2, 3,4, and 5 have the | error

headings CSO, CS1,
An+1 and Control.

headings CSO, CS1,
An+1 and Control.
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i Reason for
Page:Line Now Reads Should Read Chanae
116:22 | where are the where are the address | Typographical
advance signals sent | signals sent error
117:7 It’s simply register. It’s simply a register. | Typographical
error
118:2—:6 | But sequential logic | But sequential logic | Typographical
implements what we | implements what we | error
call state machines, call state machines,
which are time- which are time-
variant logic variant logic
functions that can functions that can
perform different perform different
logic equations at logic equations at
different points in different points in
time based on the time based on the
storage of what we storage of what we
call state partial call state register
results. values.
123:7 single D rank or a single DRAM or a Typographical
rank of D rank rank of DRAM error
136:22—:23 | rent multiplication rank multiplication Typographical
error
137:24— | the four CAS signals | [see note] No change, but this
138:1 coming out of was later clarified
element 640 would at 140:4-141:7.
represent select
signals for each of the
four ranks
5
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Page:Line

Now Reads

Should Read

Reason for

Change
139:16-:21 | Q. It is either a row Q. Itis either a row Typographical
or a column address | or a column address | errors
it? bit?
Is that correct, Dr. Is that correct, Dr.
Wolfe? Wolfe?
A. Yes, or depending | A. Yes, or depending
on the particular on the particular
DRAM generation. It | DRAM generation, it
could be both. could be both.
Q. Soitisarow, Q. Soitisarow,
column, or both a column, or both a
row and column row and column
address it? address bit?
140:18-:19 | which of the four which of the four Typographical
ranks, 620, 625, 630 | ranks, 620, 625, 630 | error
and 635, as active and 635, is active
148:12 | Or desktop personal | On desktop personal | Typographical
computers computers error
149:25 | They would generally | They would generally | Typographical
use a 72. use X72. error
160:7-:8 | paragraph 28 states paragraph 28 states Typographical
that its memory bank | that it’s memory bank | error
206 and 208 206 and 208
161:8-:9 | those would be what | those would be what | Typographical
we would today call | we would today call | error
banks ranks
161:19 | activated operation activate operation Typographical
error
166:17 | DRAM boot DRAM group Typographical
error
6
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170:23-:25

Yes, my
understanding that

Yes, my
understanding is that

memory bank in
paragraph 41 is
referring to what we
would typically call a
rank today.

memory bank in
paragraph 41 is
referring to what we
would typically call a
rank today.

Typographical
error

173:9-:10

Perego discloses both
point-to-point end
buses

Perego discloses both
point-to-point and
buses

Typographical
error

174:11

multiple paths

multiple pads

Typographical
error

179:6—
180:10

Q. So in Figure 4 of
Ellsberry, at the -- at
the point of where
DQ (7:0) and DQS is,
there's only a single
load; is that right?

A. That's what
Ellsberry tells us.

| think what he's
doing is he's
recognizing that the
vast majority of the
load comes from the
physical presence of
pins and not from
internal circuits. And
what he's done is now
he no longer has two
sets of pins on those
wires but only one set
of pins from the
switch chip in Figure
4,

[see note]

No change, but this
was later clarified
at 218:18-221:24,
223:21-224:20.
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180:17-:18 | only one of the bands | only one of the ranks | Typographical
IS activated IS activated error
193:25 | depends on the depends on the Typographical
considerable bit configurable bit error
width width
195:10-:17 | And the memory [see note] No change, but this
access bit width, WA, was clarified at
that is the number of 195:19-196:7.
bits the memory
module would output
in response, for
example, to a single
read command from
the computer system;
Is that right?
MR. CHANDLER:
Objection. Form.
THE WITNESS:
Yes, but Perego calls
it the memory device
access width.
196:10 | would score would store Typographical
error
205:16-:17 | for a read operation | for a read operation | Typographical
all the devices in a all the devices in a error
rank are deselected rank are selected
207:1 not use a 15 not use A15 Typographical
error
225:7-:8 | you analogized a port | you analogized a port | Typographical
as a bowl as a door error
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Page:Line Now Reads Should Read Chanae
226:16—:18 | There is an There is an Misspoke

embodiment in
Perego where in a
write operation port
A is enabled and port
B is disabled

embodiment in
Ellsberry where in a
write operation port
A is enabled and port
B is disabled

| hereby certify that the transcript of my deposition on January 4, 2023, as

corrected above, is a true and accurate transcription of my testimony.

I, Andrew Wolfe, do hereby declare and state, that all statements made
herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by

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

-

Executed on: August 9, 2023
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Federal Rules of Civil Procedure

Rule 30

(e) Review By the Witness; Changes.

(1) Review; Statement of Changes. On request by the
deponent or a party before the deposition is
completed, the deponent must be allowed 30 days
after being notified by the officer that the
transcript or recording is available in which:

(A) to review the transcript or recording; and

(B) 1if there are changes in form or substance, to
sign a statement listing the changes and the
reasons for making them.

(2) Changes Indicated in the Officer's Certificate.
The officer must note in the certificate prescribed
by Rule 30(f) (1) whether a review was requested
and, i1if so, must attach any changes the deponent

makes during the 30-day period.

DISCLAIMER: THE FOREGOING FEDERAL PROCEDURE RULES
ARE PROVIDED FOR INFORMATIONAL PURPOSES ONLY.

THE ABOVE RULES ARE CURRENT AS OF APRIL 1,

2019. PLEASE REFER TO THE APPLICABLE FEDERAL RULES

OF CIVIL PROCEDURE FOR UP-TO-DATE INFORMATION.
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VERITEXT LEGAL SOLUTIONS
COMPANY CERTIFICATE AND DISCLOSURE STATEMENT

Veritext Legal Solutions represents that the
foregoing transcript is a true, correct and complete
transcript of the colloquies, questions and answers
as submitted by the court reporter. Veritext Legal
Solutions further represents that the attached
exhibits, if any, are true, correct and complete
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