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Tuesday, June 27, 2023; 9:00 a.m
ANDREW WOLFE,
the wi tness herein, was sworn and

testified as foll ows:

EXAM NATI ON

BY Ms. ZHONG 08:
Q Good norning, Dr. Wl fe. Can you pl ease 08:
state your name for the record. 08:
A. Andrew Wl f e. 08:

Q Ckay. Dr. Wlfe, you submtted two 08:
decl arations, one for patent nunber ending with '060 08:
and the other for patent nunber ending with '160; is 08:
that correct? 08:
A Correct. 08:

Q Do you have all the exhibits that's already 08:

in the record with you, at |east electronically? 08:
A No. | have printed a small subset of the 08:
exhibits and | have access to your Exhibit Share, 08:
whi ch al so has a subset of exhibits. 08:
Q Okay. Do you have Exhibit 1016, which is US 08:
publication 2011/0026293 Ri ho, with you? 08:
A Yes. 08:
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Q Okay. Can you please pull up that exhibit. 08:
A. | don't seemto have the ability to downl oad 08:
t he exhibits. 08:
Q What about from the Exhibit Share? It 08:
shoul d be -- 08:
A Oh, yes, | do. | just have to use a 08:
different set of clicks than | was. Ckay. 08:
Q Let ne know when you have the exhibit. 08:
A | do. 08:
Q Okay. 08:
A No, actually -- 08:

Q Do you have --
A. Sorry. G ve ne the exhibit nunber again. 08:
Q 1016. Exhibit 1016. 09:
A. Ckay. Sorry. | downl oaded the wong R ho. 09
G ve nme one second. 09:
Q Ckay. 09:
A. Okay. 09:
Q Do you have it? 09:
A Yes. 09:
Q Okay. You have reviewed this application 09:
before; correct? 09:
A Yes. 09:
Q And you are pretty famliar with the content 09:
of this particular reference; correct? 09:
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Yes. 09:

Q. Can you please turn to Figure 4 and 5 of 09:

Ri ho. 09:
A Okay. 09:

Q. In Riho, as shown in Figure 4, there are 09:

16 stacked SDRAMs; is that correct? 09:
A In this particular exanmple in Figure 4, 09:
there are 16 stacked SDRAM di es and what Ri ho calls, 09:
| believe, a master die nodel. 09:
Q Okay. And there are nmultiple TSVs going -- 09:
each one of them going through 16 of the dies; is 09:
t hat correct? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: Ri ho teaches that there are 09:

more than 300 and gives us sone -- a breakdown, but 09:
| think -- | believe four of themare illustrated in 09:
Fi gure 4. 09:
BY Ms. ZHONG 09:
Q Okay. And each of the TSVs goes through 09:
each of the SDRAMs; correct? 09:
MR. CHANDLER: Object to form 09:

THE W TNESS: Each physically penetrates 09:

t hrough each of the chips, but they are only 09:
el ectrically connected to, depending on the 09:
enbodi nent, one or two of the chips. 09:
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BY Ms. ZHONG:

Q. Okay. So let's take a ook at Figure 5 to 09:
see the electrical connection of one of the TSVs to 09:
each of the array dies. 09:
So in Figure 5 it shows a connection with 09:
TSV 715 to each of the array dies -- SDRAM dies; is 09:
t hat correct? 09:
A No. No. What it is showing is that -- 09:

Q. Okay.
A -- in a certain enbodi nent, TSV 715 is 09:
el ectrically connected to the D15 die and it's 09:
electrically connected to the D17 die -- I'msorry, 09:
the D7 die, but it is disconnected fromthe 09:
remai ni ng SDRAM di e. 09:
Q Ckay. So in the circuity in each of the 09:
SDRAMs, the chip internal circuit in each of the 09:
SDRAMs are identical; is that correct? 09:
MR. CHANDLER: Objection. Form 09:
BY Ms. ZHONG 09:
Q Take a | ook at paragraph 76 of Ri ho. 09:
A. No. That 76 says they have the sane 09:
equi valent circuit. That equivalent circuit is 09:
tal king about what's in the small box of D15 in 09:
Figure 5 showing L1, R2 and C2, and it's neant to 09:
represent the AC and DC |l oad that is presented when 09:
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an electrical connection is present. 09:

Q Okay. And in each of the die, there are two 09:
swi tches, sa and sb; is that correct? 09:

A That's exenplary. There are an sa and an sb 09:
for each through silicon via and, as | nentioned, 09:
there are nore than 300 of those. 09:

Q. Okay. And the TSV that is shown in Figure 5 09
is a TSV 715; is that correct? 09

A. Yes. That is the exanple that's illustrated 09
in Figure 5. 09:

Q. Okay. And there is an RIC1l circuit that is 09:
shown as part of TSV 715; is that correct? 09:

A. | don't think "circuit" is the best word. 09:
It is an equivalent to a circuit. 09:

Q Ckay.

A It is a nodel used to illustrate what the 09:
effective resistant capacitive | oad would be of that 009:
portion of the through silicon via. 09:

Q Ckay. So --

A It's not intended to represent the actual 09:
physical circuit. 09:

Q Okay. So each segnment of the TSV in the -- 09:
in one of the SDRAMs is represented by a Cl1R1 09:
circuit? 09:

MR. CHANDLER: Objection. Form 09:
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THE W TNESS: Each portion of the through
silicon via interconnect is nodeled by a C1R1
circuit in Figure 5 to represent --

BY Ms. ZHONG

Q. Okay.

A -- the effective resistance and capacitance

that that physical structure would contribute to the

circuit behavi or.

DEPCSI TI ON REPORTER: Excuse me, M ss Zhong.

Can | please go off the record.

MS. ZHONG  Sure.

(OFf the record.)
BY Ms. ZHONG

Q So, Dr. Wlfe, each of the CLRl equival ent

circuit is shown in Figure 5 Riho as connected to
the switch circuit A, sa and switch circuit B, sb;
is that correct?

MR. CHANDLER: Object to form

THE WTNESS: No, that's incorrect.

DEPOSI TI ON REPORTER: Excuse nme one nonent,
M ss Zhong. Can you adjust your canera down a
little bit. | need to see your nouth when you're
| ooking at the exhibits. It helps between "D' and
"B." Thank you.

A
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BY Ms. ZHONG 09:
Q Wy is it incorrect? 09:

A. Because Rl and Cl don't physically exist. 09

Q. | said the "equivalent circuit” is shown as 09:
connected to the sa and sb circuits. 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: Can | hear the entire question 09

agai n? 09:
BY Ms. ZHONG 09:
Q So in Figure 5 the Cl1Rl equivalent circuit 09:

in each of the portions is shown as connected to 09:
switch circuits A and B; is that correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Again, | don't know what it 09:

means to say that it's connecting when it doesn't 09:
physi cal ly exi st. 09:
That is an illustration that's provided in 09:

Figure 5 that -- that on one side of the switch, 09:
there is an equivalent |load that is nodeled as Rl 09:
and Cl1, and depending on how the switch is set, the 09:
switch can either electrically connect the MOS 09:
driver or not electrically connect the MOS driver. 09:
BY Ms. ZHONG 09:
Q. But there are physical connections between 09:

the circuits and the load of the TSV, is that 09:
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correct? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: | don't know what circuits 09

you're tal king about. 09:
BY Ms. ZHONG 09:
Q. So you said CIRl1 is representing the |oad on 09
each portion of the PSD, is that correct? 09:
A TSV -- yeah, the RICl is representative of 09:

the load that the physical portion of the 09:
t hrough-silicon via 715 would provide if it were 09:
connected to -- electrically to a driver circuit. 09:
Q Ckay. And what is shown here is that the 09

| oad woul d be connected to each of the circuits sa 09:
and sb. So they are physical connections to it, but 009:
those circuits mght be turned off digitally by the 09
control signal; is that correct? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: No. | don't think that's 09:

right. So that's a representation of the |oad that 09:
woul d be provided to a driver. There's really no 09:
| oad that's provided to an off switch so that woul d 09:
no | onger be the appropriate nodel. 09:
BY Ms. ZHONG 09:
Q. So in each of the SDRAMs, there are two 09:
switch circuits, sa and sb; correct? 09:
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MR. CHANDLER: Objection. Form 09:

THE W TNESS: Well, again, | don't want 09:

there to be a m sunderstanding. There are in fact 09:
over 700 switch circuits, but two of them for each 09:
SDRAM are illustrated in Figure 5. 09:
BY Ms. ZHONG 09:
Q. Okay. So for each TSV -- let nme put it this 09:
way. 09:
In each of the SDRAMs, for each TSV, there 09:

are two switch circuits, sa and sb; is that correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: For each TSV and each die in 09:

the stack, there are two swi tches, sa and sb. 09:
BY Ms. ZHONG 09:
Q And does the on and off state of those 09:
swtches -- are controlled by control signals, chip 09:
sel ect signals and the D715 signals from ROML and 09:
ROMR2; is that correct? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It depends on the enbodi nent, 009:

but they are all controlled by sonme type of control 09:
signal . 09:
BY Ms. ZHONG 09:
Q. Okay. So what | just wanted to establish is 09:
that as shown in Figure 5, for each of the portion 09:
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of the TSV in each die, there are two circuits whose
on and off states are determ ne by control signals?

A. It depends what your definition of a circuit
is, but there are definitely two transistor sw tches
that can be turned on or off based on control
signals that cone from ROV,

Q. You seemto be having sone problemwth
my use of the word "circuit.” What is your
under standi ng of the term™"circuit"?

A There are different definitions that are
used in different contexts.

Q Ckay.

A The npst common one that | use in this kind
of a context is that it is sinply an interconnection
of electronic conponents, but there are sone tines
in some context where people use the word "circuit”
to nean sonething that has a conplete electrical
path. And that --

Q Okay.

A -- the comon dictionary definition and
these switches don't meet that definition.

Q Okay. So do you see the word "ClR1
Circuit,” "Chip Internal Circuit,"” "Selection
Control Circuit" in Figure 5?

A. Yes.

Page

09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:
09:

14
15
15
15
15
15
15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
16
16
16

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 15




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Q What's the nmeaning of the circuit here?

A. | think it's the first one that | gave you.
It's sinply a collection of electronic conponents
t hat are interconnect ed.

Q. Okay. So why is the switch -- why doesn't
the -- et me withdraw and ask.

Why doesn't the sa and sb neet that
definition?

A. They do neet that definition. They may not
meet the other definition.

MR. CHANDLER: There is an objection to
form
BY Ms. ZHONG

Q Ckay. So what you are saying is sa and sb
does neet your first definition, but it m ght not
meet your second definition that's used | ess
comonly; is that right?

A. Correct.

Q Ckay. And the sa and sb switch circuits
connect the MOS driver to the load; is that correct?
To the TSV | oad?

MR. CHANDLER: Objection to form
THE W TNESS: When they are turned on, they
connect them \When they are turned off, they do not

connect them
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BY Ms. ZHONG 09:
Q Okay. And when the -- when switch sa and sb 09:

are both turned off, does the TSV experience the 09:
| oad fromthe SDRAM nmenory arrays? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS:  No. 09:

BY Ms. ZHONG 09:
Q Does the driver -- does the driver in the 09:

L1R1C2 equivalent circuit inmpose a |oad on the TSV? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: It's not a normal way we woul d 09:

phrase that discussion. The |oad gets -- 09:

DEPQOSI TI ON REPORTER: Excuse me, Dr. Wl fe.

Can you start your answer again. "The load..." 09:
THE W TNESS: So that would not be the 09:
normal way we woul d phrase that question. The | oad 09:

is presented to the driver, not to the TSV -- 09:

BY Ms. ZHONG:

Q Ckay. 09:
A -- and, therefore, the question of interest 09:
essentially is does the driver on another die 09:
present a |load to another driver that's trying to 09:

drive through the TSV, and the answer here would be 09:
that when the switch is on, connected to a 09:

particular driver, it does add to the |oad; and when 009:
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the switch is off, connected to a particular driver, 009:
it does not add to the | oad. 09:
Q Okay. Can you please pull up Exhibit -- let 09
me see which one it is -- the Ellsberry exhibit. | 09:
believe it is 1026. 09:
A Okay. 09:
Q. Tell me when you have it. 09:
A | do. 09:
Q. Okay. Can you go to Figure 4 of Ellsberry. 09:
A Sure. | haven't | ooked at Ellsberry for 09:
sone tinme, but I will do ny best to answer 09:
questi ons. 09:
Q Ckay. In Ellsberry, do you see that there 09:
are -- there's a flip-flop -- two flip-flops and two 009:
read drivers -- 09:

(Clarification requested by Reporter.)
MS. ZHONG. Let ne just w thdraw and ask. 09:

BY Ms. ZHONG

Q Do you see that in Figure 4 of Ellsberry, 09:
there are two boxes nunbered 402 and 4047 09:
A | see that. 09:
Q Okay. And in each of the boxes, there is a 009:
triangle with the word "Read"” in it. 09:
What is that? 09:
A That is a read driver that is used to 09:
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propagate signals from Port A or Port B to the DQ
port.

Q Okay. And there is also a square with the
word "Wite" init. |Is that a flip-flop?

A It is aflip-flop. One would understand
there to be a driver there as well, either not
illustrated or built into the flip-flop.

Q Okay. So if the -- both the read driver and
the flip-flop, including the drivers, are turned
off, is there a |load presented -- let's just say
like the read driver and the wite drivers in box
402 are both turned off.

MR. CHANDLER: Objection. Form
BY Ms. ZHONG

Q Is there a load fromthe nenory dies that's

connected to that box on path 2347

MR. CHANDLER: Objection. Form

THE W TNESS: What do you nean by turned
of f?
BY Ms. ZHONG

Q Try to save it, for exanple.

DEPOSI TI ON REPORTER: M ss Zhong, can we go
off the record, please.

M5. ZHONG  Yes.

(O f the record.)
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THE WTNESS: So the tri-stating of the read 09

buffer in 402 would have no inpact on the |oad on a 09
driver that was driving Port A because it's on the 09
output and it would be the input of the driver that 09:
is connected to Port A. So that would have no 09:
i npact . 09:
If the wite driver that is driving to 09:

Port A were tri-stated, it already contributes only 09:
alittle bit to the load. The load primarily cones 09:
fromthe transi stor gates which are used in the 09:
i nput direction of the circuits. 09:
But if those were tri-stated -- well, 09:

actually they would have to be tri-stated. They 09:
woul d al ways be tri-stated if soneone el se was 09:
driving Port A so that's the only situation where 09:
we woul d ever neasure the | oad, otherw se, the 09:
flip-flop would be driving Port A and the capacitive 009:
| oad woul d be irrel evant because the two drivers 09:
woul d be fighting each other. 09:
You woul d have to ook at it in sonme very 09:

special cases. It wouldn't be the normal case you 09:
woul d anal yze. 09:
BY Ms. ZHONG 09:
Q Sorry. |I'mnot clear. 09:

So if both drivers in box 402 are disabled, 09:
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how many | oads woul d the nmenory controller on bus 09:
230 experience? Wuld it experience both |oads from 09:
Port A and Port B or only the |oad from Port B? 09:

MR. CHANDLER: Objection. Form 09:

THE W TNESS: How many | oads woul d what 09:
experience? 09:
BY Ms. ZHONG 09:

Q So at 230, bus 230, which is connected to 09:
the menory driver -- nmenory controller. Sorry. 09:

A So the | oad gets anal yzed based on who's 09:
driving it -- 09:

Q Uh- huh.

A. -- but if it were being driven from an 09:
external source, then the |oad, then that can only 09:
happen when the read driver in 402 and the read 09:
driver in 404 are disabled, and then the wite 09:
drivers would each produce essentially one | oad, one 009:
i nput | oad, whether they were disabled or not. 09:
Because this is a different configuration than -- 09:
then in the other system This doesn't use the same 09:
kind of switches. These are unsw tched | oads. 09:

Q So what you are saying is if there is a 09:
switch before the wite driver, then if the driver 09:
is disabled, there would only be a single |oad? 09:

MR. CHANDLER: Objection. Form 09:
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THE WTNESS: |If there is a transm ssion 09

gate switch, like we saw in Ri ho, between the 09
external bus 230 and a driver 402, and that swtch 09
were turned off, that would disconnect the wite 09
flip-flop and renove its load fromthe circuit if 09:
one were to build that. 09:
BY Ms. ZHONG 09:
Q So why is -- so what you are saying that the 09:
difference is whether it's -- the driver is 09:
connected directly to the bus or whether it is 09:
connected to the transm ssion gate that can be 09:
switched on and off, that makes a difference on the 09:
| oad? 09:
A. Again, | find your question a little bit 09:
vague. 09:
But, in general, if a driver's input or 09:

driver -- again, it depends which end you are 09:
| ooking at. But if a driver is connected directly 09:
to a bus, it will provide -- it will increase the 09:
| oad on that bus. |If a driver is disconnected by 09:
having a transm ssion gate swtch between it and the 09:
bus, then it will decouple that |oad fromthe bus 09:
and it will renove it. 09:
Q. But if the driver is connected directly to 09:

the bus without a transm ssion gate, the load is not 009:
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renoved even when the driver is turned off; is that 09:
right? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: That's correct, as | 09:
understand the question. GCenerally, when you talk 09:
about whether or not a driver contributes to the 09:
| oad on a bus, you're assuming that it's turned off 09:
and there are other drivers trying to drive that 09:
bus. 09:
BY Ms. ZHONG 09:
Q. Can you el aborate on that a little bit. 09:

A. | can try. \Wen we're doing a |oad analysis 09

on a bus, ordinarily, that's what we call a 09:
mul tidrop bus, which neans that there is nore than 09:
one driver that is capable of driving that bus, but 09:
in ordinary operation, they take turns. 09:
That can be done either through a technique 09

where drivers use sonething like a tri-state output 09
stage or it can be done through having switches to 09
decoupl e the drivers or it can be done using 09
techni ques |i ke open collector and open drain in 09
which -- where the drivers don't interfere with each 09
ot her. 09
In all those cases, the normal operation is 09

that one driver is driving current onto the bus in 09:
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order to change its voltage. And in order to do 09
that, it needs to overcone the electrical inpedence 09:
of the bus. And primarily in nodern systens, that 09:
means overcom ng the capacitance. It needs to use 09:
current to charge up the capacitance of the bus 09:
before the voltage | evel will change. 09:
Because of that, we try to determ ne the 09:
capacitive | oad on the bus, which is a conbination 09:
of a nunmber of things. But predom nantly the 09:
capaci tance of the physical interconnect, the 09:
capaci tance of any inputs connected to that bus, and 009:
t he capacitance of the output stages of any disabled 09:
drivers that are currently connected to that bus. 09:
And all of those would contribute and the [ower that 09:
total nunber is, the faster the bus can operate. 09:
Q Ckay. You nentioned a word, a "nultidrop 09:
bus." So in Riho, are the TSVs connected to the 09
16 array that -- 16 SDRAM dies in a nultidrop 09
f ashi on? 09
MR. CHANDLER: Objection. Form 09

THE WTNESS: It depends which ones. 09
Certainly, the data TSVs are because they can be 09
driven by the logic LSI chip, and then dependi ng on 09
t he enbodi nent, they can also be driven by one or 09
two of the nmenory die. Actually, | think they can 09
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al ways possibly be driven by two of the nmenory die 09
dependi ng on the switch configuration at the tine. 09:
Some of the control signals may not be 09:

mul tidrop. But we would do a simlar analysis, only 09:
we would only include the input circuits and not 09:
both the input circuits and the output circuits in 09:
the case where it was not a mnultidrop bus. 09:
BY Ms. ZHONG 09:
Q So for -- let's look at TSV 715. Is it 09:
connected to SDRAM D14 in a nultidrop fashion? 09:
MR. CHANDLER: Objection. Form 09:

BY Ms. ZHONG 09:
Q Because the circuits -- the switch circuits 009:

are there, it's just that they are turned off by the 009:
control signals. 09:
A. We are tal king about Figure 5 -- 09:

Q Yes. 09:

A -- of Riho? 09:

Q Yes. 09:

MR. CHANDLER: Objection. Form 09:

THE W TNESS: Figure 5 of Riho, the purpose 09:

of the switch is to disconnect D14's circuity from 09:
TSV 715. It is configured to disconnect it and to 09:
remove the capacitive | oad. 09:
Il 09:
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BY Ms. ZHONG 09:
Q. Okay. But the physical circuities are 09:
there? So the physical connections are there, they 09:
are just turned off digitally by the control 09:
circuit -- control signals? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Well, the interior of the 09:

switch I would not describe as a connection because, 09:
inits operating node as configured, it's designed 09:
to insulate and not to connect. So it's not an 09:
el ectrical connection. It may be a physical 09:
connection, but it's not an electrical connection. 09:
BY Ms. ZHONG 09:
Q But woul d you consider that to be a 09:

mul tidrop connection though? Part of the nultidrop 09:
connection? 09:
MR. CHANDLER: Objection. Form 09

THE W TNESS: No, in the configuration of 09

Figure 5, D14 has been di sconnected from TSV 715. 09
The connected circuits are on the logic LSI chip D15 09
and D7. 09
BY Ms. ZHONG 09
Q So when you say like there is a nultidrop 09
configuration, you are saying that it's only with 09
respect to D15, D7 and LSI chip as far as TSV 715 is 09
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concerned, but do not include any of the other 09:
chi ps? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: That's correct with respect 09

to Figure 5. The other 14 die are disconnected from 09:
TSV 715. 09:
BY Ms. ZHONG 09:
Q And as far as TSV 715 is concerned, what 09:
contributes to the capacitive load the MOS driver in 09
the logic LSI chip experiences? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: So froma perfectly -- a 09:

purely theoretical perspective, everything in the 09:
world contributes. So we always ask the question of 009:
what contributes significantly in a meani ngful way. 09
BY Ms. ZHONG 09:
Q Ckay. 09:

A And in this case, it would be the MOS 09:
drivers in D15 and D7 that connect through a switch 09:
that is on, in addition to the physical capacitance 09:
of the TSV 715 interconnect itself. 09:
Q And why | see in R ho -- 09:

MR. CHANDLER: | didn't hear -- | am going 09:

to object. | didn't hear the beginning of any of 09
t hat . 09:
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BY Ms. ZHONG 09:
Q Okay. So why is it that in Riho only one of 09

the die in each of the rank is -- let nme wthdraw 09:
and ask. 09:
So look at TSV 715. You said that only the 09:

switch circuits for D15 and D7 are enabled and 09:
connected to the respective drivers in those SDRAM 09:
dies; right? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: Yes, in the Figure 5 09:

enbodi nment . 09:
BY Ms. ZHONG 09:
Q Ckay. So why does Riho design it that way? 009:

I n other words, why -- 09:
DEPOSI TI ON REPORTER: Ms. Zhong, |'m having 009:

trouble with your audio. | don't know what 09:
happened. 09:
MR. CHANDLER: It got nuffled. It may have 009:

been your hand on your nouth. 09:
BY Ms. ZHONG 09:
Q Wiy is it that in R ho, Figure 5, the 09:

TSV 715 is not connected to, for exanple, SDRAM D14 09:
or SDRAM D6 in addition to SDRAM D15 and SDRAM D77? 09:
A. Because in operation, the Ri ho systemonly 09:
interacts over TSV 715 with D7 and D15. It uses 09:
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anot her set of vias to interact wwth D6 and D14. It 09:
does that primarily so that it can operate D15 and 09:
D14 sinul taneously. 09:
And since D14 does not conmunicate through 09:

TSV 715, in order to reduce the capacitive |oad and 09:
allow this systemto operate faster, Ri ho expresses 09:
that he wants an extraordinarily high bandw dth at 09:
the time out of this system He has nmade the design 09:
deci sion to not enact D14's driver circuits or D14's 09:
menmory array at all to TSV 715 since that woul d 09:
of fer no benefit and woul d needl essly sl ow down the 09:
circuit and consunme nore power. 09:
Q Ckay. So why can't D15 and D14 connect to 09:
both TSV 715 and offer it sinultaneously? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Because TSV 715 can only carry 09

one bit of data at a tinme, not one from D15 and one 09:
from D14. 09:
BY Ms. ZHONG 09:
Q VWhy can't it do that? 09:

A It's only one wire. In this configuration, 09:

it can only be high or low It can't carry val ues 09
at the same tinme fromtwo different DRAM arrays. 09
Q. Are you saying that there could potentially 09

be data collision if the two nenory dies outputs 09
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different bit val ues? 09:
MR. CHANDLER: Objection. Form 09:

BY Ms. ZHONG 09:
Q. For exanple, one is outputting 1, the other 09:

is outputting 0, then the signal can't be 09:
transmtted correctly, there is going to be 09:
col lision? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Again, that is not the actual 09:
configuration of Ri ho, but that would be one of the 09:
possi bl e problens that could occur if you were to 09:
try to connect D15 and D14 both to the sanme TSV and 09:
allow themto output at the sanme tine. But again -- 009:
BY Ms. ZHONG 09:
Q What ot her problens -- okay. 09:
What ot her problens would there be if you 09:
connected D15 and D14 to the sane TSV and allow them 09:
to out put data sinultaneously? 09:
MR. CHANDLER: Objection. | don't think he 09:

finished his previous answer. 09:
THE W TNESS: | did. 09:

But one of the problems, there could be 09:
speed-rel ated problens. There could be 09:
current-rel ated problenms. There could be damage to 09:
circuits. Again, that's not the way Riho is 09:
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designed. So -- 09:
BY Ms. ZHONG
Q | under st and. 09:
When you say there could be "speed-rel ated 09:
probl ens, " what problens are you referring to in 09:
speci fic? 09:
A Again, that's not the way Ri ho was designed 09:
and it's not a design that makes any sense. So if 09:
one were to do it in practice, one would nake other 09:
changes as well to nake it work. 09:
But Riho treats D14 and D15 as two parts of 09:
t he sane data work. Each one supplies 32 bits. 09:
They are operated at the sane tinme and each of one 09:
requires 32 wires to conmuni cate those 32 bits. 09:
That's its node of operation. 09:
If you were to redesign it, you would have 09:
to make some substantial changes to -- to change the 009:
way that it operates to make sure that it operates 09:
correctly and effectively. You couldn't just only 09:
connect D14 and D15 to the sane set of vias w thout 09:
any ot her changes and expect it to operate 09:
correctly. 09:
Q VWhat if D14 and D15 belonged to two 09:
different ranks, so they don't operate 09:
si nul t aneously but belong, say, for exanple, to the 09:
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sanme logic rank? Can you do that? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: | don't know. That's not -- 09:

BY Ms. ZHONG
Q. Not really -- okay. Not can you do that, 09:
but would a POSI TA do that? 09:
MR. CHANDLER: Objection. Form 09:
DEPOSI TI ON REPORTER: Can you repeat your 09:
guestion, please. 09:
BY Ms. ZHONG 09:
Q. What if D14 and D15 belonged to two 09:
different ranks so they don't operate 09:
si mul t aneously, would a POSI TA make such a 09:
configuration? 09:
A. | don't think they would start with Riho to 09:
do that. Again, there are lots of different kinds 09:
of menory configurations that a POSI TA knows how to 09
do and can nmke work properly. 09
I would have to | ook at a conplete design to 09
under stand what the inpact would be of making that 09
ki nd of a change, but you wouldn't nmake that change 09
wi t hout nmaki ng ot her changes as well. 09
Q What ot her change woul d you make? 09
MR. CHANDLER: Objection. Form 09
| nconpl et e. 09
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THE WTNESS: | don't know. | would have to 09:

think it through. 09:
Again, I'mnot going to try to design a 09:

conpl ete working menory system based on a 09:
hypot hetical sitting here today. But you would nake 09:
sure you had the appropriate control signals and the 09:
appropriate bus switching and you woul d anal yze the 09:
timng and the electrical operation and you woul d 09:
make it work. 09:
BY Ms. ZHONG 09:
Q. Woul d that involve substantial redesign or 09:
just a little bit of work? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: | don't know until | try it. 09:

Again, | wouldn't start from Ri ho and nake that 09:
particul ar change because it really doesn't seemto 09:
be sonething that R ho was contenplating. There are 009:
| ots of other nodifications one can make to Ri ho, 09:
but making D14 and D15 not operate sinultaneously 09:
woul d not be one that | would use Riho as a starting 09:
point for. 09:
BY Ms. ZHONG 09:
Q And you said you would not start with R ho. 009:

s it because in Ri ho, D15, D14, et cetera, belong 09:
to the sane rank and they are intended to operate 09:
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si mul t aneousl y? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: In Riho's preferred 09:

enbodi nent, DO through D7 are part of the same rank 09:
and D8 through D15 are part of a second rank, and 09:
that's the way his preferred enbodi ment worKks. 09:
BY Ms. ZHONG 09:
Q Okay. What's the significance of bel onging 09:

to the same rank? 09:
A " m not sure | understand the question. 09:

Q. You said in R ho's preferred enmbodi nent, 09:

DO through D7 are part of the sanme rank, and D8 09:
t hrough D15 are part of the second rank, and that's 09:
the way his preferred enbodi nent worKks. 09:
So ny question to you is: \What is 09:
significant that D8 -- for exanple, D8 through D15 09:
are part of one rank and DO through D7 bel ongs to 09:
anot her rank? 09:
A. Again, | don't understand the question. | 09:

was answering your previous question about how the 09:
ranks were organized. 09:
Q Okay. So if the dies belong to the sane 09:
rank, what would happen if a read command is sent to 09:
the stack array? Does that nmean all eight of the 09:
dies in the same rank is going to output data 09:
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si mul t aneousl y? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: In the Figure 5 enbodi nent of 09:

Ri ho, if you issue a read operation, all of the DRAM 009:
die in a single rank will send data to the logic LSI 09:
chi p sinmultaneously. 09:
BY Ms. ZHONG 09:
Q Is that how DRAMs are supposed to operate, 09:

all the dies in the rank is supposed to respond to a 009:
read signal and operate output data sinmultaneously? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It depends on the particul ar 09:

desi gn. 09:
BY Ms. ZHONG 09:
Q So there are ranks -- there are enbodi nents 009:

in which the dies in a rank do not respond to a read 009:
operation -- a read command and out put data 09:
si nul t aneousl y? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Conceptually one could build 09:

a DRAM system where either the entirety of a rank 09:
could respond or a portion of a rank could respond 09:
dependi ng on the size of the read request. There 09:
are lots of different ways that one could build a 09:
menory system 09:
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BY Ms. ZHONG 09:
Q Okay. | thought a rank is a collection of 09:
DRAMs that respond to a conmon nenory comrand 09:
si mul taneously. That's not your understandi ng of 09:
what rank is? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: That is ny understandi ng. 09:

But | think in conmon usage, one would still call 09:
sonething a rank if it had that capability but also 09:
had the capability to do a partial read. 09:
BY Ms. ZHONG 09:
Q Where does that definition conme fronf 09:

MR. CHANDLER: Objection. Formas to the 09:

question there. 09:
THE WTNESS: | just think that's common 09:

usage, right? |If a -- if a rank can provide data 09:
si mul t aneously from each DRAM chip, | don't think it 09:
has to in every instance for a person of ordinary 09:
skill to refer to it as a rank. 09:
BY Ms. ZHONG 09:
Q So you think "rank"™ can refer to a set of 09:
famly devices that read or wite |less than a full 09:
bit width of the menory nodule in response to 09:
command si gnhal s? 09:
MR. CHANDLER: Objection. Form 09:
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THE WTNESS: | don't think that's quite 09:

what | said. 09:
BY Ms. ZHONG 09:
Q. Okay. Then can you further explain what you 09:
meant ? 09:
A I think | gave a pretty clear explanation, 09:

but I will try one nore tine. 09:
A rank of menory in the way that we 09:
ordinarily use that termis capable of providing an 09:
output on a read fromevery nenory die or every 09:
menmory el enent in the rank simultaneously, but we 09:
would still in normal usage still call it a rank if 09:
it also had the capability of only providing a 09:
portion of the menory word. 09:
Q So what you are saying is half a rank is 09:
still referred to a rank? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: No. | think |I gave a clear 09:

expl anati on of what | was saying. 09:
BY Ms. ZHONG 09:
Q Okay. Let ne see if | understand it. 09:

So let's say that 8 nmenory dies in a rank to 09:

output 64 bits, which is the bit width of the menory 009:
nodul e, and if now only one of the die is outputting 09:
8 of the bits, you are still saying that the -- that 09:
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single die constitutes the rank; is that right? 09:
A. No. | didn't -- there are no nenory nodul es 09:
really that | can recall in this IPR at all. But 09:
even in that case, that was not what ny testinony 09:
was. 09:
Q. Okay. So let's say 8 dies are outputting 09:

64 bits fromthe nmenory system Ckay? And if for 09:
one of the operation, only 8 bits are output. How 09:
many -- how many dies are there in the rank? Still 09:
8 or only 17 09:
A 8. If the 8 dies normally operate together 09:

and output 64 bits, the fact that there is an 10:
addi ti onal operation in which only one operates does 10:
not nmake the 8s stop being a rank. 10:
Q You said it normally outputs 64 bits, but 10:
what if there are no what you call the normal -- 10:
each operation is of variable length -- 10:
MR. CHANDLER: Obj ecti on. 10:

BY Ms. ZHONG 10:
Q -- then what would be -- what would 10:
constitute a rank? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: | can't recall ever seeing 10:

such a situation, so | don't know what a person of 10:
ordinary skill would call it. | would have to | ook 10:
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at the details. 10:
BY Ms. ZHONG 10:
Q So let's say in the read operation, 10:
sometinmes it's 16 bits, sonetinmes it's 32 bhits, 10:
sonetines it's 64 bits. How many dies would you say 10
woul d make up a rank if each of the die is by 8? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Again, | would have to | ook at 10:

the particulars, the particular situation. You 10:
know, it would really depend on how that particul ar 10:
system was confi gured. 10:
But ordinarily we would refer to the 10:

conpl ete set of die that can operate concurrently, 10:
that can output at the exact sane tine in a single 10:
data word as a rank, whether or not it's possible to 10:
use a portion of the rank. 10:
BY Ms. ZHONG 10:
Q So if two dies belong to the same physi cal 10:
rank, would you connect themwth a single TSV and 10:
have them out put data simultaneously? 10:
MR. CHANDLER: Objection. Form Inconplete 10

hypot heti cal . 10:
THE W TNESS: These are Ri ho's dies? 10:

BY Ms. ZHONG 10:
Q It doesn't have to be. 10:
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A. I"d have to | ook at the specifics. | think 10:
it would generally be difficult to have two die both 10:
out put sinultaneously to the same TSV and have it 10:
operate correctly. 10:
Q. Because of potential data collision? 10:
A There could be a data collision. There 10:
could be an electrical problem | mean, that's just 10:
not the way a wire in a menory circuit normally 10:
operates. In a nmenory circuit, a wire with TSV is 10:
just a specific kind of a wire. |In nornal 10:
operation, it is usually driven by one driver at a 10:
time. 10:
Q Ckay. \When you say "TSVis just a wire," 10:
by "wire" you're not really -- it doesn't really 10:
have the sane neaning as the wire in wire bonding, 10:
does it? 10:
A Vhat | said was that TSV is a kind of a 10:
wire. Awre bond is -- 10:
Q Okay.
A -- a kind of a wre. 10:
Q Okay. \When you say "wire," what do you 10:
mean? Just electrical, a conducting trace or |ike 10:
conduct or ? 10:
A A netallic conductor. 10:
Q. So when you use the word "wire,” you nean 10:
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metallic conductor? 10:
MR. CHANDLER: Objection. Form 10:
THE W TNESS: That woul d be nobst conmmonly. 10:
Agai n, there can be different contexts, but nost 10:
comonly that is what I would nean. 10:
BY Ms. ZHONG 10:
Q. VWhat if the two dies don't belong to the 10:
sane physical rank but belong to a |ogical rank, 10:
can you connect themto the same wire? 10:
A I"m so out of context here that | can't even 10:
answer your question. | don't know what dies we are 10:
tal king about. | don't know what definition you are 10:
using for physical rank and |l ogical rank. [|'d have 10:
to |l ook at an actual block diagramor circuit. 10:
Q Ckay. So by logical rank -- and you are 10:
famliar with the concept of rank nultiplication; 10:
ri ght? 10:
(Clarification requested by Reporter.) 10:

BY Ms. ZHONG:
Q Rank multiplication. 10:
A Yes. Although there are many varieti es. 10:
Q Okay. So in rank multiplication, you are 10:
presenting -- on a high level, you are presenting 10:
two physical ranks of nmenory dies as a single rank 10:
to the menory controller; is that right? 10:
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A Agai n, depending on your context, right. 10:
These patents don't even have a nmenory controller. 10:
But there are sonme situations -- yes, there 10:

are sone situations in rank nultiplication where you 10:
woul d represent to a nenory controller that two 10:
physi cal ranks are actually one | ogical rank. 10:
Q. So does Riho involve the concept of rank 10:

mul tiplication? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Riho is applicable with or 10:

wi t hout rank nultiplication. 10:
BY Ms. ZHONG 10:
Q Ckay. So in the context of Riho or the 10:
reference Kim what does "rank nultiplication" nean 10:
to you? 10:
A. | just want to make sure | understand the 10:
question. You asked nme about Ri ho or Kinf 10:
Q Yes. 10:

A. | think it just has the ordinary neani ng. 10:

Q VWi ch is? 10:

A. That the system uses nore physical nmenory 10:
devices than the nmenory controller is aware of and 10:
conbi nes themin sone way. 10:
Q. Okay. So, basically, it's presenting 10:
mul ti pl e physical ranks as a single |logical rank to 10:
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t he host? 10:
MR. CHANDLER: Obj ecti on. 10:

BY Ms. ZHONG 10:
Q. Is that a fair description? 10:

MR. CHANDLER: Objection. Form 10:

THE W TNESS: Again, in the abstract, it may 10:

be broader than that. W'd have to | ook at how any 10:
particul ar docunment uses the term But in the 10:
abstract, | think it can even be broader than that. 10:
BY Ms. ZHONG 10:
Q. Okay. And so in the context of, for 10:
exanpl e, the nenory systemis presenting two 10:
physi cal ranks as a single logical rank to the host, 10:
can a single TSV be used to connect it to the two 10:
physi cal ranks that belong to the same |ogical rank? 10:
A. I think that depends on the specific 10:
configuration, but neither RRho or Kimattenpt to 10:
do that. 10:
Q But would it be obvious for you to nodify 10:

to do that? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: It would be obvious to use 10:

rank multiplication with either reference, but I 10:
don't know that you would necessarily have to use 10:
that particular techni que, but you coul d. 10:
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BY Ms. ZHONG 10:
Q. How woul d you do rank nultiplication in 10:

Ri ho? 10:
A In the normal way. But, for exanple, you 10:
could have the logic LSI chip represent that there 10:
was a single rank that had a word [ ength that was 10:
twice as large as the physical ranks. 10:
Q What about in Kimthen? 10:

MR. CHANDLER: Object to form 10:

BY Ms. ZHONG 10:
Q And Kimis Exhibit 1014. 10:

A. You can do the sane. 10:

Q Soin Kim Kims preferred enbodi nent shows 10:

two ranks of nmenory dies; right? 10:
A Yes. 10:

Q Okay. So in Kim if you want to have a 10:
third rank, how would you nodify Kims Figure 3 or 10:
Figure 5 to accommodate that third rank? 10:
A. There woul d be a nunber of possible ways 10:

to -- you are using three ranks or four ranks? 10:
Q Three. If four is easier, you can do four. 10:

A Yeah. Three ranks is just generally 10:
difficult and conpli cat ed. 10:
Q Okay. \y? 10:

A. Because you have to divide addresses by 10:
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three or you have to have word sizes that are not a 10:
power of 2, so those are just generally hard -- 10:
Q Okay. 10:

A -- in any system Not inpossible, but hard. 10:

But if you went from2 to 4, you could do 10:

it two different ways. And, in fact, Ellsberry 10:
essentially illustrates some of those. But you 10:
could -- you could either have four G Gs and four 10:
chip selects and expand the read and wite selecting 10:
units to each select 1 of 4, then you woul d have 4 10:
ranks. O you could have 4 ranks sharing 2 ports 10:
where you could operate only one of those ranks at a 10:
time. 10:
Q When you say -- in the second option when 10:

you say it shared 2 ports, are you saying like -- 10:
let's just take a |l ook at the G O RankO, that path 10:
t here. 10:
A. Yes. 10:

Q Are you saying you are going to split the 10:

LI O RankO after the box 100 into two different 10:
branches? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: No. You could have a RankO 10:

and a Rank2 both connected to G O RankO and sinply 10:
have the appropriate control signals to have one at 10:
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atime drive those wres. 10:
BY Ms. ZHONG 10:
Q So like the RankO is also going to be added 10:

to the GO _RankO line, basically just a duplicate -- 10:
A One option would be to add -- to connect 10:
Rank2 to the G O RankO line and to connect Rank3 to 10:
the G O Rankl line, and create the appropriate 10:
control signals so that only one rank would drive 10:
each of those I/Olines at a time or only one rank 10:
woul d respond to wite operations on them There 10:
are lots of different ways to make rank 10:
mul tiplication work. 10:
MS. ZHONG  Okay. Wiy don't we take a break 10:

right now. 10 m nutes. 10:
MR. CHANDLER: Ckay. 10:
DEPOSI TI ON REPORTER: We are off the record. 10:

(OFf the record.) 10

BY Ms. ZHONG 10
Q So, Dr. Wlfe, can we go back to Figure 5 on 10

Ri ho, which is Exhibit 1016. Okay. 10
A | have it. 10

Q Okay. So | think we discussed earlier, | 10

t hi nk you said when the transm ssion gates in the 10
switch circuits sa and sb are off, it isolates the 10
| oad fromthe driver circuits on the right fromthe 10
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TSV, correct? 10:
A Correct. 10:

Q Okay. 10:

A When they are both off. If either one is 10:

on, then it is not isol ated. 10:
Q. Okay. But do the transni ssion gates 10:

t hensel ves have capacitive | oads on thenf? 10:
A Everything in the universe has a capacitive 10:
load on it. But the transni ssion gates have a very 10:
tiny capacitive | oad conpared to the drivers, enough 10:
that we would typically ignore it. 10:
Q But isn't it the case that in order to 10:
acconmodate a current fromthe driver circuit, the 10:
transistor had to be built |arge enough in order to 10:
acconmodat e that current? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: It has to be | arge enough, but 10:

t hat doesn't nean it's very large. That could be 10:
quite m nimal. 10:
Al so, the bulk -- the way that a 10:

transm ssion gate is configured and biased, it has 10:
a very mninmal capacitive load. It is designed that 10:
way. We use them for exanple, in capacitive touch 10:
sensors because they have a very tiny capacitive 10:
| oad and don't inpact the capacitives that you are 10:
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trying to measure.

BY Ms. ZHONG:

Q But we can agree that whether it's turned 10:
off or it's turned on, the -- there is going to be 10:
sone capacitive load that's inposed on a -- 10:
experienced by the TSVs; right? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: As | said, every -- 10:

BY Ms. ZHONG
Q Let ne put it this -- let ne put it this 10:
way. 10:
When the MOS driver in the |ogic side, when 10:
it's trying to drive the signal up to D15, it has to 10:
overcone the capacitive |oad attributable to the 10:
switch circuits sa and sb fromDO to D14 if both -- 10:
even if both of themare turned off; is that -- is 10:
that right? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: It's technically correct 10:
because everything in the universe has a capacitive 10:
| oad on everything else, but as | nentioned, the 10:
capacitive load is typically considered to be 10:
trivial. 10:
BY Ms. ZHONG 10:
Q. Okay. So we agree that there are capacitive 10:
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| oads fromthe transm ssion gates even if they are 10:
turned off, it's just that you believe that the 10:
contribution or the value of those capacitive | oads 10:
are insignificant. |Is that a fair description? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: As | nentioned, everything in 10:

the universe provides a capacitive |oad on 10:
everyt hing el se. 10:
When we do the analysis and the teaching 10:
fromR ho is that the capacitive | oad of the 10:
turned-of f transm ssion gates is negligible. It can 10:
be ignored. And that if -- their purpose is to 10:
i sol ate the capacitive load fromthe driver 10:
circuits, which is nmuch nore substantial . 10:
BY Ms. ZHONG 10:
Q Ckay. But the transm ssion gate wll have 10:

to accommpdate a current fromthe driver circuit; 10:
ri ght? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Current fromthe driver 10:

circuit does pass through the transm ssion gate, but 10:
it islimted by the characteristics of the TSV so 10:
it needs to be the appropriate size, but not 10:
anything that would be abnornally | arge. 10:
Il 10:
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BY Ms. ZHONG 10:
Q. Okay. They would be -- is it fair to say 10:
that the transm ssion gates in DO through D14 would 10:
be sized simlarly to those in D7 and D157 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: That woul d be the case in 10:

Ri ho's preferred enbodi ment. 10:
BY Ms. ZHONG 10:
Q. Okay. And each of the circuits would decide 10:
appropriately in order to accompdate the expected 10:
maxi mum | oad com ng fromthe driver circuit; is that 10:
right? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Not necessarily. They would 10:

be sized appropriately to support the designer 10:
current. 10:
BY Ms. ZHONG 10:
Q Ckay. So each of the circuits -- let ne 10:
withdraw it. 10:
Each of the switch circuits in SDRAM DO 10:

t hrough D15 woul d be designed or sized appropriately 10:
in order to accommodate the desired current fromthe 10:
driver circuit; is that right? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Fromthe driver circuit on 10:
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that particular chip, right. Renmenber, in many 10:
cases they're being driven by the driver circuit on 10:
the logic LSI chip as well. That's the one that we 10:
are really concerned about. 10:
BY Ms. ZHONG 10:
Q. Okay. So each of the switch circuit in DO 10:
t hrough D15 woul d be sized appropriately to 10:
accommpdat e the expected or desired drive current 10:
fromthe L1C2R2 driver circuits on that -- 10:
(Clarification requested by Reporter.) 10:
BY Ms. ZHONG 10:
Q So each of the switch circuits in SDRAM DO 10:
t hrough D15 woul d be sized appropriately to 10:
accommodate the expected current fromthe associated 10:
driver circuit on that die; is that correct? 10:
MR. CHANDLER: Objection. Form 10:
THE W TNESS: It depends what you nean by 10:
"expected current." One would determ ne what the 10:
desired current is fromthe driver on the die to the 10:
TSV and woul d size -- 10:
BY Ms. ZHONG:
Q Okay.
A. -- sa and sb appropriately to match the
desired current. 10:
(Carification requested by Reporter.) 10:
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THE W TNESS: -- size sa and sb 10:
appropriately to match the desired current. 10:
BY Ms. ZHONG 10:

Q And is it fair to assunme that in the 10:
preferred enbodi nent of Ri ho, each of those 10:
circuits, switch circuits, are sized simlarly or 10:
substantially the sanme? 10:

A Yes. |In the preferred enbodi nent, that 10:
woul d be the case. 10:

Q How woul d you estinate the capacitive | oad 10:
of the transm ssion gate associated with one of the 10:
L1C2R2 circuit? 10:

MR. CHANDLER: Objection to form 10:

THE WTNESS: In the context of Riho, | 10:
mean, | guess you could do an analysis using a 10:
simul ation tool based on your |C process, but, 10:
essentially, the teaching of Riho is that it is 10:
i nsubstantial and you don't need to take it into 10:
account . 10:
BY Ms. ZHONG 10:

Q Okay. \When you say the "sinmulation tool," 10:
what kind of tool are you tal king about? What are 10:
t he i nput paranmeters? 10:

A. It depends on your specific inplenmentation 10:
technol ogy. There are tools available from people 10:
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i ke Synopsys and Cadence that do 3D sem conduct or 10:
sinmulation to determ ne what the parasitic 10:
capaci tances are of individual devices using 10:
techniques like find an el enent analysis, and that's 10:
what woul d be done in the industry by those tools, 10
and you put in the paraneters that you get back from 10:
your manufacturing process. 10:
But, again, those details aren't really 10:

relevant to Riho's teachings. Riho's teaching is 10:
that by disconnecting the L1C2R2 circuit, that you 10
reduce the capacitance and that's the inportant 10:
t eachi ng. 10:
Q Ckay. Did you yourself do any sinmulation to 10:

see whet her Ri ho's assunption was correct on that? 10:
A. It would depend on the exact paraneters of 10:

the menory system But from ny experience, | can 10:
tell you that it's generally correct. 10:
Q Ckay. 10:

A. I mean, obviously, one could do a terrible 10:
design, but if -- in normal designs, this kind of 10:
technique is used all the tinme to reduce capacitive 10:
| oad by using a transm ssion gate. 10:
Q Is that the sanme -- is that the kind of 10:
design that's used being stacked with DDR4 or DDR5 10:
di es? 10:
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MR. CHANDLER: Objection. CQutside the scope 10:

of direct. 10:
THE WTNESS: | don't know. | haven't seen 10:

a circuit level design for DDR4 or DDR5 di e. 10:
BY Ms. ZHONG 10:
Q. Okay. So when you say it is a nornal 10:
design, in what context have you seen this kind of 10:
design [indiscernible] or it's nore horizontal 10:
desi gns? 10:
(Clarification requested by Reporter.) 10:

BY Ms. ZHONG 10:
Q So when you say, like in your experience, 10:
it's pretty normal for you to have a transm ssion 10:
gate to reduce a capacitive load, is that -- let ne 10:
ask you, do you have experience designing stacked 10:
dies with TSVs connected -- using TSVs to 10:
i nterconnect those stacks? 10:
A No, | do not. But the electrical 10:
considerations in this case would be the sane. 10:
Q Okay. And when you say it's normal design, 10:

i n what context have you used that design? 10:
A |'ve seen this design used for all 10:

ki nds of conputer buses, using nenories, using 10:
m croprocessors, and various kinds of |ow power 10:
systenms over decades. It's just a normal way to 10:
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i solate the capacitance of a circuit. 10:

Personally, I've used it in capacitance 10:

measurenment circuits, but |I have seen it used in 10:

many ot her ways. 10:

Q. Can you please go to the Exhibit Share and 10:

downl oad Exhi bit 2100. 10:

A It's not there unless you've introduced -- 10:

et me refresh. 10:
Q. Yeah, if you --

A Oh, it's there now. Ckay. 10:

MS. ZHONG  Okay. 10:

MR. CHANDLER: Just one nonent, please. [|'m 10:

still trying to get it nyself. |'m making progress, 10:

but just one second, if you will. 10:

Ckay. | think -- 1'"ve got Exhibit 2100 that 10:

has Figure 3 on it. 10:

BY Ms. ZHONG 10:

Q Ckay. So Exhibit 2100 is a nodification of 10:

Kim Fi gure 3. 10:

Dr. Wl fe, do you recall our discussion in 10:

the | ast session on how you would nodify Figure 3 to 10:

acconmodate four ranks in Kim do you recall that 10:

di scussi on? 10:

A | do. | recall saying there were a nunber 10:

of different ways one could -- in which one could do 10:
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it follow ng what was known in the art at the tine. 10
Q. Okay. And I'mshowing this to try to 10
understand -- |ike you said one of the ways is to 10
have Rank2 connected to the G O RankO |ine and Rankl 10:
connected to the G O Rankl |i ne. 10:
Do you recall that discussion? 10:

A | do. There are a nunber of things here. 10:

One is, it appears here that you have two Rankls, 10:
which I'"'mnot sure why you would do -- 10:
Q Okay. Sorry. 10:

A But also ny testinony was and is that you 10:
woul d al so have to make a nunber of additional 10:
routine nodifications that are not illustrated here. 10:
Q Ckay. | just want to understand when you 10:

say to connect from d O Rank2 to G O RankO, is 10:
that -- what do you have in m nd? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: No. This is inconplete. 10:

BY Ms. ZHONG 10:
Q Okay. How would you nodify it? How would 10:

you further nodify it? 10:
A As | said, I"'mnot -- I"'mnot going to do a 10:
conpl ete nmenory system design sitting here. |It's 10:
conplicated, although it's routine. 10:
But for one, you would connect the read 10:
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sense anplifier to the bus as well. You would have 10:
four chip selects instead of two, and you woul d need 10:
to go through and analyze all of the timng and all 10:
of the driver control to nmake it all work. 10:
Agai n, there are many exanples out there 10:

where a person of ordinary skill in the art could 10:
have solved it thensel ves using their general 10:
know edge as of 2010, but there's a | arge nunber of 10:
routi ne steps. 10:
Q Okay. So one of the things you nentioned is 10:

you would need to evaluate the timng. Wat do you 10:
mean by that? 10:
A. Every nenory system design, you need to 10:
evaluate the timng. You need to nake sure that the 10:
right signals show up on the right wires, the right 10:
time, and when you nmake a change in a nenory system 10:
you may need to go back and confirmor nodify that 10:
timng. 10:
Q Let's assune that Rank2 is connect -- has 10:
audi o probe signals and the wires and are connected 10:
to the G O _RankO; right? What would be the timng 10:
i ssue? 10:
A. It's a -- it's a nultistep anal ysis that 10:
involves a |ot of details. You have to | ook at all 10:
of the tim ng diagrans for those particul ar 10:
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menories. Again, it's routine, but nontrivial. 10:
And you woul d have to anal yze the input 10:

control signals, the input data, the output data to 10:
make sure that the right data shows up at the right 10:
time so there are no collisions, and so that data 10:
arrives at the tinme that the controller chip is 10:
expecting it. It's something that's been done tens 10:
of thousands of times. |It's very routine, but it's 10:
nore conpl ex than one can do sitting in front of a 10:
camer a. 10:
Q. Okay. \When you say two routines being done 10:
tens of thousands of tinmes, is it by you or it's by 10:
someone just out of the coll ege? 10:
A. Not necessarily someone right out of 10:
coll ege, but soneone with a limted anmount of 10:
experience in designing nmenory systenms and a basic 10:
col | ege educati on would be able to do that. 10:
Again, it's a routine engineering task. It 10:

is an entry-level engineering task. It is not 10:
sonet hi ng that one requires advanced education to 10:
do, but there are many details to chase down, each 10:
one of which is routine, but you would have to do 10:
them all. 10:
Q. And who provides all those design paraneters 10:

to the entry-level engineers? You need to have a 10:
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seni or person to direct the |low | evel engineer or 10
junior engineer to do those sinulation or study; is 10
that right? 10:
A No, | wouldn't think so. You would need to 10:
provide them with docunentati on of the conponents 10:
that they are given so the various nenory 10:
conponents, the various controller conponents, or 10:
you would give themthe freedomto redesign them 10:
Obvi ously, designing a conplete nenory 10:

system if you didn't start with anything would take 10:
a substantial anount of time for a single person to 10:
do, but that's not usually the situation. Usually 10:
the situation is one can choose from many different 10:
pre-existing conponents and any undergraduate 10:
el ectrical engineer would know how to read ti m ng 10:
di agrans and to determ ne conpatibility and to 10:
adj ust and conpensate for inconpatibilities, 10
especially by 2010. 10
Q Now, Ki m designed the Figure 3 configuration 10

to overconme a perceived problemin what Kim 10
descri bes as a typical sem conductor configuration 10
in Figure 1; is that right? 10
MR. CHANDLER: Objection. Form 10

BY MS. ZHONG 10
Q. VWhy don't we take one step back. 10
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A | believe -- 10:

Q. Go ahead. 10:

A. | believe that the problemthat was 10:
perceived. .. 10:
Q. Par agraph 42 and 437 10:

A Yes. So there was a problemin certain 10:

ki nds of nenories in which there could be a data 10:
collision in a two-rank system 10:
Q. And that is specific to the Figure 1 10:
configuration? 10:
A The Figure 1 configuration, if certain 10:
particul ar nmenory chips, nmenory conponents are used. 10:
Q What kind of a nmenory chip conponents are 10:
used that woul d cause this problenf 10:
MR. CHANDLER: | apol ogi ze, was the answer 10:

"gate collection" or "gate collision"? 10:
M5. ZHONG  Gate collision. 10

THE W TNESS: Data collision. 10

MR. CHANDLER: Data collision. All right. 10

| got it. 10
THE W TNESS: The prior art operation 10

occurred -- problemoccurred when a read i mediately 10
followed a wite operation. Not all nenories allow 10
that to happen. So sonetinmes one can sinply specify 10
that there's a tinme delay between a wite operation 10
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and a read operation to separate banks. So there 10:
are -- 10:
BY Ms. ZHONG
Q. [ I ndi scernible - simultaneous talking]
Sorry. 10:
A -- but again, the very -- the specific 10:
problemis separate fromthe Figure 5 teachings of 10:
how TSVs woul d be connect ed. 10:
Q. Okay. So how does -- let nme put it this 10:
way. 10:
Do JEDECs provide for -- allow for a 10:
read-to-wite operation within the sanme rank? 11:
MR. CHANDLER: Object to form 11:
THE W TNESS: Well, first let's put this in 11:
perspective. Kimdoesn't require that the actual 11:
ranks be JEDEC-conpliant menory. |In fact, Kim 11:
doesn't specify that there is any nenory type at
all, doesn't even specify that it's DRAM It's for 11:
any sem conduct or nenory. 11:
But given that, we'd have to dig into each 11:
i ndi vi dual JEDEC spec to |ook at the details of read 11:
versus wite timng. 11
But, again, even if it's permtted by the 11:
menory, it doesn't have to be permtted by the 11:
menory system 11:
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BY Ms. ZHONG 11:
Q. As far as you know, does NAND allow for read 11:
after wite imedi atel y? 11:
(Clarification requested by Reporter.) 11:
MR. CHANDLER: Yeah, | didn't hear that word
ei t her.
BY Ms. ZHONG
Q NAND, N-A-N-D, do NAND/ nenories allow for 11:
read after wite? 11:
MR. CHANDLER: Objection. Form 11:
THE W TNESS: There are |l ots of protocols 11:
for NAND nenories. Again, they don't all operate 11:
exactly the sane way. NANDs all allow for read 11:
after wite. There just may be a specified tine 11:
del ay between them 11:
BY Ms. ZHONG 11:
Q Ckay. Are you aware of any NAND systens 11:
that perform as described in paragraph 42 and 43 of 11:
Kimat the time of the invention? 11:
A I don't know one way or the other. 11:
Q Okay. \What about SRAM systens? 11:
A | amfamliar with pipelined SRAM systens 11:
that have this problem synchronous SRAMs. 11:
Q. Okay. So the synchronous SRAM -- by "SRAM " 11:
| nmean static RAM is that what you have in m nd? 11:
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A Yes. 11:

Q Okay. So SRAMs allow for read i nmedi ately 11:
after wite. 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: No. | said that | amfamliar 11:

with synchronous SRAM systens that do not permt a 11:
read i medi ately after a wite. There would be a 11:
col l'i sion. 11:
BY Ms. ZHONG 11:
Q Okay. Are you aware of any SRAMs that allow 11:

for inmedi ate read after wite as described in 11:
par agraph 42? 11:
A. | amnot sure if that is a correct 11:
characterization of paragraph 42. Paragraph 42 says 11:
t hat you could send those commnds, but that it 11:
woul dn't work in that particular configuration. 11:
So there are a |l ot of chips that would all ow 11:

you to send commands that woul dn't work, but | 11:
woul dn't describe that as saying that they allow 11:
t hat nmenory operation. 11:
Q So are you aware of SRAM systens that allow 11:

a read operation after a wite operation as 11:
described in 42? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: That's the sanme question. 11:
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just don't think that there's a clear way to answer 11:
it. | amaware of SRAM systens that can operate 11:
correctly if a read immediately follows a wite, and 11:
"' maware of SRAM systens that will operate 11:
incorrectly if a read immedi ately follows a wite. 11:
BY Ms. ZHONG 11:
Q. Okay. VWhich SRAM system woul d all ow for a 11:
correct operation with a read after wite? 11:
A. There are specific chips that do that. | 11:
can't recite a part nunmber off the top of ny head. 11:
Q. And do those SRAMs bel ong to different 11:
ranks? 11:
A. It depends how you assenble theminto a 11:
system 11:
Q ' masking you for that systemthat you are 11:
aware of that allows a read right after wite. Are 11:
t hose organi zed -- do those involve SRAMs in two 11:
di fferent ranks? 11:
A "' m aware of the conponents. A person of 11:
ordinary skill could assenble themin |ots of 11:
different ways with nmultiple ranks or single ranks. 11:
Again, these are all very ordinary things by 11:

2010, but | can't point you to a particular design 11:
that's configured that way. 11:
Q. So | am asking you: Are you aware of a read 11
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where an SRAM in Rankl follow ng i nmediately a wite 11:
operati on of an SRAM in Rank0? 11:
A. That woul d be sonething a person of ordinary 11
skill could build, but I"'mnot famliar with a 11
particul ar inplenmentation of that off the top of ny 11
head, no. 11:
Q. Okay. Are you aware of an inplenentation in 11:
2010 and before in which a NAND nenory -- 11:
DEPOSI TI ON REPORTER:  Excuse ne.
M ss Zhong, can you try to nove your canera down a
little bit. 1'mlosing your nouth again.
M5. ZHONG | think that's as down as
possi bl e.
DEPOSI TI ON REPORTER: Can you get cl oser
up to the screen maybe? Maybe that will help.
MS. ZHONG | don't think so. |I'm already
agai nst the edge of the table.
DEPCOSI TI ON REPORTER: Okay. Just try to
sit up alittle nore if you can would be hel pful.
Thank you. Sorry about that. 11:
BY Ms. ZHONG 11:
Q Are you aware of an inplenentation in 2010 11:
in which a NAND in the second rank perforns a read 11:
operation after a wite operation of the first rank? 11:
MR. CHANDLER: Objection. Form 11:
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THE W TNESS: Again, | can't point you to a 11:
specific design at the nmonment, but any nultiple-rank 11:
NAND system woul d have that characteristic. 11:
BY Ms. ZHONG 11:
Q. And do you have any references that 11:
descri bes organi zing NAND dies in ranks? 11
A Yes, both Ri ho and Rajan. Also -- 11:
Q Where does Ri ho say -- nmention organi zing 11:
DRAMs -- NANDs in ranks? 11:
A Wll, R ho is all about having ranks, 11:
i ncluding the preferred enmbodi ment with two ranks. 11:
And then in paragraph 136, he explains that you can 11:
either have a m x of DRAM and NAND, or you can have 11:
a NAND controlled by the same chip. 11:
And | believe -- let me see if | can find 11:
it. It says that it's applicable to the whole 11:
range of sem conductor products. Let nme |ook. | 11:
t hought -- that's Ri ho. Yeah. 11:
And then Rajan in colum 15, starting around 11
line 3 says it can be inplemented with NAND fl ash. 11
Q Okay. Does it describe using the word 11:
"rank" expressly whereas the word NAND - - 11:
DEPQOSI TI ON REPORTER: ' m sorry,
M ss Zhong. | can't see your mouth at all. It's

hard for ne to make out exactly what you're saying.
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Can we go off the record for a nonent.

MR. CHANDLER: Ckay. 11:

MS. ZHONG  Yes. 11:

(OFf the record.) 11:

BY Ms. ZHONG 11:
Q. Now, in Riho, the preferred enbodi rent when 11:
they discuss rank, that's in reference to an SDRAM 11:
system correct? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: The illustrated preferred 11:

enbodi nent is, but again, it also goes on to 11:
descri be that the NAND can be substituted in the 11:
sanme invention. So a person of ordinary skill would 11:
understand that the SDRAM i s exenplary and that the 11:
same design could be done with other kinds of 11:
menory. 11:
BY Ms. ZHONG 11:
Q | understood that. 11:

But does it describe use of the word "rank" 11:

in connection with NAND expressly? 11:
A Yes. To a person of ordinary skill, it does 11
because it tal ks about using NAND in the invention, 11
the invention that's described in terms of ranks. 11
Q So I have tried to do a search in JEDEC 11
specs and in general |EEE paper, and I have not seen 11:
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anyone have used the word "rank" together wth 11:
" NAND. " 11:
Are you aware of any such papers or JEDEC 11:

speci fication? 11:
A Most of the JEDEC specifications are not 11:
about NAND, so that wouldn't necessarily be the 11:
right place to look. | haven't done a search so | 11:
don't know one way or the other. 11:
Q. Who puts out the NAND specifications? 11:

A Agai n, there are a nunber of them One of 11:
themis called ONFI, but -- 11:
Q OFl ? 11:

A. ONFI, 1 Dbelieve. 11:

Q ONFI. OCkay. Okay. 11:

A. | don't recall other nanes off the top of ny 11
head, but it wouldn't inpact my opinion at all that 11
these references disclose the use of nenories beyond 11
SDRAMs. My recollection, again, with Riho is there 11
was anot her place that it was discussed. Let ne see 11
if I can find it. 11
It's in paragraph 135. And it specifically 11

says the controlled chips, the slave chips are not 11
limted to the SDRAM and may be, for exanple, SRAMs 11
or nonvolatile nmenories. Further, the circuit types 11:
are not limted to those disclosed in the 11:
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enmbodi nent s. 11:
Q | think we're tal king about two things. |'m 11:
trying to figure out what kind of nenory systemis 11:
at issue in Kim 11:
A Oh, in Kinf 11:

Q. | think -- yeah. And | think we started 11

di scussing in which nenory systens the problens in 11:
paragraph 42 -- described in Kim42 would appear. 11:
So | was asking you, are you aware of any 11:

NAND nmenmory systens in which the NAND nenori es 11:
are all 9 and ranked and one NAND -- and the 11:
menory -- the NAND nenory in Rankl woul d performa 11
read operation after a wite operation on Rankl is 11:
performed? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Both Ri ho and Raj an disclosed 11:

NAND menories or nonvolatile nenories, which one 11:
woul d equate at that tinme with NAND flash nenory. 11
BY Ms. ZHONG 11:
Q Okay. 11:

A And they are organized in ranks and they 11:
woul d be able to performa read followng a wite or 11:
awite followi ng a read. 11:
Q. Okay. And in those systens, is data 11:
collision avoidabl e as described in 42? 11
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A Data collision is always avoidable. The 11:
gquestion is what constraints the system desi gner 11:
wants to place on time. |If one carefully reads 42, 11:
paragraph 42 and 43 of Kim they' re not saying that 11:
t hat problemis unavoi dabl e, but nerely that they 11:
think that they have an inprovenent. 11:

Q. Okay. So | don't understand. Wy would 11:
there be a data collision problem when you do a read 11:
operation after a wite operation across the rank? 11:

MR. CHANDLER: Objection. Inconplete. 11:

THE W TNESS: Because in this one very 11:
narrow circunstance that is being discussed, these 11:
are burst operations and burst operations require 11:
mul tiple data transfers. And in this one particular 11:
exanpl e, the conmmand to data del ays have not been 11:
properly selected for optiml performance on a 11:
two-rank system But there are many, nmany known 11:
solutions to that problem 11:
BY Ms. ZHONG 11:

Q Okay. Do SRAMs output data in bursts? 11:

A Some do. 11:

Q What about NAND? 11:

A Most do. 11:

Q. Okay. And when you say they output a data 11:
in burst, what do you nmean exactly? 11:
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A That nmeans that for any individual read or 11:
write conmand, there are nmultiple cycles 11:
consecutively in which data is transmtted, usually 11
of a fixed size. 11:

Q. Does it have anything to do with -- say, for 11:
exampl e, you have an SRAM that is by 4. 11:

Does that nmean it outputs bursts of by 4 or 11:
that has nothing to do with the bits that's been 11:
out put by the -- 11:
(Clarification requested by Reporter.) 11:
BY Ms. ZHONG 11:

Q -- by the nmenory? 11:

A. Normal | y when we say that an SRAM i s 11:
by 4, we are tal king about the wi dth of each data 11:
transfer. 11:

Q Ckay. 11:

A. Burst lengths are typically in JEDEC 11:
conpl i ant DRAMs. They are specified by the 11:
particul ar generation. In SRAMs and NAND, they're 11:
usual l'y specific to each individual chip design. 11:

Q So for the SRAMs with the bursting data 11:
out put, were those available in 2010 -- 2009, 2010 11:
time period? 11

A They were known. \Whether they were -- they 11:
predate that by quite a bit. Whether they were 11:
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still available, I would expect the answer is yes. 11:
| don't know of any reason why they woul dn't have 11:
still been available, but | don't know that as a 11:
fact. But they were certainly known and their 11:
functionality had been published. 11:
Q. And do you use chip select signals with 11:
SRAMs ? 11:
A Normal |y, vyes. 11:

Q. What about with NAND nenory devices? 11

A. Often, yes. 11:

Q. And when you use a chip select signhal with 11:
NAND, does it select a single chip or all the chips 11:
in that rank? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: It depends how you have 11:

desi gned your nmenory system It would be a design 11:
choi ce. 11:
BY Ms. ZHONG 11:
Q And how is it supposed to operate in Kins 11:
Figures 1 and 3? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: Chip selects aren't 11:
illustrated in Figure 1. In Figure 3, chip 11:
sel ect O operates the entirety of RankO or 11
enabl es the entirety of RankO, and chip select 1 11:
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enables the entirely -- entirety of Rankl in that 11:
particul ar enbodi nent. 11:
BY Ms. ZHONG 11:
Q. What about the SRAM do the chip selects 11:

sel ect an entire rank or just a single chip? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Again, it's a design choice. 11:

A person of ordinary skill would know how to 11:
i npl enent either. 11:
BY Ms. ZHONG 11:
Q. I s that specified by JEDEC? 11:

MR. CHANDLER: Objection. Form 11:

THE W TNESS: JEDEC does not specify the 11:

desi gn of SRAM nenory systenms. They specify 11:
interfaces for various things. 11:
Agai n, JEDEC has |ots of specifications, but 11:

there woul d not be one that | don't think would tell 11:
you exactly how to connect up the chip selects on an 11:
SRAM nenory system  That would be a trivial 11:
engi neering task. 11:
BY Ms. ZHONG 11:
Q Does JEDEC specify the chip select signals 11:

in DRAM system or SDRAM systens? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: 1In certain systens it does, 11:
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but it doesn't restrict what you can do in other 11:
systens. 11:
BY Ms. ZHONG 11:
Q. Does JEDEC require that in a SDRAM system 11:
the chip select to be sent to all the dies in the 11:
rank? 11:
MR. CHANDLER: Objection. Form 11:
THE W TNESS: We'd have to | ook at 11:
particul ar specifications. Sonme JEDEC standards 11:
don't have anything to do with ranks and other JEDEC 11:
st andar ds do. 11:
BY Ms. ZHONG
Q What kind of specification would have 11:
something to do with ranks? Does it have to be a 11:
menory nodul e | evel specification? 11:
MR. CHANDLER: Objection. Form 11:
THE WTNESS: | don't renmenber the details 11:
of every JEDEC specification, but I would think that 11:
menory nodul e specifications woul d be the nost 11:
likely to describe the supported features of ranks. 11:
BY Ms. ZHONG 11:
Q Are SDRAM nmenory nodul es required to receive 11:
chip select signals? 11
MR. CHANDLER: Objection. Form 11:
THE W TNESS: Required by who? No. You can 11:
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bui | d an SDRAM nenory nodul e however you'd Iike. 11:
There are no regul ati ons or | aws. 11:
BY Ms. ZHONG 11:
Q. So if you have -- you are building a nenory 11:
nodul e usi ng DDR4, DDR3, SDRAMs, does the host have 11:
to provide a chip select signal, or can the chip 11
sel ect signal be generated internally on the nodule? 11:
MR. CHANDLER: Objection. Qutside the scope 11:

of direct and form 11:
THE WTNESS: 1'd have to refer to those 11:
specifications. Again, |I'msure there are |ots of 11:
things that are theoretically possible, but in a 11:
typi cal JEDEC conpliant DDR3 or DDR4 nenory nodul e, 11:
there are chip selects that come fromthe host, but 11:
t hat does not prevent you from generating local chip 11:
selects on the nodule as well. 11:
BY Ms. ZHONG 11:
Q But if you are not building a JEDEC 11:
conpliant nmenory nodul e, does that nmenory nodul e 11:
have to receive a chip select signal? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: It would depend on the purpose 11:

that you were designing the nodule for and what 11:
capabilities you wanted it to have. There may be 11:

ways to not have a chip select signal externally in 11:
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very specific circumnmstances. 11:
BY Ms. ZHONG 11:
Q Are you famliar with a Ranbus systenf 11:

A There were nore than one Ranbus system but 11:
I"'mfamliar with some of the ones that existed 20, 11:
25 years ago. 11:
Q. Okay. In those Ranbus nenory nodul es, do 11:
they involve chip select signals? 11:
MR. CHANDLER: Objection. Qutside the scope 11:

of direct. 11:
THE WTNESS: | don't remenber the details. 11:

There was -- there was sone conmunication related to 11:
sel ection, but | don't renenber the actual form 11:

BY MS. ZHONG

Q When you say "there was sone comruni cation 11:
related to selection,” selecting of a particular 11:
chip, a group of chips, or what is the selection? 11:

MR. CHANDLER: Objection. Qutside the scope 11:

of direct. 11:
THE WTNESS: | don't recall. 11:

BY MS. ZHONG 11:
Q And let's go back to Kim 11:

VWhy does Kim believe that Figure 1 has a 11:
problemthat is described in paragraph 42, but 11:
Figure 3 overcones that issue? 11:
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A. In Figure 1, both reads and wites to the 11:
first rank, RankO, have to go through the sanme set 11:
of stages, which then conbine at the bus DQ and 11:
DQL. 11:

In Figure 3, there is one set of wite 11:

st ages shared between RankO and Rankl, and one set 11:
of read is shared between RankO and Rankl. And in 11:
the very particular circunstance that Kimis 11:
concerned about in that portion of his disclosure, 11:
this can resolve the problem 11:
Q  Wy? 11:

A. Because the -- let ne see if | can see why. 11:
It's because the assunption in Figure 1 is 11:

that wite data is sent out on both GOl and G O2 at 11:
the sane tinme, and in Figure 3, because of the 11:
selecting unit, it's only sent out on one or the 11:
ot her and that solves the problem 11:

Q Wiy is the assunption -- let's focus on 11:
Figure 1. 11:

A ["'msorry. | mssed a few words. 11:

Q Let's just focus on Figure 1. 11:

A Yes. 11:

Q Okay. So why is the assunption that if 11:
wite data is sent on both GOl and A O2 in Figure 1 11:
woul d cause a read-after-write collision? 11:

Page 77

28
28
29
29
29
29
29
29
29
29
29
30
32
32
32
32
32
32
33
33
33
33
33
33
33

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 77




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

A Well, that's what's illustrated in 11:

Fi gure 4A. 11:
Q Okay. 11:

A And | think that the idea is that even 11:

t hough the -- is that one of those is performng a 11:
read and the other one is performing a wite, and 11:
the wite data is going to be sent out on the sanme 11:
wire. 11:
So, for exanple, RankO is reading and then a 11:

write operation happens, and the Figure 1 systemis 11:
not smart enough to know that it only needs to wite 11:
to Rankl and it tries to wite to both of them and 11:
that's what causes the collision. 11:
Q But the read woul d happen after the wite is 11:
done because by that tinme -- 11:
A. No. Because Figure A shows that that's not 11:
what happens. 11:
Q But isn't that what's supposed to happen 11:

t hough? When you have a read after wite, you wait 11:
until the read is done before you start to read the 11:
dat a? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: [I'msorry. | don't 11:
understand. You wait until the read is done before 11
you start to read out the data? 11:
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BY Ms. ZHONG 11:
Q No. You wait until the wite is done before 11:
you do the read operation. 11:
A That woul d be a good solution, but it's not 11:
the one in Figure 4A 11:
Q. When does the Figure 4A scenari o happen? 11:

A When you do a wite operation to RankO 11:

i mmedi ately followed by a read operation to Rankl. 11:
And the reason is because Rankl is not receiving the 11:
write operation even though it is receiving the 11:
wite data and it, as a result, doesn't know that a 11:
wite is in progress. 11:
Q Ckay. So now let's look at Figure 3, and 11:
assune that now you have four ranks, with two ranks 11:
connected to G O RankO and two ranks connected to 11:
G O_Rank1. 11:
Do you have that in m nd? 11:

A Under st ood. 11:

Q Ckay. So in that scenario, if I -- and 11:
let's assume that it is RankO and Rank2 connected to 11:
RankO G O and Rankl and Rank3 connected to Rankl 11:
G o 11:
A Yes. 11:

Q So now, if you do a read operation from 11:
RankO, inmmediately after a wite operation to Rank2, 11:
Page 79

34
34
34
34
34
35
35
35
35
35
35
35
35
35
35
35
35
35
35
36
36
36
36
36
36

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 79




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

woul d the read-after-write collision that is 11:
described in Figure 1 occur? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: It would occur if you designed 11:

it in an extraordinarily naive way. A person of 11:
ordinary skill would add additional nechani sns 11:
routinely to prevent that, either by telling the 11:
menmory controller that that was not pernmitted or by 11:
addi ng sonme additional control logic to either the 11:
menmory ranks or the interface chip that would del ay 11:
one operation to avoid those collisions. 11:
BY Ms. ZHONG 11:
Q But couldn't those be done to the Figure 1 11:
configuration as well to prevent that collision? 11:
A. Absol utely. There is no suggestion that 11:
Kims solution is the only way to solve this 11:
probl em 11:
Q Ckay. So if you just do -- collect RankO -- 11:
Rank2 to the GO line -- so if you just connect 11:
RankO and Rank2 to the same GO lines, and if -- let 11:
me see -- if you have all the right control signals 11
or the right electrical connection and the right 11:
timng, can the read and the wite collision be 11:
avoi ded? 11:
MR. CHANDLER: Objection. Form and 11:
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i nconpl et e. 11:
THE WTNESS: Yes. |If you get all the 11:

control signals and control state machines correct, 11:
the read-after-wite collision can be avoi ded. 11:
BY Ms. ZHONG 11:
Q And can the read-after-wite collision be 11:
avoided with Figure 1 with a different tin ng 11:
mechani snf? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: Yes. Kims is not the only 11:

solution to this problem There are others. 11:
BY Ms. ZHONG 11:
Q But it requires additional design changes. 11:
Simply connecting a Rank2 device to the conmmon 11:
G O RankO line may still cause a data collision 11
bet ween RankO and Rank2; is that right? 11
MR. CHANDLER: Objection. Form 11:

| nconpl et e. 11:
THE WTNESS: It could, but a person of 11:

ordinary skill would recognize that that is an 11:
i nappropriate design. They would nmake the 11:
appropriate routi ne changes to accommmodate the 11:
addi tion of nore ranks. 11:
BY Ms. ZHONG 11:
Q Okay. 11:
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A. Al so, that's not the only way to add nore 11:
ranks, right. Two nore ranks could be added by just 11:
adding nore ports to the wite-selecting unit and 11:
the read-selecting unit. 11:

Q Under st ood. 11:

If that is the way you are -- let's say 11:
the way that you' re adding additional branches or 11:
additional GO lines to accommpdate additi onal 11:
ranks, how would that translate to a stacked 11:
configuration simlar to Figure 5 then -- 11:

(Clarification requested by Reporter.) 11:
BY Ms. ZHONG 11:

Q -- a stacked configuration shown in 11:

Fi gure 57 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: |If you were to add to the 11:
stack in Figure 5, you would have a design choice. 11:
You coul d either add additional die sharing one of 11:
the TSVs, or you could add additional die with their 11:
own TSVs. Either one woul d be obvious. 11:
BY Ms. ZHONG 11:

Q Okay. \What woul d be the design advantage of 11:
having a separate G O design for each rank of die? 11:

A. It could have a slightly reduced | oad and it 11:

could have very mnor sinplifications to the control 11:
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circuit, but there would be a tradeoff in that it 11:
woul d require larger circuity in the wite-selecting 11:
unit and read-selecting unit and it would take up 11:
nore space on each die. So the | owcost solution 11:
woul d be to share the TSVs. 11:
Q. Okay. And when you share a TSV, for 11:
example, like for G O RankO TSV 1, you woul d share, 11
for exanple, Rank2 with that TSV. And when you do 11:
that, what additional nodifications do you need in 11:
order to nmke sure that there are no data collisions 11:
across a TSV 1 wire? 11:
MR. CHANDLER: Object to form 11:

THE W TNESS: You woul d use the sane 11:

ordi nary techni ques that you would normally use in 11:
building a multirank nmenory system You woul d | ook 11:
at the timng of each operation, and you woul d make 11:
sure that any sequence of operations that woul d 11:
cause a data collision is disallowed or reschedul ed 11:
in exactly the ordinary way as when you conbi ne 11:
multiple nmenory die without stacking. |It's exactly 11:
equi val ent . 11:
BY Ms. ZHONG 11:
Q So you have to do additional nodifications? 11:

For exanple, you have to make sure that the timng 11:
is correct when the data is read out or transmtted 11:
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to the dies in different ranks; is that right? 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: |If you change the nunber of 11:

ranks, you do need to make routine changes to the 11:

control circuity as well in exactly the way it was 11:

done for nonstacked systenms at the tine and the way 11:

t hat was described in earlier published patents. 11:

BY Ms. ZHONG 11:

Q. Okay. What woul d be the advantage of using 11:

the Figure 1 configuration conpared to Figure 3? 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: | don't know. | haven't 11:

t hought about it. 11:

BY Ms. ZHONG 11:

Q Well, Kimdescribes the Figure 1 11:

configuration as a typical sem conductor nenory 11:

apparatus; right? 11:

A. Yes. 11:

Q There nmust be sone reason why people are 11:

using it as a typical design. 11:

MR. CHANDLER: Object to form 11:

THE WTNESS: |'msure there are. | just 11:

haven't thought about what that is. 11:
BY Ms. ZHONG

Q. So do you know of any advantage of the 11:
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Figure 1 configuration conpared to Figure 3? 11:
A Again, | haven't thought about it. 11:

Q And in the Figure 1 configuration, why are 11:
there two different DQ pads? The DQ and the DQL 11:
are connected; correct? 11:
A. Yes. 11:

Q. So electrically, they can be collapsed into 11:

a single pad; is that correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: | think that the suggestion -- 11:

et me | ook here. 30 and 40. 11:
The assunption here is that in Figure 1, 11:

there are two different input and output sections 11:
that include separate pads, so that is sinply an 11:
assunption in that design. Sure, one could do it 11:
differently. 11:
BY Ms. ZHONG 11:
Q Wul d there be any performance difference if 11:

you used a single DQ output that is connected to the 11:
two GO |ines? 11:
A. Well, the DQ outputs are not connected to 11:

the GO |ines. 11:
Q Okay. So -- sorry, that was put badly. 11:

So what if you have a single DQ line that is 11:
connected to both circuit 30 and circuit 407? 11:
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MR. CHANDLER: Objection. Form 11:

THE W TNESS: You woul d have to analyze the 11:
particular circunmstances. It is not even clear that 11:
30 and 40 are on the sanme chip in all situations. 11:
BY Ms. ZHONG 11:
Q. So you think that in Figure 1, the circuity 11:
above the dashed |line may be on one chip and the 11:
circuity bel ow the dashed |line may be on anot her 11:
chi p? 11:
A | think that would certainly be consistent 11:
with the description in -- yeah. 11:
Q And then you tie the data output pins from 11

the two chi ps together? 11:
A Sure. We do that all the tine. W tie the 11:
data output chips frommnultiple chips together. 11:
Q Why woul d you do that? 11:

A. So that they can share conmmunication wires. 11:

Q And those two chips have to belong to two 11:
different ranks; right? They can't belong to the 11:
same rank? 11:
A. "' m not sure what you nean by "belong to." 11:

But in Figure 1, they are illustrated as being 11:
associated with two different ranks. 11:
Q. Can they belong to the sane rank -- 11:

MR. CHANDLER: Objection. Form 11:
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BY Ms. ZHONG 11:
Q -- and have this configuration? 11:

MR. CHANDLER: Objection. Form 11:

THE W TNESS: That's not what's descri bed 11:

in Figure 1. | nmean, again, people of skill in 11:
menmory design can nake all kinds of nodifications. 11:
It's a very rich space for design, but that's not 11:
what's described in Figure 1. 11:
BY Ms. ZHONG 11:
Q But woul d a POSI TA make such a change t hat 11:
both chips are -- both chips belong to the sane rank 11:
and their DQ lines -- their DQ pads are connected 11:
t oget her ? 11:
A | don't know. | haven't done an evaluation 11:

for Figure 1. 11:
Q Whul d that be a problem when you receive a 11:
single read and wite conmand and the data fromthe 11:
two chi ps belonging to the same rank woul d be 11:
outputting the data together? 11:
A | haven't done the analysis of that nodified 11:
Figure 1. 11:
Q Okay. Have you done an analysis for 11:
Figure 3, if the chip 100 and chip 200 bel onged to 11
the same rank, the sanme physical rank instead of 11:
di fferent ranks? 11:
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MR. CHANDLER: Objection. Form 11:

THE WTNESS: No. | have not considered a 11:

case where 100 and 200 belong to the sanme rank. 11:
BY Ms. ZHONG 11:
Q. Do you think that the system would work if 11:

100 and 200 are not the sane physical rank? 11:
A | think a person of ordinary skill could 11:
make that system work, but it would be very unusual 11:
in a nenory systemto be able to make a change 11:
wi t hout having to make changes to the control signal 11:
timng. You would always have to go through routine 11:
steps to make all the parts conpatible with each 11:
ot her. 11:
Q And can you tell ne where in your 11:
decl aration you specified the changes that is 11:
requi red when you make a nodification to Kim 11:
Fi gure 5? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: There may be a nunber of 11:

di scussions with respect to very specific clains, 11:
but general ly, paragraphs 150 through 168 descri be 11:
the nodifications, if necessary. 11:
They include |ooking to Rajan to get the 11:
specifics of the host interface, even though there 11:
is clearly one in Kim And to the extent that the 11:
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clainms require nore than one die per group, Rajan 11:
provi des gui dance as to how to connect nore than one 11:
di e per group. 11:
MR. CHANDLER: Wi ch exhibit of which IPR 11:
are we tal king about? 11:
THE WTNESS: Well, it's Exhibit 1003 11:
because they are both 1003, but | am | ooking at 11:
Exhibit 3 of the 1428. Exhibit 1003 of 1428. 11:
BY Ms. ZHONG 11:
Q The Exhibit 1003, Wbl fe declaration for the 11:

' 160.
A. Yes. 11:
Q So in Rajan, let's just | ook at the Figure 4 11:
you excerpted on page 67 of your decl aration, 11:
Exhibit 103 fromthe '160 proceeding. 11:
A Yes. 11:
MR. CHANDLER: | just need one mnute to get 11:
the exhibit here you are tal king about. So this is 11:
| PR 1428, Exhibit 1003 is what we are | ooking at? 11:
MS. ZHONG  Yes. 11
MR. CHANDLER: All right. And then you said 11:
page 677 11:
MS. ZHONG  Yes. 11:
MR. CHANDLER: All right. | amwth you 11:
guys. 11:
Page 89

53
53
53
53
53
53
53
53
54
54

54
54
54
54
54
54
54

54

: 55

55

55

55

55

55

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 89




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

BY Ms. ZHONG 11:
Q. Okay. So you see an annotated Figure 4 from 11:

Raj an? 11:
A. Yes. 11:

Q. And so you are grouping the two bottom dies, 11:
417C and 417B, as one group and the two top dies, 11:
417A and the 417B, as anot her group; correct? 11:
A That woul d be one enbodi nent that would be 11:
obvi ous, yes. 11:
Q Okay. And are the two dies 417A and 417B in 11:

t he same rank or different ranks? 11:
A. Ei t her woul d be obvi ous. 11:

Q Ckay. And what about 417C and 417D, do they 11:

bel ong to the same rank or different ranks? 11:
A. You woul d configure themin a corresponding 11:
manner to 417A and 417B. So you could either have 11:
two ranks -- well, let's see. 11:
What woul d make sense -- you could either 11:

have -- well, no. In this inplenentation, you would 11:
have two ranks, one rank would be 417A and 417C, and 11:
t he other rank would be 417B and 417D. 11:
Q So why woul dn't you have 417A and 417B in 11:

t he same rank? 11:
A. Because they're connected to the sanme TSV. 11:

You could do that in different parts of the address 11:
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space -- 11:
Q Okay. 11:

A. -- but that's not what |I'mrelying on. 11:

Q. So if 417A and 417B bel onged to the sane 11:
rank and they're connected to the sane data wre, 11:
there potentially can be collision issues and 11:
current issues if they output data at the same time; 11:
is that right? 11:
A. That is a big if. You would never let them 11:

out put data at the same tinme if you nade themin the 11:
sanme rank. You would -- you would put themin 11:
di fferent places of the address space so only one or 11:
t he ot her was operable. 11:
Q But if they are in the sane rank, then they 11:
woul d be responding to the chip selection or read 11:
conmmands and out put data simultaneously, wouldn't 11:
they? 1Isn't that what a rank of nmenory does? 11:
A. | guess that's right. So you wouldn't put 11:
themin the same rank, then, unless you had sone 11:
| ocal nodification to be able to do -- yeah. So you 11:
woul dn't put themin the same rank. Again, that is 11:
not what | relied on. 11:
Q VWhat did you rely on? Did you rely on 417A 11:

and 417C be in one rank, and 417B and 417D in 11:
anot her rank? 11:
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A. Yes. 11:

Q And so how woul d your nodification for Kim 11:

be then? 11:
A So -- let ne start over again here. 11:

So that is one enmbodinent that | rely on for 11:

all the claims. 1It's also possible to have four 11:
separate ranks here, right. That doesn't cover all 11:
the clains, but it covers many of the clains. 11:
The nodification to Kimis just as we talked 11:

about. To the extent that the clainms require nore 11:
than one die in a rank, it would be obvious to 11:
connect themin the manner that is shown in 11:
Figure 4, which is a well-known way to do rank 12:
mul tiplication. 12:
Q And is it your opinion that Rajan discloses 12:

TSV connecti on? 12:
MR. CHANDLER: | think it is R-a-j-a-n, 12:

Raj an. 12:
THE WTNESS: No. Rajan -- let nme | ook at 12:

one nore thing. 12:
Raj an di scl oses a stacked configuration, but 12:

doesn't express any preference as to how the wiring 12:
occurs in the stack. Kimteaches to use TSVs as a 12:
preferential wring nmechani sm 12:
I 1 12:
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BY Ms. ZHONG 12:
Q. So how does Rajan's DRAM circuits differ 12:
from Ri ho's SDRAM di es? 12:
MR. CHANDLER: Objection. Form 12:

THE W TNESS: Both Rajan and Ri ho don't 12:

restrict their enmbodinments to DRAM at all. They 12:
bot h i ncorporate many different kinds of nenories. 12:
Both gi ve exenplary configurations. 12:
| haven't conpared the simlarities or 12:

di fferences between Ri ho and Rajan's exenpl ary 12:
configurations, but in either case, they're 12:
applicable to DRAM SRAM and flash nenory, and a 12:
person of ordinary skill could adapt themin either 12:
way. 12:
Rajan in his own inplenentation doesn't 12:

require the transm ssion gate swtches. R ho in his 12:
preferred enbodi ment does include the transm ssion 12:
gate switches. But other than that, they are both 12:
applicable to a wide range of nenori es. 12:
BY Ms. ZHONG 12:
Q So Riho's SDRAM di es can be different than 12:
Rajan's DRAM circuits even though both conprises 12:
DRAM cells; is that correct? 12:
MR. CHANDLER: Objection. Form 12:

THE WTNESS: [If by "difference,” you nean 12:
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that they do not need to be identical in every 12:
aspect in all enbodinents, then they could be 12:
di fferent. 12:
BY Ms. ZHONG 12:
Q. What's your interpretation of Samsung's 12:
claimconstruction that array dies are different 12:
t han DRAM circuits? 12:
MR. CHANDLER: Objection. Form 12:

BY Ms. ZHONG 12:
Q When woul d a SDRAM di e be different than a 12:
DRAM circui t? 12:
A. | don't believe an SDRAM die is ever 12:
different than a DRAM circuit. | think all SDRAM 12:
dies within this claimconstruction would be DRAM 12:
circuits. 12:
That's why | focused on the fact that both 12:

Raj an and Ri ho and Ki mand Wnan are not restricted 12:
to DRAM di es or SDRAM di es. 12:
Q Ckay. Can you take a | ook at your 12:

par agraph 196. 12:
A This is in the 1428 declaration? 12:

Q Correct. Correct. Page 89. 12:

A. Okay. Gve ne a second to read it. 12:
Okay. 12:

Q. Are the citations here specific for the 12:
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SDRAMs ? 12:
A. No. They're specific to a SDRAM conpatible 12:
external interface. But Rajan, in particular, is 12:
clear in its teachings that the internal nenory type 12:
does not need to be the same as the external 12:
i nterface. 12:
And Kim as well, is clear that the external 12:
interface is distinct fromthe internal chip |evel 12:
interface. So these have to do with the external 12:
interface, but not -- are not specific to any 12:
particul ar type or generation of stacked nenory 12:
di es. 12:
Q So you can use these for NAND chi ps, as 12:
wel |, even though those are JEDEC specifications for 12:
DDR3 nenori es? 12:
A. Yes. That's anmpong the teachings that are in 12:
Rajan in particular, is that you can build an 12:
interface in which you adopt an external 12:
communi cati on standard, but use a different type of 12:
menory internally. 12:
Q So, basically, you are saying you are going 12:

to use NAND chi ps with DRAM conmuni cati on protocols? 12:
A. Yes. That is contenplated by this 12:
conbi nati on. 12:

Q. And what would that entail? |Is that easily 12:
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doabl e? 12:
A It's routinely doable. | nean, nothing in 12:
designing a nmenory systemis easy in the sense that 12:
it can be done in a few m nutes, but it does not 12:
requi re any experinentation or invention. It would 12:
sinply be converting one nmenory interface to 12:
another. |It's done all the tine. 12:
Q You are saying that people routinely use a 12:
NAND chip with a DRAMinterface and the vice versa? 12:
A No. |'m saying that people would know how 12:

to do that. So some of the exanples are a little 12:
bit different. For exanple, it is very, very comon 12:
to use DRAMwith an SRAMinterface. That's been 12:
very, very comon for decades. 12:
But there also are a nunber of people who 12:

over the years have designed nonvol atile DI MV that 12:
woul d use a DRAMtype interface to connect to a 12:
nonvol atil e menory such as flash to prevent data 12:
loss in a power failure, for exanple. 12:
Q And where in Rajan is that taught, aside 12:
fromthe general reference that the nenory -- the 12:
type of menory is not limted? Were does it say it 12:
is going to use one type of menory and different 12:
interface? 12:
A. There are a nunber of citations in ny 12:
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declaration. 1 can go through and try to find them 12
all for you. 12:
Q Okay. 12:

A So Rajan talks in a nunber of places about 12:
"enul ated interfaces.” One of the places is in 12:
colum 3. In this particular exanple, he talks 12:
about enul ating one JEDEC DDR3 nmenory standard using 12:
DDR2 nmenory chips, in columm 3 at lines 52 to 61. 12:
As we discussed, he tal ks about how his 12:
invention can be built with any kind of nenory 12:
t echnol ogy, including flash and SRAM and ot her 12:
ki nds of nmenory. But also in colum 4, starting at 12:
| ine 20, he tal ks about how you can have a JEDEC 12:
compl i ant host interface. He doesn't limt that to 12:
any particular kind of nenory. 12:
| think there are sone nore things. 12:

Figure 18 shows this kind of enulation strategy, and 12:
there's a section in colum 12, starting at line 14, 12:
describing Figure 16 that involves changing the 12:
interface to represent a different size of DRAM 12:
There's also a description of doing that at 12:

the bottom of colum 12 in the |ast paragraph there. 12:
And then in colum 14, there is a 12:
description of Figure 18 where it describes that the 12:
host interface and the physical nenory can have 12:
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different attributes and that the attributes of one 12:
may be emul ated in the other. 12:
And let's see. 51... So | think when you 12:

take that together with the disclosure in 15, where 12:
it lists all the menory types, and then says that as 12:
physi cal nmenmory circuits including NAND fl ash, NOR 12:
flash, SRAM and then it says the physical nenory 12:
circuits may be coupled to any type of menory 12:
nodul e, such as DIMM RDIMM SO DI MV those are 12:
particul ar JEDEC types, so | think it makes the 12:
connection there as well. 12:
MR. CHANDLER: \What exhibit are you |looking 12:

at ? 12:
THE W TNESS: | am | ooking at 12:

Exhi bit 1026 -- no, 1016. 12:
MR. CHANDLER: You nean 10157 12:

MS. ZHONG 1015. | think it's 1015. 12:

THE W TNESS: 1015. Yes. 12:

MR. CHANDLER: All right. 12:

THE W TNESS: The ' 881 patent. 12:

There is also a useful disclosure in 1015 at 12:

colum 8, line 6 through 15. 12:
BY Ms. ZHONG 12:
Q. Have you personally designed a system where 12:

you emul ate NAND with a DRAM i nterface? 12:
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DEPCSI TI ON REPORTER:  |I'm sorry, where you
emul ate. ..

BY MS. ZHONG

Q. -- a NAND nenory device with a DRAM
interface? 12:
A | have not personally designed such a 12:
system 12:
Q Have you ever designed a system where you 12:
enmul ate the DRAM usi ng NAND i nterface? 12:
A | have not personally designed that system 12:
Q. And in colum 8, line 6 through 15, is 12:
di scussi ng DRAM conpliance; right? 1t's talking 12:
about interfacing, having the DRAMinterface; is 12:
t hat correct? 12:
MR. CHANDLER: Objection. Form 12:
THE WTNESS: It tal ks about sinmulating a 12:
DRAM i nterface there in colum 8, lines 6 through 12:
15. And that is one of the exanples that is 12:
provided is sinulating a DRAM i nterface. 12:
BY Ms. ZHONG 12:
Q And the preferred enbodi mrent you relied on, 12:
for exanple, Figure 4, those are specific to DRAM 12:
circuits; right? 12:
MR. CHANDLER: Objection. Form 12:
THE W TNESS: That particul ar exanple is 12:
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of a DRAM circuit, but when read in the context of 12:
t hose specifications as a whole, | think a person 12:
of ordinary skill would understand that there is 12:
nothing that limts the teaching of Figure 4 or that 12:
enbodi nent to DRAM 12:
BY Ms. ZHONG 12:
Q. Okay. And the teachings for a DRAMcircuit 12:
design can be readily applied to NAND nenory design 12:
systens, SRAM desi gns; correct? 12:
A The teachings that | relied on in Rajan can. 12

MS. ZHONG  Okay. Wiy don't we take a lunch 12:

break. An hour? 12:
DEPOSI TI ON REPORTER: Why don't we go off 12:

the record. 12:
MR. CHANDLER: Ckay. 12:

(Lunch recess.) 12:

BY Ms. ZHONG 13:
Q Dr. Wl fe, do you have Exhibit 1024 with you 13:

whi ch i s Ruckerbauer? 13:
A Il will load it fromthe site. 13:

Q Are you famliar with Ruckerbauer? 13:

A In alimted sense, | used Figure 5 of 13:
Rucker bauer to be -- sinply be exenplary of sonme of 13:
the opinions that | had. 13:
Q. Okay. So can you go to Figure 5A of 13:
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Rucker bauer. 13:
A Okay. 13:

Q You have seen this figure before; right? 13:

A |"ve seen it, but | don't recall what 13:
Rucker bauer said about it. As | said, | used this 13:
in a very |imted sense. 13:
Q. Okay. Can you perhaps read Ruckerbauer, 13:
colum 9, line 66 and 8. 13:
A. |"msorry. The lines one nore tine. 13:

Q Actual ly, how about 10, 2 to 10, 8, columm 13:

10 line 2 to 8? 13:
A. | need to read sone earlier portions to 13:
understand what this is referring to. 13:
Ckay. | read it. Again, | didn't rely on 13:

this portion of this reference so |I'mjust getting 13:
famliar with it. 13:
Q Ckay. | just have a couple of questions for 13:
you. Let's just focus on the two TSVs, 112a and 13:
112b, on the left-hand side. 13:
Are you there? 13:

Yes. 13:

Q And do you also see that in each of the dies 13:
110a to 110b associated with the TSvs 112a and 112b, 13:
each of the die has two bidirectional buffers, 10a 13:
and 10b? 13:
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A. | see that for the two masters. | don't see 13:
t he nunbering for the slaves. 13:
Q The masters and sl aves are identical so they 13:
are just discussing |like using 110a and 110b as the 13:
exanpl e. 13:
A Okay. 13:
MR. CHANDLER: Objection. Form And | 13:
guess outside the scope of direct. 13:
BY Ms. ZHONG 13:
Q So if you just read colum 9, lines 52 to 13:
55, and satisfy yourself that the slave and the 13:
master are organi zed the sane. 13:
DEPOSI TI ON REPORTER: M ss Zhong, are you 13:
able to get your phone a little closer to you. 13:
Thank you. 13:
MS. ZHONG  Yeah. 13:
THE W TNESS: It appears that way based on 13:
what | see right now. 13:
BY Ms. ZHONG 13:
Q Okay. So each of the dies 110a and -- to 13:
110b has two -- 13:
DEPQOSI TI ON REPORTER: | need that again,
each of the dies 110a and 110b have. ..
BY Ms. ZHONG
Q Sorry. Each of the dies 110a through 110D, 13:
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D as in dog, has two bidirectional buffers 10a and 13:

10b associated with TSVs 112a and 112b; correct? 13:

DEPCSI TI ON REPORTER: D or B?

MS. ZHONG  B. 13:

MR. CHANDLER: B as in boy. 13:

THE WTNESS: It depends on what you nmean by 13:
"associated with." 13:
BY Ms. ZHONG 13:
Q. So take a | ook at die 110a and the segnment 13:

of TSV112A in 110a. 13:
Are you there? 13:

Yes. 13:

Q It is physically coupled to buffer 10a; is 13:

t hat correct? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: | don't know at the nonment. 13:

There's a -- let's see, dash lines indicate physical 13:
connections which are not used for electrical 13:
coupl i ng. 13:
So, yeah, that appears to be a physical 13:
connection that is not used for an electrical 13:
coupl i ng. 13:

BY Ms. ZHONG:

Q. Okay. So one of the ways that there is no 13:
el ectrical coupling is by basically switching the 13:
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buffer off; correct? According to Ruckerbauer, 13:
colum 10, 2 through 5. 13:
MR. CHANDLER: Objection. Form And also 13:

outside the scope of direct. 13:
THE WTNESS: It mght be. I'mreading this 13:

out of context, but it seens to indicate that one 13:
way of achieving connectivity is to use an enabl ed 13:
signal. It says or by any other appropriate 13:
measur e. 13:
BY Ms. ZHONG 13:
Q. Okay. So one of the ways to turn off the 13:
buffer to decouple electrically, does buffer 10a for 13:
the 112a TSV [indi scernible] -- 13:
(Clarification requested by Reporter.) 13:

BY Ms. ZHONG 13:
Q -- electrically is by disabling the 13:

bi di rectional buffering? 13:
MR. CHANDLER: Objection. Form Also 13:

outside the scope of the direct. 13:
THE W TNESS: \What buffer are we tal king 13:

about ? 13:
BY Ms. ZHONG 13:
Q  10a. 13:

A 10a? 10a is not a buffer. 13:

Q 10a. It is. If you look at colum 9, line 13:
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67. 13:
A. Oh, yes. In this particular enbodinment, it 13:
appears that one of the ways disclosed to decouple 13:
the electrical connection for buffer 10a is through 13:
an enabl e signal. 13:
Q. Okay. So when the buffer -- 13:
A |"m not sure that that's -- |'mnot sure 13:
what the structure of that buffer is. | have to -- 13:
| believe that that is a structure simlar to 13:
Figure 8, but |I'd have to do sone nore anal ysis. 13:
Q. So if the buffer is turned off through a 13:
di sabl e signal, does the TSV 112a experience a |oad 13:
fromthe buffer neverthel ess? 13:
(Clarification requested by Reporter.) 13:
THE WTNESS: So this is a different 13:
configuration than is found in R ho, a different 13:
circuit. 13:
BY Ms. ZHONG
Q Okay. 13:
A And it is a bidirectional buffer, which 13:
means it has both an input and an out put. 13:
Q Okay.
A And, yes, in this particular situation, even 13:
if that particular kind of buffer was disabled, it 13:
woul d still provide a capacitive |load on 112a, if 13:
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the method of disabling -- well, again, it depends 13:
on the structure. It depends on the structure of 13:
the particular buffer circuit. 13:
But it would still probably provide a 13:
significant capacitive load. That's one of the 13:
reasons why Ri ho doesn't use this configuration. It 13:
uses a different one. 13:
Q Under st ood. 13:
And that would be -- your answer would you 13:
say for buffer 10b with respect to TSV 112b; 13:
correct? 13:
MR. CHANDLER: Objection. Form 13:
THE W TNESS: Yes. Understandi ng that 13:
Exhibit 1024 contenplates a variety of different 13:
enbodi ments. |If the enbodi nent were to disable the 13:
tristate buffer directly, it would still provide a 13:
capacitive load. Again, that is why R ho uses a 13:
different configuration. 13:
BY Ms. ZHONG 13:
Q Okay. Would the answer be different if the 13:
di sabl ement is through by switching the buffers to 13:
be used to the supply voltage -- by switching only 13:
the buffers to be used to the supply voltage, that 13:
is --
DEPOSI TI ON REPORTER:  I'm sorry, it's sort
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of unclear. By switching only the buffers to be

used to the supply voltage, that is -- are you
saying tristate? 13:
MR. CHANDLER: | couldn't hear the beginning 13
either, Anita. | think your phone connecti on 13:
i s somehow nore nuffl ed. 13:
M5. ZHONG  You know what. Let ne change 13:
my -- can we just go off the record and I wll 13:
change the piece. 13:
(Of the record.) 13:
BY Ms. ZHONG 13:
Q Dr. Wilfe, let's go back to Figure 5A of 13:
Rucker bauer . 13:
What would -- would the 112a experience a 13:
significant capacitive load if buffer 10a is turned 13:
off by not providing it with supply voltage? 13:
A Agai n, you would need the details of any 13:
particular systemto know the significance, but it 13:
is likely it would. Again, that is why Ri ho uses a 13:
di fferent approach. |I'msorry, Rajan uses a 13:
di fferent approach. 13:
Q Okay. You nean. Ri ho. 13:

A Ri ho, Ri ho, that's right.

Q. Riho is the one with the transm ssion gauge. 13:
A Yeah. 13:
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Q So in Ruckerbauer's configuration, as you 13:
understand, as a POSI TA woul d understand, even if 13:
the buffer 10a and 10b are turned off, it is likely 13:
the TSVs will experience sonme significant capacitive 13:
| oads fromthose buffers; is that right? 13:

A If they are turned off using the sinplest 13:
techni ques. Again, Exhibit 1024 contenpl ates any 13:
ot her appropriate measure and the transm ssion gates 13:
in Riho woul d be another appropriate neasure. 13:

Q Okay. |Is there any indication that the 13:
buffer includes a transm ssion gate? 13:

A. As | said, I"'mnot famliar with the 13:
entirety of this reference. | haven't really relied 13:
on nmuch nore -- | haven't relied on anything other 13:
than Figure 5 so | don't know the answer. 13:

Q Okay. Does Figure 8 show transm ssion 13:
gates? 13:

A. Fromwhat | can tell, Figure 8 shows the 13:
slave units physically not connected. They are 13:
descri bed as floating and the wires on the 13:
ri ght-hand si de appear to not be physically 13:
connected to anyt hing. 13:

Again, |I'mnot sure what the context for 13:

that is. 13:
Q. Okay. But do they show transm ssion gates 13:
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t hough?
MR. CHANDLER: Objection. Form
THE WTNESS: | don't see any from | ooking
at the figure al one, but again, | don't understand
all the context right now.
BY Ms. ZHONG
Q. Okay. Let's look at Figure 5 in steps 1
t hat you say you have relied on.
A Uh- huh.
Q I'ma little bit confused.
How can the TSVs be floating on their own
w t hout any silicons or array dies supporting them

to go through?

A. Because it's a conceptual draw ng, not a
physical drawing. It's just show ng what's
connected. It's not trying to show physically where

the TSVs woul d be | ocat ed.
Q Okay. So it's not show ng that TSVs are
| ocated outside of the -- the dies and floating in

space?

A. No. The TSVs would be through the m ddl e of

the die. This is just an illustration to make it
easier for one to understand which TSVs connect to

whi ch di e.

Q. Okay. And that is also not show ng that the 13:

13:
13:

13:
13:
13:

13:
13:
13:
13:
13:
13:
13:
13:

13:
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TSVs are |l ocated on the edge of the dies. It's just 13:
trying to show like logically which die is connected 13:
to which TSV? 13:
A Right. 1It's logical. [It's not supposed to 13:

be a physically accurate representation. 13:
Q. Okay. That's all | need to know. 13:

And let's go back to Figure 5A. So in 13:

Figure 5A, would you say that each of the TSVs 112a 13:
and 112b are a nultidrop configuration with each of 13:
t he dies? 13:
MR. CHANDLER: Object to form 13:

THE W TNESS: Again, |I'mnot conpletely 13:

famliar with this disclosure, but fromwhat | can 13:
see in the figure, it appears that they are. 13:
Al t hough, obviously, there -- there's sonething -- 13:
there are things that aren't shown in this figure as 13:
wel | . 13:
BY Ms. ZHONG 13:
Q Understood. As shown, |'m just talking 13:
about the portion that's shown in the figure. 13:
O let nme put it this way. Based on your 13:

review and your know edge, is it your opinion that 13:
it appears that 112a and 112b are each in 13:
conmuni cation with each of the array dies; is that 13:
right? 13:
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A. Oh, no. That's -- 13:

MR. CHANDLER: Object to form 13:

THE WTNESS: -- certainly not the case. | 13:

mean, it's very clear that that's not true. 13:

BY Ms. ZHONG 13:

Q. Each of the 112a -- let's just |ook at 112a. 13:

112a is experiencing electrical capacitive 13:

| oads from 10a in each of the dies; correct? 13:

MR. CHANDLER: Objection. Form 13:

THE WTNESS: As | said, everything 13:

experiences a capacitive load with everything el se 13:

in the universe, so that would al ways be -- 13:
BY Ms. ZHONG

Q Ckay. And 1l12a is experiencing a 13:

significant load frombuffer 10a in each of the 13:

load; is that right? 13:

MR. CHANDLER: Object to form 13:

THE WTNESS: It would depend on what 13:

enbodi nent. Again, the main teaching here is that 13:

we're taught that the dashed |ines are not used for 13:

el ectrical coupling. So | would read that to 13:

understand that there is no electrical conmmunication 13:

al ong the dashed I|i nes. 13:

BY Ms. ZHONG 13:

Q. Okay. VWhat is your understandi ng of whether 13:
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there is electrical comunication or not? 13:
A In general, when signals are being 13:
conmmuni cated from one place to another electrically 13:
t hrough a voltage or a current. 13:
Q. Okay. So let's say there is a driver 13:
connected to the TSV, and the driver is disabled 13:
such that the signals fromthe nmenory array is not 13:
being driven fromthe TSV. 13:
In your opinion, is there electrical 13:

conmuni cati on between the TSV and the nenory array? 13:
MR. CHANDLER: Objection. Form 13:

THE W TNESS: Again, we'd have to | ook at 13:

specific situations. But in both of -- both in the 13:
Ri ho reference and in the Ruckerbauer reference, 13:
they are both very explicit that the point of the 13:
configuration is to elimnate the electrical 13:
conmuni cation with some of the die while supporting 13:
the el ectrical comrunication with other die. 13:
BY Ms. ZHONG 13:
Q Okay. Let nme -- can you please refresh your 13:
Exhi bit Share. And |ooking at Exhibit 2101, which 13:
is an | EEE paper. 13:
MR. CHANDLER: | will need a noment, but I 13:

will let you know when | have it. 13:

M5. ZHONG  Yep. So, it's an | EEE paper, a 13:
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conference paper, with the title "A 1.2V 64CGh 341 13:
GB/s HBM2 St acked DRAM with Spiral Point-to-Point 13:
TSV Structure and | nproved Bank Group Data Control ™ 13:
by SK Hyni x. 13:
MR. CHANDLER: Annita, | have got a question 13:

for you. 1Is it any different from Exhibit 2007 that 13:
you al ready nmarked? 13:
MS. ZHONG  Maybe not. 13:

MR. CHANDLER: |If not, it mght be easier to 13:

stick with Exhibit 2007. 13:
MS. ZHONG  Okay. Yeah. |It's the sane 13:

paper. So if you can just go to the second page, 13:
Exhibit 12.3.1. 13:
THE W TNESS: COkay. 13:

BY Ms. ZHONG 13:
Q Okay. Do you see the proposed spiral 13:
configuration? 13:
A. | see it. | haven't read the paper, but I 13:

see it. 13:
Q Okay. And do you see that there are six 13:
core dies plus a base die in that configuration? 13:

MR. CHANDLER: Objection. Qutside the scope

of direct. 13:
THE W TNESS: That's what the | abels say. 13:

Again, | haven't read the paper. 13:
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BY Ms. ZHONG:

Q. Okay. And do you see the nine purple 13:

hi ghli ghted cylinders that fornms a spiral kind of a 13:
pat hway? 13:
MR. CHANDLER: Object to form CQutside the 13:

di rect. 13:
THE WTNESS: | do. One of themis faded 13:

and, again, wthout reading the specifications, | 13:
don't know what the |ines nean. 13:
BY Ms. ZHONG 13:
Q. Okay. So why don't we start fromthe first 13:

one at the bottom for the base die. 13:
Do you see that one is connected to a set of 13:

receiver and driver? 13:
MR. CHANDLER: Objection. CQutside the scope 13:

of direct. 13
THE W TNESS: Again, | haven't -- haven't 13:

read it, so | don't know what it says about that 13:
dr awi ng. 13
BY Ms. ZHONG 13
Q What ' s your understanding of those synmbols? 13:

MR. CHANDLER: Objection. CQutside the scope 13:

of the direct. 13
THE W TNESS: W thout reading the paper, 13:

t hey appear to be a bidirectional driver. 13:
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BY Ms. ZHONG 13:
Q. Okay. So the bottomcylinder, or like the 13:

TSV segnent, is connected to a bidirectional driver 13:
as a POSI TA woul d understand, right, with those 13:
el ectrical synbols -- 13:
A So this is a 2018 paper. You' re asking ne 13:
what a POSI TA woul d understand in 20187 13:
Q Yes. 13:

MR. CHANDLER: And, Annita, just to be 13:

clear, given that this Exhibit 2101 is the sanme as 13:
2007, we have the sane objections that we already 13:
filed as to 2007. We have those to 2101 as well. 13:
M5. ZHONG  That's fine. 13:

BY Ms. ZHONG 13:
Q So the first TSV segnent in the base is 13:
connected to a bidirectional driver; correct? 13:
A. | don't know. As |I'mreading the paper, it 13:
doesn't seemto identify exactly what those things 13:
are at all. One mght use that synbol for a 13:
bi di rectional driver. 13:
Q You agree that those will be typically 13:
understood as drivers; right? 13:
MR. CHANDLER: Objection. CQutside the scope 13:

of direct. 13:
THE WTNESS: It really depends on context. 13:
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BY Ms. ZHONG 13:
Q. So you nean that synbol could nmean different 13:
things in 2010 than in 2018? 13:
A No. It can nmean different things in 13:
different drawings, in different papers and subject 13:
matters. It very well could be a bidirectional 13:
driver. 13:
Q Okay. So if the TSV is connected to 13:

the bidirectional driver in the base, then let's 13:
nove up to the second TSV segment correspondi ng 13:
to the core O. 13:
Assum ng that there are no drivers connected 13:

to that segnent of the TSV, can that TSV be in 13:
comruni cation with core die 07? 13:
MR. CHANDLER: Objection. Form and outside 13:

t he scope of direct. 13:
THE WTNESS: |I'mnot followng you at all. 13:

On the left-hand drawing, | don't see the dies 13:
| abel ed with nanes and | also don't see a driver 13:
that's not connected. 13:
BY Ms. ZHONG 13:
Q " mtal ki ng about the one in the proposed 13:
spiral P2P. 13:
MR. CHANDLER: Sane obj ection. 13:

Il 13:
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BY Ms. ZHONG 13:
Q. So the segnent, the purple segnment in the 13:
second segnent, that's in the core 0 die. 13:
Do you see that one? 13:

A VWi ch one are you calling the "second 13:
segment " ? 13:
Q. Okay. Let nme see that | can share the 13:
screen. 13:
Can you see ny screen now? 13:

A | can, but | can't see the text right nowif 13:

you are sharing the screen. Ckay. 13:
Q So here is the one -- here is a segnent that 13:

has a bidirectional driver and that's in the base 13:

now. And now let's ook at this one.
DEPOSI TI ON REPORTER: | need clarification.
And that's in the. ..

BY M5. ZHONG:

Q In the core -- let me withdraw and ask. 13:

Do you see the TSV segnent that |'m pointing 13:

to that's in the core 0 die? 13:
A. The purple one? 13:

Q Yes. 13:

A | see it. 13:

Q. Okay. So this one doesn't have any drivers 13:
connected to it; correct? 13:
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MR. CHANDLER: Objection. Form and outside 13:

t he scope of direct. 13:
BY Ms. ZHONG 13:
Q At | east as drawn. 13:

MR. CHANDLER: Sane obj ecti on. 13:

THE W TNESS: Again, | don't understand all 13:

the context of this drawing, but if the purple is 13:
intended to be wiring, then the |lower drivers woul d 13:
be connected to that segnent. 13:
BY Ms. ZHONG 13:
Q. Okay. But this one is not connected to any 13:
drivers in the core O die; correct? 13:
MR. CHANDLER: Object to form and outside 13:

t he scope of direct. 13:
THE WTNESS: | don't know if it is or 13:

isn"t. | don't see it being illustrated that way -- 13:
BY Ms. ZHONG 13
Q. Okay. 13

A -- in this particular draw ng. 13

Q Okay. So if it's not illustrated, it's not 13
there, and if this TSV segnent does not have a 13
driver in the core 0 die, can it conmunicate with 13
core O die neverthel ess? 13
MR. CHANDLER: Objection to form and outside 13

the scope of direct. 13
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THE WTNESS: | don't have nearly enough 13:

i nformation right now to answer that question. 13:
BY Ms. ZHONG 13:
Q. Can any signals be transferred froma nmenory 13:
cell to this array drive if there are no drivers 13:
connecting the two together? 13:
MR. CHANDLER: Objection to form and outside 13:

t he scope of direct. 13:
THE W TNESS: Agai n, based on what | know 13:

right now, | don't even know if or where there is a 13:
menmory die here, and | don't know what else is 13:
connected, so | don't have nearly enough information 13:
to answer that. 13:
BY Ms. ZHONG 13:
Q Ckay. Each of the core die is a nenory die. 13:

A. Where does it say that? 13:

Q Just take ny representation that each of the 13:
core die is a DRAM di e. 13:
So if this TSV segnent doesn't have a driver 13:
associated with it, is it still in conmunication 13:
with the core 0 die? 13:
MR. CHANDLER: Objection. Form and outside 13:

the scope of direct. 13:
THE WTNESS: It could be. | would need 13:

nore i nformtion. 13:
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BY Ms. ZHONG 13:
Q When would it be in communication with the 13:
core O die? 13:
A I would have to | ook at exactly what it is 13:
connected to and how it communi cates. There is very 13
little information here. 13:
Q. It's not connected to any drivers. |It's 13:
basically just a pass-through segnment, just acting 13:
as a wire. 13:
A Again, it would depend on the specifics. If 13
it's not connected through any type of coupling or 13
anything on the die, then | don't think it can 13:
communi cate with anything on the die, but that's a 13:
huge assunption to make based on what | see here. 13:
Q If the only thing it connects to on the die 13:
is a dummy pad, is it in conmunication with that
di e?
MR. CHANDLER: Object to form And
outsi de --
DEPOSI TI ON REPORTER:  I'm sorry. | need the
end of that question. The only thing it connects
to...
M5. ZHONG Is a dumy pad. D-u-mmy,
dunmy.
THE W TNESS: Again, | -- you know, | don't 13:
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know t hat you are giving nme an accurate 13:

representation here. You know, | would want to | ook 13:

at a circuit before I knew the difference. 13:
BY Ms. ZHONG

Q. Okay. So let's go back to Ruckerbauer, |ook 13:

at 112a and die 110a. 13:

A I n which Figure? 13:

Q Fi gure 5A. 13:

A. Okay. 13:

Q If there isn't even an electrical connect -- 13:

a physical connection between 10a and 112a, is 112a 13:

in electrical communication with die 110a? 13:

MR. CHANDLER: Objection. Form 13:

THE W TNESS: Ruckerbauer tells us that it 13:

is not. Ruckerbauer tells us that the things that 13:

he's represented with a dotted |ine are not an 13:

el ectrical communication, so we don't need to go 13:

past that. 13:

BY Ms. ZHONG 13:

Q And what about 112b and 10b, if there is no 13:

electrical -- there's no -- that solid line is not 13:

there, is there electrical conmunication between 13:

112b and 110a? 13:

MR. CHANDLER: Objection. Form 13:

THE WTNESS: |[If the solid Iine was not 13:
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t here? 13:
BY Ms. ZHONG 13:
Q Yes. 13:

A | guess you wouldn't know for sure. | guess 13

if there was no other connection, then probably not. 13
Q What ot her connections can there be? 13:

A | don't know. | nean, again, 13:
you're nodi fying the design. Ruckerbauer has told 13:
us that they are connected over that solid line, so 13:
he doesn't have to tell us one way or another 13:
whet her or not there are other connections because 13:
it's irrelevant. 13:
Q Rucker bauer also didn't say other than the 13:
dashed |ine, there are no connections between 110a 13:
and 112a; correct? 13:
MR. CHANDLER: Objection. Form 13:

THE W TNESS: Ruckerbauer told us that the 13

solid line inis that they are connected in his 13
desi gn. 13
BY Ms. ZHONG 13
Q And the dashed |ine neans they are 13
physi cally connected but not electrically coupled; 13
correct? 13
A. Correct. In Figure 5A that is the case. 13

Q. Okay. And what does "electrically coupled" 13
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mean? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: In this context in 13:

Rucker bauer, it means capable of reliably 13:
conmuni cating signals fromone place to another. 13:
BY Ms. ZHONG 13:
Q. So if there is a physical wire between 112a 13:

and the buffer, there will be electrical waves 13:
traveling between those two parts; right? It could 13:
be signals that's being driven along 112a that gets 13:
side channeled into 10a and is bei ng bounced back. 13:
Woul dn't that happen? 13:
MR. CHANDLER: Objection to form 13:

THE W TNESS: Except that Ruckerbauer tells 13:

us that it doesn't. So, clearly, it is not used for 13:
el ectrical coupling. Could there be a tiny stub of 13:
wire or sonething? Maybe, but Ruckerbauer tells us 13:
to disregard it. 13:
BY Ms. ZHONG 13:
Q What do you nean by "stub wire"? 13:

A. It's not enough to electrically couple in 13:

a -- in a functional way. He tells us that it is 13:
not electrically coupled. 1It's very clear. 13:
Q. What is a stub wire? 13:

A. A stub wire would be a little piece of wire 13:
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that's not connected to anything or not functionally

connect ed.
Q Why woul d soneone use a stub wire?

MR. CHANDLER: Objection. Form

THE W TNESS: There are vari ous reasons.

could just be an artifact of disconnecting

sonething, right. In other words, if you have a

wire that connects two things and you cut it, you

may still have a little piece of the wire there,

it's not perform ng a connection function anynore.

BY Ms. ZHONG
Q Ckay. |Is a dumy pad a stub wire?
MR. CHANDLER: Objection. Form And
out si de the scope of direct.

THE W TNESS: Again, | don't know what

mean by "dummy pad," but | wouldn't -- | wouldn't

normal |y characterize it that way.
BY MS. ZHONG
Q But unless 10a has a transm ssion gate,
if 10a is disabled, TSV 112a is still going to
experience a significant load from 10a; is that
right?
MR. CHANDLER: Objection. Form

THE W TNESS: It could be the case,

dependi ng on the particul ar geonmetry. Again, that's

13:
13:
13:
13:
13:
13:

13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
13:
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why Ri ho does it differently. 14:
BY Ms. ZHONG 14:
Q Well, if he uses a circuit shown in 14:
Figure 8B, would the TSV 112a experience a 14.
significant load from 10a even when it's turned off? 14
MR. CHANDLER: Objection. Form 14

THE WTNESS: | haven't done a detailed 14

anal ysis. | never suggested that anyone use the 14
circuit for 5A in any of the conbinations that | put 14:
forth in the | PR 14:
BY Ms. ZHONG 14:
Q Ckay. So you're not suggesting anyone 14:
modi fying Kim Kims TSV connection in |ight of 14:
Fi gure 5A of Ruckerbauer; is that correct? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: No. | don't think I've ever 14:
suggested that anyone use Figure 5A in Ruckerbauer 14:
to nodify Kim 14:
BY Ms. ZHONG 14:
Q Okay. Can you pull up Wnman, which I 14:
believe is Exhibit 1017. 14:
A Okay. 14:

Q Can you pl ease take a | ook at Figure 8 and 14.
Figure 5, and the associated disclosure. 14
A Okay. |I'mpretty famliar with this. 14:
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Q Okay. So in Wman for the different 14:
segments shown in Figures 8A through 8B, are they 14:
all using the sanme driver circuit 500 shown in 14.
Fi gure 5? 14.

A They can all use that circuit, but Wman 14.
suggests that it m ght be nost appropriate to 14.
connect figure -- the various stub figures in 14.
Figure 8 to a circuit 500 in different ways. 14.

Q. Wman i s suggesting to connect the TSVs to 14.
different paths of the circuits Figure 5 -- in 14.
Figure 5; isn't that correct? 14.

MR. CHANDLER: Objection. Form 14:

THE WTNESS: It's different taps in this 14:
particul ar exanple. |If you read nore broadly, Wman 14:
suggests that one would anal yze the | oad necessary 14:
for any particular wiring configuration and sel ect 14:
one or nore taps to connect to. 14
BY Ms. ZHONG 14:

Q Ckay. So is it a single Figure 5 driver 14:
that's connected to all four, or is each one of the 14:
tap is connected to a separate driver circuity as 14:
shown in Figure 5? 14:

MR. CHANDLER: Obj ecti on. Form And, 14:

Annita, it's a little unclear if you are saying
"paths," p-a-t-h-s, or "taps," t-a-p-s. The two of 14
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you have been using both of those words in your 14.

guesti ons and answers. 14:

MS. ZHONG Let nme see. |'mtalking about 14:

t-a-p, t-a-p-s. 14:

MR. CHANDLER: Ckay.

DEPCSI TI ON REPORTER:  And, M. Wl fe, were 14:

you saying p-a-p or t-a-p? 14:

THE WTNESS: T-a-p, as in tap a keg of 14.

beer. 14:
MS. ZHONG  Yeah, |'mtal king about t-a-p as

wel |, not p-a-p. 14.

MR. CHANDLER: And I -- | was wondering if 14:

anyone was sayi ng paths, p-a-t-h-s. 14:

MS. ZHONG. No. No. Sorry. 14

THE W TNESS: So to answer your questi on, 14

there is a conplete range of enbodi nents that are 14:

described in Wnman. And in particular, if you 14:

conbine Figure 5 with colum 5, lines 26 through 33, 14:

what it explains is that you could have one driver 14:

with one tap, one driver with nmultiple taps, or 14:

multiple drivers for one tap, and that those are all 14:

bei ng di scl osed. 14

BY Ms. ZHONG 14:

Q. Okay. But the circuit is the sane. |If the 14:

circuit is through the driver 500, where's the four 14
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drive circuits but with different taps; correct? 14.
MR. CHANDLER: Obj ecti on. 14:

BY Ms. ZHONG 14:
Q. It is just that, for exanple, for the TSV 14.
shown in Figure 8A, Wman i s suggesting that it's 14.
connected to either tap TO or tap T1; isn't that 14.
correct? 14:
MR. CHANDLER: Obj ecti on. 14.

THE WTNESS: No. | disagree with both 14.

parts of it. 14.
BY Ms. ZHONG 14:
Q Ckay. 14:

A. One, the suggestions also include taps T2 14:

and taps T3 for the particular exanple in Figure 8, 14:
but also the taps that | identified previously 14:
expl ains that Figure 5 can be enbodi ed or 14:
i npl enented in many different ways, including one 14:
driver supporting multiple taps, one driver 14
supporting one tap, or multiple drivers supporting 14:
each tap. So all of those are contenpl ated by 14:
W man. 14:
Q Okay. But when the circuit -- what is a 14
driver that's being provided to, for exanple, 14.
Figure 8A tap? Is it an entire 500, |ike the driver 14:
portion shown in 500, or it's only a portion of that 14:
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circuit that's being provided? 14.
A Agai n, understandi ng that there are many 14:
variations disclosed of circuit 500, the particul ar 14.
exanmpl es indicate that you can use the taps 14.
i ndependently, or you can provide a separate copy of 14:
circuit 500 for each thing that needs to be driven 14.
after you analyze the current requirenents. 14.
And there are a number of exanples given 14.

where you can use just a portion of the total 14.
current and you can di sabl e other portions of 500, 14.
or you can aggregate taps to get a larger current, 14:
or you can supply portions of the current to 14:
different wiring networks if they both need to see 14:
t he sane signal. 14:
Q Ckay. But the circuit size for the 500, 14:
that is set; right? The silicon -- the space it 14:
occupies on the silicon, that is the sanme regardl ess 14:
of which path you happen to be using or which of the 14:
mul ti pl e conbi nation taps you will be using; right? 14:
MR. CHANDLER: Objection to form 14:

BY Ms. ZHONG 14:
Q It is still going to take the entire space 14

for the 500, isn't it? 14:
MR. CHANDLER: Obj ecti on. 14:

THE W TNESS: Yes. But there's also the 14:
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teaching in Wman that you can nmake 500 at vari ous 14
different sizes based on how you want to bal ance out 14:
the currents and how your analysis indicates that 14.
the currents are to be used. 14:
So the teaching of Wman teaches you how to 14:

make 500 in many different sizes based on what any 14.
particul ar net uses. 14.
BY Ms. ZHONG 14:
Q. So how is that different than, say, | make 14.
many different driver circuits for different |oads? 14.
A It's a minor inmprovenent. \What this says 14.
essentially is that you can change the capability 14:
over time. So, for exanple, one could connect taps 14:
T2 and T3 together, and then enable T2 or T3 or both 14:
i f somehow you had different current requirenents at 14:
different tines. 14:
Also, this is not limted to a hardw red 14:

system It is contenplated that you could change 14:
fromone tap to another in a reasonably easy way. 14:
And al so, there is kind of -- there's a 14:

teaching here that perhaps you may want to just 14:
build this circuit at an estinmted size and then 14:
make a decision later as to which tap to use after 14.
you have done sonme nore analysis. So all those 14
t eachi ngs are present. 14
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Q Okay. But in order to do that, you have to 14
have all the -- all the possible conbinations there; 14:
right? 14.

So, for exanple, if you want to accommodate 14:

a range of the load -- a range of possible |oads, 14.
then you need to have all four of the drivers in 500 14:
there. You can't just build three of them and hope 14.
t hat sonehow you will be able to accommpdate a | oad 14.
that requires four taps; correct? 14.
MR. CHANDLER: Objection. Form 14.

THE W TNESS: That is correct for a 14:
particular wire. But there is a clear teaching that 14:
you can nmake a determ nation for one wire that you 14:
m ght require two taps, like Figure 3, and for 14:
another wire, you mght require a three-buffer 14:
system|like Figure 4, and for another wire, you 14:
m ght require a systemlike Figure 5 and even 14
within each of those, you can nake themin different 14:
Si zes. 14:
So for different wires, there's a teaching 14:

that you can have different sized drivers wthin. 14:
There is also a teaching as to how to determ ne what 14:
to choose, and certainly to the extent that the 14.
claimonly requires that you have a different 14
current capability, that's disclosed even within an 14
Page 131

112

12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
14
14

14

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 131




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

al ready inpl emented version of 500. 14.
So all those things are taught. Again, as 14:

you nentioned, everywhere in the prior art, it was 14.
known to be able to select the proper size driver 14.
for a particular current |oad. That part in itself 14.
was not new. 14:
BY Ms. ZHONG 14:
Q Okay. So if you have two driver circuits as 14:
shown in Figure 5, one uses only taps 0 through 2, 14
and the other uses all four of the drivers, do they 14
take up the sanme or different silicon space? 14.
MR. CHANDLER: Objection. Form 14:

THE WTNESS: |If you were to nmake up that -- 14:

make that choice, they would use the sane silicon 14:
space. But, of course, if you used any commpbnsense 14:
and you were only -- and you knew you were only 14:
going to use TO, T1 and T2, you could instead 14:
i npl ement Figure 4, which would use less silicon 14
space. 14:
BY Ms. ZHONG 14:
Q Okay. But if you inplenent, say, Figure 5,  14:
even if you use only a subset of the drivers shown 14
here, would the size of the driver portion 500 14:
differ or they would remain the sanme? 14
MR. CHANDLER: Objection. Form 14:

Page 132

14

14

14

14

14

14

14

14

114

114

14

15

15

15

15

15

15

15

15

15

15

15

15

15

15

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 132




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

THE W TNESS: The physical size doesn't 14:

depend on how many taps you use. But as | 14.
menti oned, there are many teachi ngs about how many 14.
taps you inplenment and the size of the individual 14.
t aps. 14:
BY Ms. ZHONG 14:
Q. Okay. That's what I'mtrying to understand. 14:

So once you have inplenented the circuit 14.

shown on 500, the size of the driver doesn't really 14.
change based on the nunmber of taps you use; is that 14.
correct? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: | think that's correct. But, 14:

again, you -- because you' ve already established the 14:
size. |It's because you've already chosen a size. | 14:
think that that would be true of any circuit is, 14:
after you decide what size it should be and build 14:
it, then the size just doesn't change. But the size 14:
has still been cal cul ated based on the | oad. 14:
BY Ms. ZHONG 14:
Q Okay. | understand where you're com ng 14:
from | just want to confirmthat once you have 14:
built a four-driver circuit as shown in Figure 5, 14:
the size of the driver circuit doesn't really change 14:
based on whet her you choose one of the drivers, two 14
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of the drivers, or all the drivers were used; is 14:

t hat correct? 14:

MR. CHANDLER: Objection. Form 14.

THE W TNESS: Once you inplenment it in 14.

silicon, the size of the driver has al ready been 14.

sel ected and will not change. 14.

BY Ms. ZHONG 14:

Q Okay. 14:

A. But the current output could change. 14.

Q Understood. So if you -- 14.
DEPCSI TI ON REPORTER: Clarification. D d

you say "could change" or "would change"? 14:

THE W TNESS: Coul d change. 14:

BY Ms. ZHONG 14:

Q So if you want to change the size of the 14:

driver, you cannot do so by programm ng the driver 14:

circuitry by selecting a subset of the active 14:

transi stors that were used; is that right? 14:

A. There is a little bit of a judgnent call 14:

there in terms of semantics. Right. So there 14:

definitely are programmble drivers. They were 14:

known wel| before this. 14:

Q Okay. 14:

A. The size of the driver being used changes, 14

as it does in Figure 5. 14:
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Q Okay. Uh-huh. 14.

A But not the size that the total circuit 14:
takes up on the silicon. Right. So it's very 14.
conmon to use not only this design, but also to use 14.
desi gns where you had nmultiple transistors in 14.
parallel. And then if you went from using four 14.
transi stors, eight transistors, it would be very 14.
conmon there to say that the size of the driver had 14.
changed because - - 14.
Q Okay. 14.

A -- the amount of silicon that's driving has 14:
changed, but the physical space at the eight 14:
transistors, or in this case, these would be four 14:
transi stors each, so the sixteen transistors take up 14:
doesn't change. 14:
So the physical space of the entire circuit 14:

doesn't change after you've built it, but the 14:
portion of it that is being used as a driver can 14
change. 14:
Q Okay. So the silicon space doesn't change, 14:

but the portion that you use may change in the 14:
programmabl e driver; is that right? 14
MR. CHANDLER: Objection. Form 14:

THE W TNESS: The silicon used by all the 14:

transi stors doesn't change after it's been built, 14
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but the portion of that silicon that's being used as 14:
a driver can, in sone cases, be programed during 14.
use. And that is true both in the previous 14.
technol ogies and in the Wman technol ogy. 14.
BY Ms. ZHONG 14:
Q. Okay. So in order to reduce the silicon 14.
space, basically, you do have to nake sure to know 14.
i ke what would be the maxi num | oad you can expect 14.
to drive and choose the appropriate size; is that 14.
ri ght? 14.
MR. CHANDLER: Objection. Form 14.

THE WTNESS: |If you want to optim ze the 14:

silicon space that's used, you would need to -- in 14:
t he sinplest cases, you would need to know t he | oad 14:
at the tine that you chose the transistors. 14:
There are very -- there are nore conplicated 14:

desi gns where you could have a whol e bunch of 14:
transi stors and you could allocate them at runtine 14:
into a group of drivers, but that's a little bit 14:
fancier than what's discl osed here. 14:
BY Ms. ZHONG 14:
Q So the advantage of Weiman's approach than 14:

the traditional approach is that it offers a little 14.
bit nore design tolerance; is that right? 14:
MR. CHANDLER: Objection. Form 14:
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THE WTNESS: It's not clear to ne that 14:
there is an advantage of Wman over the traditional 14.
approaches. 14.
BY Ms. ZHONG 14:
Q Okay. 14:
A It's slightly different, but | don't know 14.
that it's better. Also, if you |look at Figures 10, 14.
11 and 12 of Wman, those basically are the 14.
traditional approach. 14.
Q So how does Wnan differ fromthe 14.
traditi onal approach then? 14.
A. In Figures 3, 4 and 5, he uses this serial 14:
architecture as opposed to the parallel architecture 14:
that's shown in Figures 10, 11 and 12. 14:
Q Ckay. 14:
A. They both work. Again, | didn't rely on 14:
Wman as being a substantial inprovenent over the 14:
prior art, sinply as sonething that teaches how to 14
size buffers. 14:
Q Does relying on Wnman teach you about the 14:
correl ation between the |oad size and the driver 14:
size; is that right? 14:
A Yes, and how to take that into account -- 14:

Q. [ I ndiscernible - sinmultaneous talking.]
A -- it is required by the claim | also 14:
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relied on Wman to show that nultiple drivers can be 14
used for a single output. 14.
Q When you say "nultiple drivers can be used,” 14:
what do you nean? 14.
A You can connect two or nore drivers to drive 14:

a single TSV. 14.
Q. But 500 is a single driver circuit. 14.

A It's a single driver circuit, but it's 14.
conprised of nmultiple drivers, and Wnan clearly 14.
says that taps can be conbined. It also says that 14.
any one tap can have multiple drivers, and that's 14.
shown in Figures 10, Figures 11 and Figures 12. 14:
Q And to which claimlimtation is that 14:

rel evant ? 14:
A. | think probably none of them but -- you 14:

did not make the '160 patent an exhibit, but | have 14:
it here. 14:
So Claim1l of the '160 patent says a first 14:

data conduit including first driver, each having a 14:
first driver size. 14:
In the overall context of the clains, it's 14:

not clear to me that that really needs -- was 14
intended to be plural, but to the extent that it was 14:
intended to be plural, that's disclosed by Wman. 14
Q. So you are saying that soneone can use, say, 14:
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circuit 500 with nmultiple drivers in connection with 14:
driving the TSV? 14:
A. Yes. And it says that right in Wmn. 14.

Q. Okay. Are you aware of any designs in which 14:

the driver size are the sanme regardless of the node? 14:
MR. CHANDLER: Objection. Form 14.

THE W TNESS: Overall, there are designs 14.

li ke that, but they're not very good designs. 14.
BY Ms. ZHONG 14:
Q When woul d peopl e use such design? 14.

MR. CHANDLER: Objection. Objection to 14.

form 14:
THE W TNESS: They woul d use it when they 14:

don't have the technology to choose the driver size, 14:
or when they don't have the technol ogy to control 14:
the loads, or if they' re doing sonething that's so 14:
quick and dirty that they just don't care how well 14:
it operates as long as it does sonething. 14:
BY Ms. ZHONG 14:
Q Woul d you use driver size of different sizes 14:

if the | oads are about the sanme? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: It depends what you nean 14.

"about the sanme." 14:
If you have the ability to adjust for any 14
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variation in the | oads, such as m ght happen from 14:
manuf acturing variations, if you have the ability to 14:
do that, it would certainly be a good idea to try. 14.
BY Ms. ZHONG 14:
Q So if the | oads on each of the TSVs are die 14:

i nterconnects, are the designs the sanme but due to 14.
manuf acturi ng variances there are differences, would 14:
you design a drive circuit with different driver 14.
sizes or the same driver size? 14:
A To the extent that you can predict the 14.
vari ations, you would -- you would make those 14.
changes at design tinme. Oherw se, you would make 14:
the adjustnments at runtime probably in the way that 14:
| described before, where you nodify the effective 14:
size of the driver by changing the nunber of 14:
transistors that participate. 14:
Q Is it easy to predict what would be the 14:
variances on | oads on TSVs at design stage? 14:
A Sometimes it is, and sonmetines it is not. 14:

Q And when is it easy to do that? 14:

A VWhen you have nodel s of manufacturing 14:
variance or whether -- when there are geonetric 14:
di fferences, those kinds of situations. 14:
Q. When they are symmetric, is it easy -- 14

A. When they are symmetric, then you would 14
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probably try to determ ne whether or not your 14.
manuf acturing capabilities are also symretric. 14.
Often they're not. 14.
Q. Yes. (Okay. 14.

A But if you were predicting that everything 14.
woul d end up perfect and then it didn't, then you 14.
woul d need sone way to make a post manufacturing 14.
adj ust nent . 14.
Q In those situations, doesn't it make sense 14:

to incur the additional cost to size the drivers 14:
differently? 14.
A. l"msorry. | don't understand the question. 14:

| proposed a situation where you're -- predicted 14:
that the | oads would be identical, so | don't know 14:
what woul d size the drivers differently in advance. 14:
But if, as is normal, you had a 14:

manuf acturi ng process that induced variations, then 14:
you woul d adjust the driver size and current 14:
capability after you characterized the manufactured 14:
chi p. 14:
Q So you basically have to have programmbl e 14:
drivers then in that case? 14:
A. It depends on what you nean by 14.
"programmble.” You would have to have an 14
adj ust abl e one. But sonetinmes those adjustnents 14
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are made with |asers or other post-manufacturing 14:
t echni ques. 14:
Q Do you need to have those adjustnents or 14.
can you just go with the design's driver size? 14.
A It depends what |evel of quality you're 14.
trying to achieve. 14.
Q. The nornmal DRAM nmass nmanufacturing quality? 14:
DEPCSI TI ON REPORTER:  |I'm sorry, M ss Zhong,
t he normal ..
MR. CHANDLER: Objection. Form
MS. ZHONG  DRAM nmss production quality. 14.
MR. CHANDLER: Sanme obj ecti on. 14:
THE W TNESS: Historically, there's always 14:
been at | east sonme of the DRAMthat are at the 14:
| eadi ng edge of speed capabilities, and those are 14:
the nost valuable. So certainly, there would be 14:
motivations to adjust driver sizes. That 14:
acconpl i shes a nunber of things, and not only does 14:
it optimze speed and power, but it also mnimzes 14:
t he amount of el ectromagnetic interference 14:
em ssions, which are a big deal to conputer system 14:
manuf acturers. 14:
BY Ms. ZHONG 14:
Q Are you talking of the drivers on the DRAM  14:
di es thenselves or on the interface die? 14:
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A Ei t her/or bot h. 14:
Q. Have you designed -- have you been involved 14:
in the design of adjusting the drivers in such 14.
situations? 14:
A Yes. Definitely for menory controllers, | 14.
have. 14
Q. So that's for nenory controllers. |'m 14.
tal ki ng about menory thensel ves. 14.
A. Well, they are connected to the sane wires 14.
so they're adjusted for the same reasons. For the 14.
nmenori es thenmsel ves, no, | have not designed 14.
commerci al nmenory chips nyself -- 14:
Q Ckay.
A. -- | have seen them desi gned, but | haven't 14:
desi gned them nysel f. 14:
Q So if you already made an adjustnent on the 14:
menory controller side, why do you need to nake 14:
further adjustnment on the nenory device's side? 14:
A. Because they each control the communications 14:
in one direction. Ideally, you would want themto 14:
be both controlled and both matched. 14:
Q So the nmenory controller controls the wite 14:
direction and the nmenory device controls the read 14
direction? 14
A From t he perspective of controlling the 14
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characteristics of the signals that are communi cated 14:
in that direction. Obviously, the nenory controller 14:
is overall in control, but each individual chip has 14.
control over the characteristics of the signal that 14.
it drives onto the menory conmuni cati on bus. 14.
M5. ZHONG Can we take a 10-m nute break? 14:

MR. CHANDLER: Sure. 14:
DEPCSI TI ON REPORTER: We are off the record. 14:

(OFf the record.) 14.

BY Ms. ZHONG 14:
Q. Dr. Wlfe, do you mnd pulling up 14.
Exhibit 1016, Ri ho again. 14:
A. 10167 14:

Q Yes. 1016, Ri ho. 14:

A. Ckay. 14:

Q Ckay. Figure 5, please. 14:

A. Yes. 14:

Q So you described the switch circuits sa and 14:

sb as conprising transm ssion gates; correct? 14:
A Yes. You can see those in Figure 6C, for 14:
exanpl e. 14:
Q Okay. \What are "transm ssion gates"? Are 14

t hey made up of transistors? 14.
A Yes. In this particular technology, as | 14:
menti oned, you can see one in Figure 6C, and it's 14
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conprised of a PMOS transi stor and an NMOS 14: 59

transi stor connected drain to source with each 14: 59
ot her, and the appropriate control circuits to 14: 59
control their gates. 14:59

Q And | think we discussed earlier that 14: 59
transm ssion gates will be sized according to the 15: 00

desired current of the associated driver circuit; is 15:00

that right? 15: 00

MR. CHANDLER: Object to form 15: 00

THE W TNESS: They woul d be appropriately 15: 00

sized to support the necessary currents. Otentinmes 15:00

that is sinply the m ninum si ze. 15: 00
BY Ms. ZHONG 15: 00

Q Ckay. So if the driver circuit to the 15: 00
right of the transm ssion gate you need, say, 15: 00
10 transistors in order to drive the appropriate 15: 00

current or the desired current, don't you al so need, 15:00

say, 10 transistors in the transm ssion gate in 15: 00
order to drive that current onto the TSV? 15: 01
MR. CHANDLER: Objection to form 15: 01

THE W TNESS: Not necessarily. The nunber 15: 01

of transistors may be irrel evant. 15: 01

BY Ms. ZHONG 15: 01

Q Okay. But they will have simlar size as a 15:01

driver size in the L1C2R2 circuit; right? 15: 01
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MR. CHANDLER: Object to form 15:
THE W TNESS: Not necessarily. They are 15:
connected in different ways, so you would have to do 15:
an analysis in each case. 15:
BY Ms. ZHONG 15:
Q. VWhat do you nean by "they are connected in 15:
di fferent ways"? 15:
A The circuit topology is different so, 15:
t herefore, you would -- you would have to separately 15:
anal yze them 15:
Q. So is it your testinony that the driver 15:
transi stors would operate differently than the 15:
transm ssion gates --
(Clarification requested by Reporter.)
BY Ms. ZHONG
Q So is it your opinion that the transistors
in the driver circuit would operate differently than 15:
the transistors in the transm ssion gates? 15:
MR. CHANDLER: Objection. Form 15:
THE W TNESS: There woul d be sone 15:
di fferences because they are connected differently 15:
and controlled differently. 15:
BY Ms. ZHONG 15:
Q. Okay. Would the size of the transm ssion 15:
gates -- let me withdraw it. 15:
Page 146

01
01
01
01
01
01
01
01
01
01
02
02

02
02
02
02
02
02
02
02
02

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 146




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Wuld the size of the transistors in the 15:

transm ssion gates -- let me withdraw and ask it 15:
this way. 15:
Wuld the total size of the transistors in 15:

the transm ssion gates be in order of nagnitude 15:
smal l er than the transistors in the driver circuit? 15:
MR. CHANDLER: Objection to form 15:

THE W TNESS: They can be under sone 15:

ci rcunst ances. 15:
BY MS. ZHONG 15:
Q Under what circunmstances? 15:

A. Dependi ng how you are trying to operate 15:
them The primary difference is that the driver 15:
transistors are being turned on and off and need to 15:
drive currents as quickly as possible, where the 15:
transm ssion gates in a system like the one in 15:
Figure 6, A, B and C of Riho, the transm ssion gates 15:
can be turned on well in advance, presumably at 15:
power-up tinme. 15:
So, therefore, they're in their maxi num 15:

transm ssion state of their m ninmumresistance at 15:
all tines, so they're going to have a different 15:
in-circuit behavior. So you would do again a 15:
routine but specific analysis to make that 15:
det er mi nati on. 15:
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Q So what you are saying is at the charge-up 15
time, you can ignore the charge-up tine in the 15:
design of the transmi ssion gates in R ho's 15:
configuration? 15:

A In the configuration that's on Figure 6, you 15:
can. Plus, again, because the transistors are 15:
connected in a different topol ogy, you would get 15:
different results in terns of a -- of an anal ysis. 15:
So you woul d have to actually performthose 15:
cal cul ati ons. 15:

Q. If you used small transistors, wouldn't the 15:
resi stance of the -- on the transi stor goes up? 15:

MR. CHANDLER: Objection to form 15:
THE WTNESS: | don't know what you nean by 15:
"goes up." A small transistor will have a higher 15:
resi stance than a | arge transistor. 15:
BY MS. ZHONG 15:

Q Okay. And if the transm ssion gates use a 15:
smal | transistor which has a high resistance, would 15:
t hat cause -- would that translate to nore power in 15:
order to drive the data signals across the TSV? 15:

MR. CHANDLER: Objection. Form 15:

THE WTNESS: | want to make sure | 15:
under st ood your question. Was the question whether 15:
a small transistor with a |large resistance woul d 15:
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require nore power? 15:
BY MS. ZHONG 15:
Q So like if you -- in the transm ssion gate, 15:

if you use a small transistor, would you say |ike 15:
the resistance would go up? How would that affect 15:
t he operation? 15:
A It would reduce the maxi mum current but, 15:
agai n, depending on the resistance of other portions 15:
of the system and the capacitance of other portions 15:
of the system that may or may not be significant. 15:
It is also inportant to understand that both 15:

Fi gure 6A and Figure 6B include an input circuit as 15:
well. The capacitance of the input circuit is 15:
usual |y substantially nore than the capacitance of 15:
the output circuit, and that's part of what's being 15:
i sol at ed. 15:
Q When you say "the input circuit,” which one 15:

are you referring to? 15:
A. The one that has the words "input circuit” 15:

on it. 15:
Q Let nme see that | can understand you. 15:

So if the driver circuit has to go through a 15:

transm ssion gate with a small transistor, does that 15:
mean that you have to -- | nean, would it be -- the 15:
transm ssion gate with its high capacitance then 15:
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af fect the speed, slow down the speed at which the 15:
data signals are transferred? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: | don't understand why a 15:

transm ssion gate with small transistors would have 15:
hi gher capacitance. 15:
BY Ms. ZHONG 15:
Q Sorry. | nean, small transistors with high 15:
resi stance and when the current goes through it, 15:
woul dn't that affect the speed at which the data 15:
signals are transferred? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: It would. But you would have 15:

to look at all the resistances to see whether or not 15:
that difference is neaningful. It could be a 15:
t housandth of a percent. 15:
BY Ms. ZHONG 15:
Q Can you just remind nme, why do you think 15:
that the transm ssion gate would be at its maxi num 15:
charge when the driving circuits begin to operate? 15:
A. Because in the Figure 6 enbodi ment, the 15:
signals ROML and ROW2 are permanent. They are 15:
unchanging. They turn on when the power turns on. 15:
Q. But when a CSO or CS1, that woul d change, 15:
wouldn't it? 15:
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A In the Figure 6 enbodi nent, those don't 15:
control the transm ssion gates. And even in the -- 15:
and even in the enbodi ments -- go ahead. 15:

Q. ROML -- but if you look at Figure 5, those 15:
CS1 and CSO are the two outputs from ROML that go 15:
into the transm ssion gates. 15:

A Yes. And they do not change in operation in 15:
t hat enbodi ment. 15:

Q. Do they change the operation in Figure 8? 15:

A No. But there is another control signal in 15:
Figure 8. But even so, that control signal switches 15:
wel |l in advance of the data transm ssion so it would 15:
not be the speed-limting portion of the circuit. 15:

Q So if it'"s not in this configuration, but 15:
you have to switch those things instantaneously, 15:
would it be better to use a large transistor or 15:
smal l er transistors in order to charge up to the 15:
vol tage needed for the transm ssion? 15:

A. It would be better not to build it that way 15:
and to build it the way that Riho tells you to build 15:
it. 15:

Q Can you just answer mnmy question. 15:

MR. CHANDLER: Objection. Form 15:

THE WTNESS: [|I'mtrying to understand your 15:

hypot heti cal . 15:
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So if -- you're saying if the transm ssion 15

gates were turned on at the exact tine that data 15:
needs to be input or output to the die? 15:
BY Ms. ZHONG 15:
Q. |'"msaying like if they are not, as you say, 15:
switched on or off well in advance of when data 15:
transm ssion occurs, in that situation, would you -- 15:
woul d a POSI TA use a | arger transistor size or a 15:
smal l er transistor size in order for it -- for the 15:
transm ssion gates to reach the voltage needed for 15:
operation? 15:
MS. ZHONG. Objection. Form 15:

THE WTNESS: It would depend on exactly 15:

when they're turned on and it would depend on the 15:
design tradeoff that one would make between | oad 15:
reduction and speed. 15:
BY Ms. ZHONG 15:
Q So in general, does a |large transistor 15:
charge up nore quickly or a smaller transistor would 15:
charge up nore quickly? 15:
A. These transistors aren't charging up in the 15:

way that a logic gate does. They are what we call 15:
"pass transistors."” They are charged by their own 15:
control circuit. Normally, a small transistor can 15:
turn on faster. 15:
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Q Now, in Riho's Figure 5 and 6 configuration, 15
how woul d a POSI TA design the transm ssion gates? 15:
MR. CHANDLER: Objection. Form 15:

BY Ms. ZHONG 15:
Q. Woul d they design the transm ssion gates to 15:
operate significantly differently than the 15:
transistors -- let me w thdraw and ask. 15:
How woul d a PQOSI TA design the transm ssion 15:

gates in Riho's Figure 5 and 6? |In particular, 15:
woul d they design the transistors to be sized 15:
conpletely differently than the transistors in the 15:
L1C2R2 circuit? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: They woul d desi gn them j ust 15:

like is shown in Figure 6C. The transistor sizing 15:
woul d be based on a routine analysis. But | would 15:
expect that they would often be m ni mum si zed, 15:
because renenber, the goal in Rhois to mnimze 15:
t he capacitance of the TSVs so they want to isolate 15:
the input buffer which is highly capacitive, and 15:
they also want to isolate the output buffer. So 15:
t hey woul d use the m ni num accept abl e si ze. 15:
And, again, you would have to do the actual 15:

anal ysis at various voltages and speeds, but | would 15:
not at all be surprised if a mninmmsize transistor 15:
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was sufficient. 15:
BY MS. ZHONG 15:
Q How woul d the size of a m ninmum si ze 15:
transistor in the transm ssion gate conpare to the 15:
size of the transistors in the drive circuit? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: Again, that would be a design 15:

choice. It would typically be smaller. But what's 15:
nost inportant is that it's not just the drive 15:
circuit, it's the drive circuit and the receiver 15:
circuit because these are all bidirectional vias. 15:
And the gates in the receiving circuit represent the 15:
bul k of the capacitance. 15:
BY MS. ZHONG 15:
Q So how would the size of a m ninmumsized 15:
transistor in the transm ssion gate conpare to the 15:
size of the transistors in the Rl -- in the L1R1C1 15:
circuitry, which would include both a receiver and 15:
a driver circuitry? 15:
A Well, one, it would be a design choice. 15:
They woul d typically be much smaller for all the 15:
reasons that 1've already explained. The 15:
transm ssion gate transistors would typically be 15:
smal | er. 15:
Al so, the question for a designer would not 15:
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really be the size as much as it would be the 15:
capacitance. And as | nentioned before, the gate to 15:
the receiver contributes far nore to the capacitance 15:
than the output of the driver. 15:
Q Is it the case a snaller -- doesn't the 15:
capacitance of the transm ssion gate decrease with 15:
the increasing size of the transistor? 15:
MR. CHANDLER: Objection. Form 15:
BY MS. ZHONG 15:
Q Sorry -- 15:
A A smaller transistor [indiscernible - 15:

si mul t aneous tal ki ng] capacitance.
Q What |'m saying is doesn't the capacitance 15:
for the transm ssion gate decrease with the 15:
i ncreasing size of the transistor? 15:
MR. CHANDLER: Objection to form 15:
THE WTNESS: A transm ssion gate with small 15:
transistors will have | ess capacitance than a 15:
transm ssion gate with large transistors. 15:
BY MS. ZHONG 15:
Q But a small transm ssion gate will have a 15:
hi gher resistance? 15:
MR. CHANDLER: Objection to form 15:
THE W TNESS: As conpared to a |arge 15:
transm ssion gate? 15:
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BY Ms. ZHONG 15:
Q Yes. 15:

A. It will have a higher resistance, but it's 15:
unlikely to make any difference. 15:
Q. Wy is that? Because of the other 15:
resi stance in the systenf 15:
A Because of the other resistances in the TSV 15:

and because during the point at which the resistance 15:
is meaningful, it's been turned on a hundred 15:
percent, which is its |owest -- excuse nme -- which 15:
is its |lowest point of resistance so it's quite low. 15:
And al so because Ri ho represents that 15:

there's a tradeoff between reduced | oading and 15:
performance and he is encouraging reduced | oadi ng. 15:
Q And when people tal k about "load," are they 15:
referring to capacitive | oad? 15:
A. In this context, generally. When you're 15:

tal king about CMOS integrated circuits and you talk 15:
about | oad, while there are technically resistive 15:
i nductive and capaci tance conponents, the 15:
capacitance is very dom nant, so people typically 15:
tal k about capacitive loads. And we saw that in 15:
the -- in the exam ned patents as well. They focus 15:
on the capacitive | oad. 15:
M5. ZHONG. Can we take a break? 15:
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MR. CHANDLER: Ckay. 15:

(OFf the record.) 15:

BY Ms. ZHONG 15:
Q. Can we pl ease go back to Ri ho, 1060, 15:
Figure 5. 15:
A 10607 15:

Q. Yeah. 1060, Figure 5. 15:

A Okay. 15:

Q. Can we go through what woul d be happeni ng 15:
during a wite operation onto SDRAM D15 di e t hrough 15:
TSV 715. Ckay. 15:
So assune that the LSI logic chip at the 15:
bottomis driving a bit 1 up the TSV 715 to be 15:
witten into the nenory die. 15:
Are you with nme? 15:

A Yes. 15:

Q Ckay. And in that case, when you're trying 15:

to wite bit 1 into the nmenory die, is what happens 15:
is you' re trying to push current through the 15:
transm ssion gate in sa onto a receiver circuit in 15:
D157 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: So renenber that there are 15:

hundreds of TSVs that are participating in a wite 15:
operation and -- 15:
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BY Ms. ZHONG:

Q Yeah. 15:

A. -- [indiscernible - simultaneous tal king] -- 15:
in the enmbodi nent of Riho. And Ri ho also describes 15:
a variety of protocols at this point in the circuit, 15:
SDRAM SRAM and nonvol atil e RAM 15:

But it would go through that normal 15:
protocol, just as if this had not been in TSVs, just 15:
as if -- 15:

Q Okay.

A -- the circuit chips were laid out on a 15:
board. The logic LSI chip, at the proper point in 15:
time, would drive a data value, a 0 or a 1, into 15:
TSV 715, that current would change the voltage in 15:
the entire net froma O to a 1, and because switch 15:
sa is on, that net would include the input receiver 15:
that is on D15 that corresponds to this particul ar 15:
bit, and that, again, for nost nenory plates would 15:
then buffer that signal and drive it into sone type 15:
of a register or flip-flop. 15:

Q Okay. And in that process, basically, 15:
power is needed to push the current through the 15:
transm ssion gate into the receiver circuit for this 15:
receiver circuit to be charged up to register that 15:
bit -- the bit 1, is that correct? 15:
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MR. CHANDLER: Object to form 15:

THE W TNESS: The current is used to 15:

overcone all of the capacitance, the output 15:
capaci tance of the driver, the interconnect 15:
capaci tance, and the capacitance in the receiver 15:
circuit. The portion of the current that's used to 15:
charge the receiver circuit would pass through the 15:
transm ssion gate sa. 15:
BY MS. ZHONG 15:
Q So in that wite operation, the receiver 15:
circuit would be charged up as part of the process? 15:
A. If it was switching froma 0 to a 1, it 15:
woul d be charged up. If it was switching froma 1 15:
to a0, it would be discharged. 15:
Q Ckay. And that circuit, the receiver 15:
circuit was not -- there is a charge and di scharge 15:
part during that transm ssion; is that correct? 15:
MR. CHANDLER: Object to form 15:

BY MS. ZHONG 15:
Q In other words, it is not the transm ssion 15:
gate that stays on; there is switching for that 15:
receiver? 15:
A The output of the receiver would switch 15:
based on the input. The input would change assum ng 15:
that the drive signal changes and -- 15:
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Q Okay.

15: 55

A -- at sonme point, there would be a threshold 15:55
that's crossed and that would cause the output to 15: 55
swi t ch. 15: 55

Q. Okay. And in order for that output to 15: 55
switch, for that switching to occur, a charge 15: 55
basically needs to be put on to the receiver 15: 55
circuit. You either charge it or you discharge it. 15: 55
Fair? 15: 55

A. Yes. 15: 55

MR. CHANDLER: Object to form 15: 55

THE W TNESS:
a MOS circuit.

BY MS. ZHONG

Q Ckay.
time or --
A Current charge tinme --
Q -- [indiscernible -
Yeah.
A -- it is tinmes tinme.

DEPGCSI TI ON REPORTER:

at a tinme, please.
MS. ZHONG  Sorry.
BY MS. ZHONG

Q So current

That's the nor mal

is charge per unit tine;

operation of 15:55
15: 55
15: 56

And charge is basically current over 15:56

15: 56
15: 56

si nul t aneous tal ki ng]
Current is charge -- 15: 56
Excuse nme. | need one 15:56
15: 56
15: 56

correct? 15:56
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A Correct. 15:

Q. Okay. And you need a certain amunt of 15:
charge in order to charge up the receiver circuit 15:
for it to switch fromO to 1 and, conversely, you 15:
need to discharge the anount of charge for it to 15:
switch from1 to O; correct? 15:
A. Correct. 15:

Q Okay. And for a given circuit, those 15:
charge -- it will be a predeterm ned anmount of 15:
charge in order for that switching to occur. Agree? 15
MR. CHANDLER: Object to form 15

THE WTNESS: It depends on what you nean by 15
"predetermned.” It is inpacted by variations in 15
supply voltage and tenperature and ot her kinds of 15
t hi ngs. 15:
BY Ms. ZHONG 15:
Q Ckay. For a given operating condition, 15:
there will be -- a certain anmount will be required 15:
for you to charge up or to charge up the receiver 15:
circuit; correct? 15:
A That's a nodel that we use. | nean, there 15:

are statistical variations, but there's a -- there's 15:
a typical anopunt or an average anount that one would 15:
use to swtch. 15:
Q. Okay. So the larger the amobunt of charge, 15:
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t he higher the current it needs to be if you want 15:
the charge to occur within the given period of time; 15:
correct? 15:
MR. CHANDLER: Object to form 15:

THE W TNESS: Yes. When neasured exactly at 15:

the capacitance. In real circuits, you can't 15:
necessarily increase the current. The current is 15:
established by the circuit parameters and all you 15:
can control is the voltage typically in a MOS 15:
circuit. 15:
BY Ms. ZHONG 15:
Q Ckay. And so if you have a small 15:
transistor, then |l ess current can be passed through 15:
it. Fair? 15:
A No. 15:

Q No? 15:

A There would be | ess maxi mum current w thout 15:
damaging it, but if your circuit was designed so 15:
that it needed 10 mllianps of current, it could 15:
performidentically with a |arge transistor and a 15:
smal | transistor because either one would be big 15:
enough. 15:
Q So if the receiver circuit is made up, say, 15:

of 10 transistors of a given size and the anmunt of 16:
charge needed to charge up those transistors, let's 16:
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say, it's Q 16:
Do you have that? 16:

A Uh- huh. 16:

Q. Okay. \What woul d be the size of the 16:
transm ssion transistor in order for you to charge 16:
up the receiver circuit within the allowed -- |ike 16:
within the permtted time for the operation to 16:
occur? 16:
MR. CHANDLER: Objection. Form It's 16:

unclear if you said "Q' |ike queen or the nunber "2" 16:
t hat comes after nunber 1. 16:
MS. ZHONG "Q@Q' as in queen. 16:

THE WTNESS: |'m assum ng you want to 16:

charge the gates of these transistors? 16:
BY Ms. ZHONG 16:
Q When you say "charge up the receiver 16:
circuit," what do people nean by that? 16:
A. It means charge the gates. 16:

Q Okay. 16:

A You woul d have to performa full network 16:
analysis of all of the capacitances, resistances, 16:
and i nductances, and you woul d need a transistor 16:
nodel to figure that out. That's very routine,. 16:
Theoretically, it can be done by hand. 16:

Nobody has done it by hand very often since the 16:
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1970s because we have software that does it for us, 16:
once you make all those deci sions. 16:
Q Okay. But the charge that's com ng off the 16:

TSV that's being pushed up, those would be the 16:
charge that needs to be pushed onto or used to 16:
charge up the receiver circuit; is that correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: A portion of it will. O her 16:

portions will charge C3, other portions will charge 16:
the 16 copies of Cl. And again, renenber, these 16:
don't physically exist. These are |unped 16:
appr oxi mati on nodel s. 16:
BY Ms. ZHONG 16:
Q When you say "C3," which circuit are you 16:
referring to? Oh, the one down on the bottonf 16:
A Uh- huh.  Yes. 16:

Q Ckay. But the anmount of charge that's 16:
avai l able to charge up the receiver circuit, that is 16:
fixed; is that correct? 16:
MR. CHANDLER: Objection to form 16:

THE WTNESS: No. It is constantly tine 16:

varyi ng. 16:
BY Ms. ZHONG 16:
Q For a given transaction, it's still varying? 16:

A | guess eventually it wll hit some 16:
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asymptotic | evel, but at that point you don't care 16
anynmore. It's a tinme varying curve. Again, that's 16:
why we woul d need software to nodel it. 16:
Q. Okay. So you want the receiver circuit to 16:

be charged up as fast as possible; is that correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: No, that's generally wong. 16:

BY Ms. ZHONG 16:
Q. How woul d you like it to be charged up? 16:

A Fast enough to nmeet the specifications of 16:
your product. Any faster and it probably uses nore 16:
power and generates nore el ectronagnetic 16:
interference, so you would pick a target speed and 16:
you would try to match that. 16:
And in fact, if you read Rho inits 16:
entirety, you can see that in figures like Figure 6, 16
there are additional resistances that are added to 16
slowit down to try to match all the various signals 16
so that they all operate at the sanme speed rather 16
than as fast as possible. 16
Q When you say they all operate at the sane 16
speed, what is the "they" referring to? 16
A. So there is an attenpt to try to make all of 16

the signals in the 384 or whatever TSVs -- let's see 16
if I have the actual nunber here. 382 TSVs. To try 16
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and make them all operate at approximately the sane 16:
speed absent manufacturing variations. And then 16:
there is a recognition that manufacturing variations 16:
wi || happen. 16:
But there is an attenpt to conpensate for 16:
the fact that the capacitive |oad fromthe SDRAM 16:
driver and receiver is at a different spot in the 16:
overall TSV circuit network for different |ayers 16:
and, therefore, since that could |lead to sone 16:
variation in speed, there is a resistive adjustnent 16:
that's explained with respect to Figure 6 that is 16:
used to conpensate for those variations anong 16:
| ayers, again, with a goal of trying to mnim ze the 16:
di fferences between the | oads. 16:
Q And for you to charge up the receiver 16:
circuit in Riho's DRAM di es, does it take nore tinme 16:
for that -- the charging up to occur if the current 16:
t hrough the transm ssion gate is | ower? 16:
MR. CHANDLER: Objection. Form 16:
THE W TNESS: Yes. But that depends on a 16:
number of factors, only one of which is the size of 16:
the transm ssion gate transistors and the difference 16:
may be very m nor. 16:
BY MS. ZHONG
Q. And when you say "that depends on a nunber 16:
Page 166

07
07
07
07
07
07
07
07
07
08
08
08
08
08
08
09
09
09
09
09
09
09
09

09

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 166




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

of factors,"” what factors are you referring to? 16:
A. Anmong ot her things, the capacitances ClL and 16:

C3, the resistances Rl and R3, and the resistance 16:
R2. 16:
Q. Why woul d those matter? 16:

A Because they're all in between the driver 16:

and the receiver, and the circuit current is 16:
determ ned by the operation as a whole. |It's not 16:
i ndependently determ ned by each individual elenment. 16:
Q The C1R1 circuitry and the C3 and C2, those 16:

val ues are i ndependent of whether the -- are 16:
i ndependent of the size of the transm ssion gates; 16:
right? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: 1'd have to | ook very 16:
carefully. It's possible that the transm ssion gate 16:
resi stance and capacitance could be |unped into one 16:
of those values, but it's probably not significantly 16:
different. 16:
BY Ms. ZHONG 16:
Q And when you say that a small transistor, 16:

the resistance of it is not going to change 16:
significantly -- let ne withdraw and ask. 16:
Do I understand it correctly when you say 16:

that even for a small transistor, its resistance is 16:
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pretty low when it is fully on? 16:
A. Yes. As conpared to a |larger transistor 16:
when it is starting to turn on. 16:
Q. What about as conpared to a | arger 16:
transi stor when it is fully on? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: Normally after they're fully 16:

on, a large transistor on the sane technol ogy would 16:
have | ower resistance than a small transistor. But 16:
that may not affect the performance of the circuit 16:
overal | . 16:
BY Ms. ZHONG 16:
Q | understand. Just do an orange-to-orange 16:
conpari son. 16:
So if alarge transistor is three tines the 16:

size of a small transistor, how would the resistance 16:
change? 16
MR. CHANDLER: Objection. Form 16

THE W TNESS: Approxi mately proportionately. 16

But again, that doesn't necessarily inpact the way 16
it perfornms in a given circuit. 16
BY Ms. ZHONG 16
Q Okay. So if you just look at the electrical 16
pat h, the SDRAM D15, the TSV 715 to say | receive a 16
circuit -- 16
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(Carification requested by Reporter.)
BY Ms. ZHONG
Q I n SDRAM D15, and the electrical path
bet ween TSV 715 and the receiver circuit is only
intersected by the switch circuit sa; correct?

MR. CHANDLER: Objection. Form

THE WTNESS: |I'msorry. | mssed a word

there. It's only what?

BY Ms. ZHONG

Q It's the only circuit elenent separating the

receiver circuit and the TSV is the transm ssion
gate; is that right?
MR. CHANDLER: Objection. Form
THE WTNESS: | guess if you nean by
"separating"” in between, that would be true, but
there are other circuit elenents that inpact the
behavior. So, for exanple, resistance R2, which
isn't a circuit elenment --
BY Ms. ZHONG:
Q Uh- huh.
A. -- it's a nodel and would be present --

(Clarification requested by Reporter.)

THE W TNESS: It's not a circuit el enent.

It's a nodel and it would be present.

A

16:

16:

16:
16:
16:
16:
16:

16:
16:
16:
16:
16:
16:
16:
16:

16:
16:
16:
16:
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BY Ms. ZHONG 16:
Q. Okay. So when you charge up the receiver 16:
circuit in SDRAM D15 using the charge that is com ng 16:
off TSV 715, that charge goes through the 16:
transm ssion gate and then maybe R2 to charge up the 16:
transi stors, the gates of the transistors of the 16:
receiver circuit; is that right? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: It does. But there are other 16:

circuit elenents that determ ne the nmagnitude of 16:
t hat charge. 16:
BY Ms. ZHONG 16:
Q When you say "the magnitude of the charge,” 16:

you nean the final charge that will be received by 16:
the receiver circuit? 16:
A. No. | nmean the rate at which the charge 16:
accunul ates in the capacitance of the receiver 16:
circuit. 16:
Q But the L1R2 and C2 are fixed for the SDRAM 16:

D15 die; correct? 16:
MR. CHANDLER: Objection. Form 16:

THE W TNESS: No. W tal ked about that 16:

already. They are tenperature variant and can be 16:
vol t age vari ant. 16:
BY Ms. ZHONG 16:
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Q But let's just say for a given operating 16:
condition, they are fixed. 16:
MR. CHANDLER: Object to form 16:

THE W TNESS: To a reasonabl e approxi mati on, 16:

they do vary over the -- they vary based on the age 16:
of the conponent as well. 16:
BY Ms. ZHONG 16:
Q Okay. 16:

A. But for, you know, a reasonably short tine 16:
interval at the identical operating conditions, they 16:
woul d be fi xed. 16:
Q Ckay. So the tinme that it takes for you to 16:
charge up the receiver circuit, where is the charge 16:
that is coming off TSV 715 in D15 that would only 16:
depend on the current that the transm ssion gate in 16:
sa can pass; is that correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: No, that's wong. W have 16:

been over this many times. It depends on the 16:
entirety of the network nodel between the driver and 16:
t he receiver. 16:
BY Ms. ZHONG 16:
Q VWhat | nean is that the driver has already 16:
driven the charge up to the segnent of TSV 715 on 16:
D15, so the charge is just being pushed through the 16:
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transm ssion gate onto the receiver circuit in that? 16:
A. It doesn't work that way. 16:

Q VWhy not ? 16:

A Because that's not the way el ectromagnetics 16:
works. If one studies the fundanental physics |aws 16:
of el ectromagnetics, things don't happen 16:
i ndependently. They happen as part of the network, 16:
and there's a set of |laws that govern that, and 16:
those laws are in place here and they tell us that 16:
t he i nstantaneous current at any spot in a connected 16:
net wor k of conponents |ike this depends on the 16:
voltage and the values of all of the elenments of the 16:
net wor K. 16:
Q So if you change the size of the 16:
transm ssion gate transistors, say you triple the 16:
size, how would that change the charge tinme of the 16:
receiver circuit? 16
A You woul d need to nodel the entire circuit. 16

In many cases, it would be a trivial change, but 16
there could be circunstances where it was a 16
significant change that typically one would avoid 16
those. But, again, you would have to nodel it. 16
It's very simlar to if | made all the wires 16

in nmy house a hundred tinmes larger, the |ight bul bs 16
really wouldn't turn on any faster because the 16
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originals were big enough. 16:
Q But can you use a one-gate transistor to 16:
charge up, say, a 100 transistor's receiver circuit 16:
fast enough? 16:
MR. CHANDLER: Objection to form 16:

THE W TNESS: Yes, dependi ng on how fast 16:

"fast enough" is. 16:
BY Ms. ZHONG 16:
Q For SDRAMs. 16:

MR. CHANDLER: Objection. Form 16:

THE W TNESS: Again, you have to nodel the 16:

entirety of the circuit. 16:
BY Ms. ZHONG 16:
Q Have you done that nodeling to see whet her 16:

t hat coul d be done? 16:
MR. CHANDLER: Object to form 16:

THE WTNESS: No, | did not rely on -- on a 16:

nodel at that |evel of detail in ny analysis and, in 16:
part, | didn't have to because R ho tells ne that 16:
having the transm ssion gates reduces the capacitive 16:
| oad. 16:
BY Ms. ZHONG 16:
Q But you still have to -- but the 16:
transm ssion -- the transm ssion gate transistor 16:
still has to be powerful enough to allow enough -- 16:
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sufficient current to pass through it in order to 16:
charge up the receiver circuit in time, doesn't it? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: It does. There would be no 16:

reason to doubt that that is true in R ho. But even 16:
so, Riho doesn't specify that it has to run at sone 16:
particul ar speed. One could inplenent Riho at a 16:
very slow speed and it would still contain the 16:
teachings. But there is no indication whatsoever in 16:
Ri ho that it could not operate as disclosed at 16:
comercially viabl e speeds. 16:
BY MS. ZHONG 16:
Q Ckay. So in order for you to charge up the 16:
receiver circuit through the transm ssion gate, 16:
doesn't the capacitance -- the input capacitance of 16:
the transm ssion gate need to be conparable to the 16:
capaci tance of the receiver circuit? 16:
MR. CHANDLER: Objection. Form 16:

THE W TNESS: No. 16:

BY MS. ZHONG 16:
Q VWhy not ? 16:

A It doesn't. There's no reason for that and 16:
there's no reason to expect that it would be. 16:
Again, there are a nunber of reasons to suspect that 16:
it wouldn't. 16:
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One is that it's a drain capacitance rather 16:

than a gate capacitance, which is generally one to 16:
be lower in this kind of circuit. 16:
Two, it has been turned on in advance so, 16:
therefore, the differential between the two sides of 16:
the -- in between the drain and the source is 16:
mnimal. And it only has a very small | oad on the 16:
right side as conpared to the driver and receiver 16:
whi ch connect to an entire nmenory array. 16:
So there's no reason to doubt that it would 16:

behave exactly the way Ri ho represents it, that it 16:
woul d substantially reduce the capacitive |oad and 16:
that it would run at satisfactory speeds. 16:
Q So Riho's transm ssion gates are turned on 16:

i n advance, but not the receiver circuit. Those are 16:
charged up and discharged in time when transm ssion 16:
occurs; correct? 16:
MS. ZHONG. Objection. Form 16:

THE WTNESS: In Riho in the Figure 6 16:

enbodi nent, the transm ssion gates are turned on or 16:
off in advance, and the receiver circuit charges and 16:
di scharges whenever there's a wite operation to 16:
that particul ar DRAM di e. 16:
BY MS. ZHONG 16:
Q. Okay. So the fact that the transm ssion 16:
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gates are charged in advance doesn't really nmean 16:
that the receiver circuit's transistors can be 16:
charged up sufficiently fast, does it? 16:
MR. CHANDLER: Object to form 16:

THE WTNESS: Not in and of itself. It 16:

means that it won't interfere with it being charged 16:
sufficiently fast, but you still have to design the 16:
rest of the circuit appropriately. 16:
BY Ms. ZHONG 16:
Q So the transm ssion gates have to be 16:
designed to pass through an amount of the current 16:
that can charge up the receiver circuit in time; is 16:
t hat correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: Yes. | think we've been over 16:

that, but that's not difficult to do. |In fact, it 16:
woul d often be possible to do with a m ninmum size 16:
transi stor transm ssion gate. 16:
BY Ms. ZHONG 16:
Q Okay. But you have not really cal cul ated 16:
what woul d be that m nimum size transm ssion gate 16:
for Riho' s configuration preferred enbodi nent; 16:
correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: It would be different 16:
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dependi ng on all of the details, but it would be a 16:
routine cal cul ation. 16:
BY Ms. ZHONG 16:
Q. But you have not found that for the 16:
preferred enmbodi nents in Ri ho; correct? 16:
MR. CHANDLER: Object to form 16:

THE W TNESS: No. Because Ri ho has done it 16:

and he has already told us that it operates at a 16:
reasonabl e speed. In fact, he's willing to slow it 16:
down a little bit, and he's already told us that 16:
using the transm ssion gates reduces the 16:
capacitance. In fact, when he tal ks about the 16:
Fi gure 8 enbodi nent where there are two transm ssion 16:
gates that could be turned on, he represents that 16:
turning one of them off reduces the capacitance 16:
approximately in half. 16:
BY Ms. ZHONG 16:
Q Now, in Riho, if there is significant 16:
capacitive | oading or input capacitance in switch 16:
circuit sa or sb that can be experienced by a TSV, 16:
is it your opinion that TSV 715 would be -- let ne 16:
wi t hdraw and ask this question. 16:
Let's assunme that SDRAM D14 in Figure 5 of 16:

Ri ho, in that particular circuit, the -- even though 16:
the switch circuit sa and sb are turned off, the 16:
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TSV 715 will still experience -- will still 16:
experience a significant capacitive load fromeither 16:
switch circuit A or switch circuit B. 16:
In that circunstance, would you consider the 16:

TSV 715 to be in comunication, in electrical 16:
comuni cation wi th SDRAM D14 or not? 16:
MR. CHANDLER: Object to form 16:

THE WTNESS: So Riho tells us that the 16:
capacitive |load of sa and sb on D14 in TSV 715 is 16:
not insignificant. But even if we were to ignore 16:
that, it would not be in electrical comrunication 16:
with D14. 16:
In the first place, Ri ho specifically tells 16:

us that it is not in electrical comunication, that 16:
it is not electrically coupled. But, again, even if 16:
we were to ignore all those teachings, there is no 16:
i nformati on bei ng communi cat ed. 16:
BY Ms. ZHONG 16:
Q So for a TSV to be in electrical 16:
comruni cation with die array, that requires data to 16:
be transferred fromthe nmenory cells to the TSV? 16:
MR. CHANDLER: Object to form 16:

THE W TNESS: No. 16:

BY Ms. ZHONG 16:
Q Then when you say "there is no information 16:
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bei ng communi cated,” what information are you 16:
referring to? 16:
A. Any signal whatsoever. The teaching in Ri ho 16:

is that the signals are all blocked from 16:
conmmuni cating with any of the circuits on the die. 16:
The first transistor that is encountered bl ocks the 16:
communi cation. That's its intent. 16:
Q But the signal wave is due to the bouncing 16:

off the transistors, reflected off the transistors; 16:
correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: In sone sense, yeah, at a 16:

mnimal level. But, again, that's not the ordinary 16:
meani ng of electrical communication. The clains 16:
coul d have said "physically disconnected"” if they 16:
wanted to claimthat. They said not in electrical 16:
communi cati on. 16:
And | think any person of ordinary skill 16:

woul d understand that if there is a disconnected 16:
switch directly adjacent to the TSV, that it's not 16:
an el ectrical communication. And even if they 16:
didn't understand that on their own, once R ho told 16:
them that, they would accept it. 16:
BY Ms. ZHONG 16:
Q. So it's your opinion that if the TSV is not 16:
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connected to a switch or is connected to a 16:
di sconnect switch, then there is no electrical 16:
communi cation between the TSV and the -- and the 16:
DRAM die; is that right? 16:
MR. CHANDLER: Object to form 16:

THE W TNESS: Not really. 16:

BY Ms. ZHONG 16:
Q Okay. 16:

A If the TSV is not connected to the -- to 16:

the DRAM di e, then there would be no electrical 16:
conmuni cation unless it were sonmehow using sonething 16:
unusual like radio or light, and if the only 16:
connection is to a turned-off switch, then there is 16:
no el ectrical comrunication. And that's the 16:
situation we have here. 16:
You can see that in D15, it is connected to 16:

a turned-off switch and a turned-on switch. There 16:
is electrical comunication there. 16:
Q So if the switches are turned on by default 16:

but can be programmed to be turned off during the -- 16:
during normal operation, is there still electrical 16:
comuni cation? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: [I'msorry. |s the question if 16:

you had a hypothetical systemwhere there's a switch 16:
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bet ween the DRAM di e and the through hole via that 16:
is on by default but can be turned off, is it an 16:
el ectrical communication? 16:
BY Ms. ZHONG 16:
Q Yes. 16:

A It's an electrical communication when it's 16:

on, and it is not an electrical comunication when 16:
it's off. Assum ng, of course, that there is 16:
sonet hing on the other side of the switch to 16:
comuni cate with. 16:
Q. And if you have a TSV that's only connected 16:

to a stub in a nenory die, is there electrical 16:
comruni cati on? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: | would think a person of 16:

ordinary skill would say no because there's nothing 16:
bei ng comuni cated w t h. 16:
BY Ms. ZHONG 16:
Q If the TSV goes through a nenory die and is 16:
connected to nothing but another wire and that wre 16:
connects to the die above it or -- above it, is the 16:
TSV in comunication -- let me wthdraw and ask. 16:
So assunme that TSV 715 in Ri ho, it goes 16:

t hrough, for exanple, D14, and the segnent of the 16:
TSV that goes through D14 is connected to anot her 16:
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wire and that wire is not connected to any ot her 16:
circuit in D14, but is connected to, say, SDRAM D6, 16:
is SDRAM D14 in comrunication with TSV 715? 16:
MR. CHANDLER: Objection. Form CQutside 16:

the scope of direct and inconplete hypothetical. 16:
THE WTNESS: | don't have an opinion on 16:

that. That's just not a situation that | had to 16:
consider as part of this case. 16:
BY Ms. ZHONG 16:
Q So you have no opini on whether that involves 16:

an el ectrical comrunication between D14 and TSV 715? 16:
A. Right. | have no opinion on that because 16:
it's just not a -- not a situation that was 16:
di scl osed in any of the art that | | ooked at. 16:
Q Ckay. In that situation, what kind of 16:

i nformati on can be exchanged before D14 and TSV 715? 16:
MR. CHANDLER: Objection. Form And 16:

out si de the scope of direct. 16:
THE WTNESS: | don't know. Again, | didn't 16:

consider that situation. | don't have an opinion on 16:
it. 16:
BY Ms. ZHONG 16:
Q VWhat's the relevant -- 16:
(Clarification requested by Reporter.) 16:

Il 16:
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BY Ms. ZHONG 16:
Q What is the relevant contribution of the 16:
capacitor load froma segnment of the TSV versus the 16:
contribution froma nmenory die? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: In Ri ho? 16:

BY Ms. ZHONG 16:
Q We can start with Ri ho. 16:

A. It woul d depend on the particul ar enbodi mrent 16:

and a variety of inplenmentation details. But Riho 16:
teaches us that the -- there is substantial benefit 16:
in reduced capacitance by using the transm ssion 16:
gate switches to isolate the nenory di e capacitance. 16:
Q So take D15, for exanple, do you know what 16:

is the relevant contribution of the capacitive |oad 16:
fromTSV 715 itself versus fromthe nmenory die? 16:
A Sanme answer . 16:

Q In D15, the gate is not -- is not turned 16:
off, so there is capacitive |load fromthe array 16:
die -- fromthe nenory die; correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: In Figure 5, there would be a 16:
capacitive load on TSV 715 from conponents on the 16:
menory die for D15. 16:
Il 16:
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BY Ms. ZHONG 16:
Q. Okay. So what's the relevant contribution 16:
of the capacitive load fromthe nenory die as 16:
conpared to the contribution from CLRL in the 16:
TSV 7157 16:
MR. CHANDLER: Objection. Form 16:
THE WTNESS: It would depend on the 16:
speci fic inplenentation paraneters, but Ri ho teaches 16:
us that there is a substantial benefit from turning 16:
it off. And in fact, in the Figure 8 enbodi nent, 16:
tells us that if we were to turn off one of D7 and 16:
D15, we woul d approxi mately cut the capacitance in 16:
hal f . 16:
BY Ms. ZHONG 16:
Q ' m asking you specifically for D15, that 16:
segnment, how nuch of a contribution there is from 16:
t he SDRAM di e versus fromthe TSV segnent. 16:
MR. CHANDLER: Objection. Form 16:
THE W TNESS: | answered that already. 16:

BY Ms. ZHONG
Q No, you have not. \What's the relevant 16:
contri bution? 16:
A | don't have a different answer. It 16:
depends on the inplenentation paraneters, but we 16:
are taught by Riho that it is a substantial anmount 16:
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of capacitance. There's a substantial benefit from 16:
isolating it. And that in, for exanple, the 16:
Figure 8 enbodi nent, that if one of D15 or D7, 16:
ei ther one, is disconnected, that it is 16:
approxi mtely half the capacitance that is 16:
removed fromthe capacitive | oad. 16:
Q What is the difference between a DRAM 16:
circuit and a DRAM di e? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: It would depend on context in 16:

some cases, but a circuit -- a DRAM circuit would 16:
ordinarily be any interconnection of electronic 16:
conmponents that's used to inplenment a DRAM where a 16:
DRAM di e woul d be one physical piece of silicon that 16:
contains DRAM circuits. 16:
BY Ms. ZHONG 16:
Q So is DRAM die the sane as DRAM circuit? 16:

MR. CHANDLER: Objection. Form 16:

THE W TNESS: Not exactly, but by ny 16:
experience, a DRAM di e would include one or nore 16:
DRAM circuits on it. 16:
BY Ms. ZHONG 16:
Q So is a DRAM die different than a DRAM 16:
circuit? 16:
MR. CHANDLER: Objection. Form 16:
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THE WTNESS: It could be, but in ordinary 16:

usage, a DRAM die would contain one or nore DRAM 16:
circuits. 16:
| could have, for exanple, the systemon a 16:

chip that was in the XBox that was not sonething 16:
that would normally be called a DRAM di e because it 16:
had a CPU and a bunch of other things on it, but it 16:
included a DRAM circuit. 16:
But in my experience, a DRAM di e woul d 16:

i nclude one or nore DRAM circuits. 16:
BY Ms. ZHONG 16:
Q Ckay. So a DRAM di e that includes one or 16:
nore DRAM circuits are the sane as the DRAM circuit 16:
itsel f? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: No. | already explained. 16:

BY Ms. ZHONG 16:
Q Ckay. So a DRAM di e that includes one or 16:
nore DRAM circuits are different than a DRAMcircuit 16:
cell? 16:
MR. CHANDLER: Objection. Form 16:

BY Ms. ZHONG 16:
Q Sorry. 16:

A DRAM di e that includes one or nore DRAM 16:

circuits is different than the DRAMcircuit itsel f? 16:
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MR. CHANDLER: Objection. Form 16:

THE WTNESS: | would think that that would 16:

be a m sleading statement. Not every DRAM circuit 16:
is on what would normally be called a DRAM di e, but 16:
an ordi nary DRAM di e includes one or nore DRAM 16:
circuits. 16:
BY Ms. ZHONG 16:
Q Okay. So does that make the DRAM circuit 16:

the sane as the DRAM die -- let nme put it this way. 16:
Does that make the DRAM die the sane as the 16:

DRAM circui t? 16:
MR. CHANDLER: Objection. Form 16:

THE W TNESS: It depends what purpose you 16:

are using the terns for. | would think that they 16:
woul d be interchangeable in many instances. But the 16:
die refers to sone -- to the -- to the physical 16:
pi ece of silicon and the circuit refers to the 16:
contents of that physical piece of silicon. 16:
There are circunmstances where one m ght want 16:

to make a distinction, but they would be unusual 16:
ci rcunst ances. 16:

BY Ms. ZHONG:

Q Does the fact that the DRAM di e incl udes 16:
more than the DRAM circuit make it different than 16:
the DRAM circuit? 16:

Page 187

54
54
54
54
54
54
54
55
55
55
55
55
55
55
55
55
55
55
55
55
55

56
56
56

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 187




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

MR. CHANDLER: Object to form 16:

THE W TNESS: Again, it would depend on 16:

context. It would not be at all unusual for 16:
sonebody to refer to a DRAM die as a DRAM circuit 16:
because it includes -- it is a collection of 16:
el ectronic conponents that inplenents a DRAM 16:
It al ways depends on context, but fromthe 16:
perspective of something like the '060 or the '160 16:
patent, | don't think there is any reason to nake a 16:
di stinction between the two. 16:
BY Ms. ZHONG 16:
Q What is the neaning of DRAM circuit in 16:

Raj an? 16:
MR. CHANDLER: Object to form 16:

THE WTNESS: It would be the ordinary 16:

meani ng; a collection of electronic conponents that 16:
i npl ement a DRAMto the extent that that phrase is 16:
used. 16:
By "Rajan," | assune you nmean Exhibit 1015 16:

and not 10117 16:
BY Ms. ZHONG 16:
Q Yes. Well, they're the sane. 16:

MR. CHANDLER: Objection. Form 16:

BY Ms. ZHONG 16:
Q. Let's put it this way. Does the term "DRAM 16:
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circuit" have a different meaning in Exhibit 1011 16:
than in Exhibit 1015? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: | don't believe so. 1In both 16:

cases, it is the ordinary neaning. It is a 16:
col l ection of interconnected el ectronic conponents 16:
t hat i npl ement DRAM 16:
DEPCSI TI ON REPORTER: M ss Zhong, is it okay 17:

if we go off the record? 17:
MS. ZHONG  Sure. 17:

(Ending tine: 5:02 p.m) 17:
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|, ANDREW WOLFE, do hereby decl are under
penalty of perjury that | have read the foregoing
transcript; that | have nmade corrections as appear
noted, in ink, initialed by ne, or attached hereto; that
my testinmony as contained herein, as corrected, is true
and correct.

EXECUTED this __ day of ,

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

(CGity) (State)

ANDREW WOLFE
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[, JANI' S JENNI NGS, CSR No. 3942, Certified
Short hand Reporter, certify:

That the foregoing proceedi ngs were taken
before nme at the tinme and place therein set forth, at
which tinme the witness was duly sworn by ne;

That the testinmony of the w tness, the
guestions propounded, and all objections and statenents
made at the time of the exam nation were recorded
st enographically by nme and were thereafter transcri bed;

That the foregoing pages contain a full, true
and accurate record of all proceedings and testinony.

Pursuant to F.R C.P. 30(e)(2) before
conpl etion of the proceedings, review of the transcript
[ X] was [ ] was not requested.

| further certify that | amnot a relative or
enpl oyee of any attorney of the parties, nor financially
interested in the action.

| declare under penalty of perjury under the
|aws of California that the foregoing is true and
correct.

Dated this 5th day of July 2023.

\ V v
JANI'S JENNI NGS, CSR NO. 3942

CLR, CCRR
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UNI TED STATES PATENT AND TRADEMARK OFFI CE

BEFORE THE PATENT TRI AL AND APPEAL BOARD

Sansung El ectronics Co. Ltd. Case No. | PR2022-01427

Petitioner, Patent No. 9, 318, 160
VS.
Netlist, Inc., Case No. | PR2022-01428
Pat ent Owner. Patent No. 8,787,060

CONTI NUED VI DEOCONFERENCE DEPQOSI TI ON OF
ANDREW WOLFE, Ph. D.
Vol ume 11 (Pages 192 - 229)

Wednesday, June 28, 2023

Reported Renotely and Stenographically by:
JANI'S JENNI NGS, CSR No. 3942, CLR, CCRR

Job No. 5965317
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CONTI NUED DEPOSI TI ON OF ANDREW WOLFE, Ph. D.,
appearing renmotely, located in Santa Cl ara,
California, taken on behalf of the Petitioner,
begi nning at 9:00 a.m, on Wednesday, June 28, 2023,
sworn renotely by Janis Jennings, Certified Shorthand
Reporter No. 3942, CCRR, located in the City of
Wal nut Creek, County of Contra Costa, State of

California.
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hzhong@rell.com
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Wednesday, June 28, 2023; 9:00 a.m

ANDREW WOLFE, Ph. D.
havi ng been previously sworn, resuned

testifying as foll ows:

EXAM NATI ON ( Resuned) 08:

BY Ms. ZHONG 08:
Q. Good norning, Dr. Wl fe. Do you mnd 09:

pul l'ing up Exhibit 1016, Ri ho, Figure 4. 09:
A Okay. 09:

Q Ckay. So in Figure 4 do you see that there 009:

are -- as shown there are four TSVs shown in 09:
Fi gure 47 09:
A. There are four that are illustrated, yes. 09:

Q Okay. And for the TSV annotated as TSV 08, 009:
they are two -- the TSV basically have switch 09:
circuits with SDRAM DO and D8; correct? 09:
A. Let's look at the text for the Figure 4 09:
enmbodi nent. Yes, | believe that's correct. 09:
Q Okay. And for TSV 15 the two array dies 09:
with switch on swtch circuits as D7 and D15 at the 09:
top of the stack; correct? 09:
A. Yes, that's ny understanding. 09:

Q. Okay. So when you drive a data bit up 09:
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TSV 08, what is the load that it needs to overcone? 09:
MR. CHANDLER: Objection. Form 09:
THE W TNESS: The specific load can't be 09:
calculated with the information that's available. | 09:
nmean there are a lot of teachings in this 09:
speci fication about how this reduces the | oad, but 09:
you woul d need nore information to quantitatively 09:
conpute the specific load for a specific -- 09:
BY Ms. ZHONG
Q Okay.
A -- for a specific TSV
Q I"mnot -- sorry. I|I'mnot |ooking for a 09:
nunber. VWhat | want to understand is when you drive 009:
data up to TSV 08, it seens that data are likely -- 09:
ae only going to be witten into either DO or D8 at 09:
the bottom Do you care about the load that's 09:
i nposed by the segnent of TSVs from D1 through D15 09:
when you drive the data bits? 09:
A I"m finding the question "do you care" to be 09:
very anbi guous. 09:
Q Okay. Do you have to overcone the | oads 09:
that's inposed by the segnents, basically the unused 09:
segments of the TSVs -- 09:
A Yes. 09:
Q -- from D1 through D157 09:
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A. Yes. As we discussed yesterday, you need to 09:

| ook at the entirety of the resistance capacitance, 09:
i nduct ance network in order to understand the | oad 09:
on the driver that is driving that TSV and that's 09:
what's illustrated in Figure 5. 09:
There are m nor differences in what the 09:

net work topol ogy is, dependi ng on whether or not a 09:
top set of die are turned on as in TSV715 which is 09:
how t hat | ast one should be | abeled or TSV 08. The 09:
topologies are a little bit different because the 09:
turned on transmi ssion gates are in a different 09:
pl ace. 09:
Q Uh- huh. 09:

A. But the patent explains in quite a bit of 09:
detail that there are resistors that are used to 09:
conpensate for sone of that difference, and that 09:
this is a good approach for trying to nake the | oads 09:
reasonably cl ose to each ot her. 09:
Q So you're saying like when you drive data up 09:

TSV 08 versus TSV 15, as far as a load attributable 09:
to the TSV segnent thenselves, they will be 09:
relatively close to each other? 09:
A Yes. Although in practice you can never 09:

| ook at the load just attributable to the TSV 09:
segnments thensel ves because the | oads all work 09:
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toget her, whether they're fromthe TSV segnents or 09:
from ot her things. 09:
Q Okay. \What about -- why don't we switch to 009:
Kim which is Exhibit 1014, Figure 5. 09:
A. Yes. 09:

Q. Okay. So in Figure 5 of Kimare the | oads 09:
fromthe TSV 1 and TSV2 nore |ike [indiscernible] -- 009:
(Clarification requested by Reporter.) 09:

M5. ZHONG |I'mtrying to figure out where 009:

did you get -- | can't get the real tinme. Sorry. 09
DEPOSI TI ON REPORTER: Okay. Wiy don't we go 09

of f the record. 09:
(OFf the record.) 09:

BY Ms. ZHONG 09:
Q So take a look at Figure 5. In Figure 5 of 009:
Kimthere are two TSVs shown, TSV 1 and TSV 2; 09:
correct? 09:
A Yes. 09:

Q Okay. TSV 1 only goes up to the die 100 or 009:

the Cl1 die; correct? 09:
A. As literally illustrated, that's true. 09:

Q Okay. And TSV 2, as illustrated, goes up to 09:

the C2 die. 09:
A Fromthe CO die, that's correct. 09:

Q Okay. And TSV 2 is longer than TSV 1, 09:
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correct? 09:
A In this specific exanple, it is. 09:

Q Okay. And so the load attributable from 09:

TSV 2, is it larger than that of TSV 1? 09:
A In the unnodified exanple of Figure 5, as 09:
illustrated, the I oad of TSV 2 would be greater than 009:
the | oad on TSV 1. 09:
Q Okay. And do you know what is the relative 09:
contribution of the load from TSV versus the array 09:
die in Kinf 09:
A No. That would be a design choice based on 009:

a nunber of ordinary considerations. One would just 009:
simply sinulate them or neasure themfor a 09:
particul ar design. 09:
Q Ckay. But do you know what's the range of 09:

the contributions due to the TSV segnent versus the 09:
array die? 09:
A No. It would vary from enbodi nent to 09:
enbodi nent, but it's an easy calculation to do once 09:
you have the details of the design. 09:
Q Okay. And why don't we go to Figure 3 of 09:

Ki m 09:
A Okay. 09:

Q. So in Figure 3 there are only two ranks 09:
shown; correct? 09:
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A. Yes. As illustrated in Figure 3, there are 09:
only two ranks shown. 09:
Q Okay. And yesterday we di scussed what -- 09:
how a POSI TA would nodify Kimin order to 09:
accommodat e four ranks, and one of the accommodation 09:
is to have, for exanple, Rank2 al so connect to the 09:
G O RankO |ine and Rank3 connected to G O Rankl 09:
l'ine. 09:
Do you renenber that discussion? 09:

A That woul d be one possible way to do it. 09:

Q. Okay. So in that configuration, and let's 09:

say the host wants to wite or read from RankO, do 09:
the wite driver and the read sense anplifiers in 09:
the other three ranks need to be switched off? 09:
A. They don't need to be switched off, but they 09
need to be not driving in the sane way as any four 09
rank -- or any four rank systemw th two buses that 09
woul d be known in the prior art. 09
Q How can you not turn them-- disable them-- 09

A Well, you don't -- 09

Q Okay. Sorry. Go ahead. 09

MR. CHANDLER: Object to form 09

THE W TNESS: You don't have to fully 09

di sable them You sinply have to block them from 09
driving the bus. The bus can only be driven by one 09
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rank at a time and that's sonething that is not at 09
all unique to Kim [It's sonmething that's a general 09:
principle in that type of rank nmultiplication and 09:
that a person of ordinary skill would know how to 09:
i npl enent fromthe prior art. 09:
BY Ms. ZHONG
Q. And how can you bl ock the driver from 09:
driving the data to the bus w thout disabling the 09:
driver circuit? 09:
A There are a nunmber of ways to do that. One 09:
is you can sinply tri-state the output stage of the 09:
driver circuit w thout disabling the driver circuit 09:
as a whole. You could also put sone type of a 09:
mul ti pl exer between the bus and the driver. You can 009:
al so put separate tri-state buffers in to build a 09:
mul ti pl exer, or you can use transm ssion gate 09:
swtches to build a nultiplexing function. 09:
There are |lots of ways to sel ect between two 09:
different circuits that are both capable of driving 09:
a bus in a way that only one of them does. There's 09:
al so a technique using what is called open drain 09:
drivers as well, and they are all comon and known 09:
in the art. 09:
Again rank multiplication was known by this 09:
time and nothing in Kimindicates that it needs to 09:
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be done in any special way. The ordinary techniques 009:
can be adapted to work with Kim 09:
Q Okay. So assune that if you are not 09:

di sabling a driver circuit but block the driver from 09:
driving the data onto the data bus, is there 09:
conmuni cati on between the G O RankO and the menory 09:
dies -- 09:
MR. CHANDLER: Object to form 09:

BY Ms. ZHONG 09:
Q -- to which the data has been bl ocked by the 09:
driver circunstances? 09:
MR. CHANDLER: Object to form 09:

THE W TNESS: There certainly could be 09:

because you could still be connected to the read 09:
sense anplifiers. |I'msorry, the other way around. 09:
You could still be selected to -- it's the 09:

read sense anplifiers that would -- you know, let me 09:
clarify everything that we said here. 09:

It's the read sense anplifiers that woul d be 09:

driving the GO, not the wite driver. 09:

BY M5. ZHONG:

Q Okay.
A Right? So that's the one that needs to be 09:
bl ocked. The wite driver can still remain 09:
connected and in conmmuni cation with G O_rank0 or 09:
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G O Rankl, that's not a problem 09:
Q But if you are just witing to Rank2 or 09:
RankO, and you have the wite driver for Rank2 on, 09:
woul dn't the data be witten into Rank2 nmenory cells 009:
as wel | ? 09:
A No. Because you woul d use the appropriate 09:
chip select or wite enables to stop that from 09:
happeni ng. 09:
Q. You' re saying the data is driven by the 09:
wite driver to the correspondi ng nenory die [cell 09:
phone interruption] -- 09:
DEPOSI TI ON REPORTER:  Counsel, can we go off 09:

t he record, please. 09:
(OFf the record.) 09:

BY Ms. ZHONG 09:
Q Dr. Wl fe, how would the chip select signal 09:

or wite enable signal stop data frombeing witten 09:
into Rank2 if both Rankl and Rank2 write drivers are 09:
enabl ed or active? 09:
MR. CHANDLER: Object to form 09:

THE W TNESS: Well, again you're tal king 09:

about a nodified design and one would nodify it in a 09:
sensi ble way as is taught in the prior art. 09:
So each of the ranks that is connected to 09:

G O RankO woul d have its own chip select and its own 009:
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write enabled, and in the ordinary course, that's 09
what those two signals are intended to do. They're 09
intended to tell the nmenory, each menory rank 09:
whet her to pay attention to the incom ng signals or 09:
to ignore the incom ng signals. 09:
The whol e point of a wite enable is that it 09:
has two possi bl e states, one saying that you shoul d 09:
write and one sayi ng you should not wite. 09:
BY Ms. ZHONG
Q Now, if you |l eave the Rank2 as well as Rankl 09:
wite drivers on all the time instead of just having 009:
them on during the wite operation, would that 09:
consune so nuch power that a POSI TA would not pursue 009:
such a design? 09:
MR. CHANDLER: Objection. Form 09:
THE W TNESS: You' d have to do the analysis. 09:
Again it depends whether or not the load fromthe 09:
wite driver is separately bl ocked. It depends on 09:
the design of the wite driver. And it depends on 09:
whet her or not a POSITA has a choice. A POSITA may 09:
have to use existing nenory die and not have an 09:
option there. 09:
So again it's -- rank nultiplication is well 09:
known. It's -- the trade-offs are well known. And 09:
a person of ordinary skill could nake the sane 09:
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engi neering design decisions in the context of Kim 09:
that they could nake in the prior art. 09:
BY Ms. ZHONG 09:
Q. VWhat do you nean by whether or not the load 09:
fromthe wite driver is separately bl ocked? 09:
Bl ocked by what and from what ? 09:
A A nmodern menory chip has billions of 09:
circuits. So even if the wite driver is on, there 09:
may not be just -- the wite driver nay not be 09:
connected directly to the nmenory array. There may 09:
be a wite enable stage that follows it. And if the 009:
wite enable stage is blocking the wite driver 09:
signals fromgoing to the nenory array, then the 09:
wite driver would use |less power than if it were 09:
connected to the nenory array. 09:
So you need to do a case-by-case anal ysis. 09:

But also, again, if -- you know, engineers have 09:
commonsense. |If the wite driver was using too nuch 09:
power, they would disable it when wite enable is 09:
not asserted or when chip select is not asserted. 09:
Q Now, based on your know edge, how nmuch -- 09:
what is the comon way of enabling and di sabling 09:
wite drivers at the tinme of the invention? |If it's 009:
at a default those wite drivers are off and only 09:
turned on or whether as default they're usually on? 09:
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MR. CHANDLER: Objection. Form 09:

THE WTNESS: It's a design choice depending 09:

on the trade-offs between speed and power and chip 09:
conplexity. |'"msure throughout the industry both 09:
t echni ques have been used and both are well wthin 09:
the skill of a person of ordinary skill. 09:
In my experience typically wite drivers are 09:

only turned on -- again it also depends on the 09:
menory type as well. It would be different for a 09:
SRAM than it would be for a DRAM than it would be 09:
for a flash. 09:
In a DRAM and in a flash, in particular, the 09:

wite drivers, there's one wite driver to the page 09:
register, there's a different wite driver to the 09:
array. Typically the wite driver to the array 09:
woul d only be turned off using and during a page 09:
refresh operation. The wite driver to the page 09:
regi ster would typically be turned on when chip 09:
sel ect and wite enable have the appropriate val ues 09:
to turn it on. 09:
But actually, again, in a nodern menory 09:

there's typically nore than one bank and there would 09:
typically be nore than one wite driver in practice. 009:
And, in fact, address bits would be used to sel ect 09:
one of themto turn on and not all of them or one 09:
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set of themto turn on and not all of them 09:
BY Ms. ZHONG 09:
Q What about the wite drivers that's in 09:

bl ock 1000? 09:
MR. CHANDLER: Object to form 09:

THE WTNESS: | don't see anything called a 09:

wite driver in block 1000. 09:
BY Ms. ZHONG 09:
Q. Well, in order for you to wite the data 09:
fromthe D2 line into to the RankO, does there need 09:
to be a driver in block 10007 09:
MR. CHANDLER: Objection. Form 09:

BY Ms. ZHONG 09:
Q Does the wite sense anplifier serve as the 009:
wite driver? 09:
A. | mean it depends how you're driving the 09:
wite driver. The wite sense anplifier wll 09:
provide signals to the wite selecting unit. 09:
Q Is it driving the data? 09:

A In the abstract everything that sends data 09:
fromone place to another is driving the data. But 09:
we usually reserve the word "driver" for things that 09:
have to drive with high | evels of power. 09:
Q. So how can the data go fromD2 to the rank 09:

to 100 without a driver? 09:
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MR. CHANDLER: Objection. Form 09:

THE W TNESS: Again it depends how you're 09:

defining the word "driver." There are circuits. A 09:
data buffer is a logic circuit. The data aligning 09:
unit is alogic circuit. The wite sense anplifier 09:
is alogic circuit. The wite selecting unit is a 09:
logic circuit. Logic circuits can propagate signals 09:
on W res. 09:
BY Ms. ZHONG 09:
Q So in your experience are those circuits 09:
turned on only when there are data signals or are 09:
they left on as a default? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It's a design choice. People 09:

choose based on what their priorities are for a 09:
particular limtation. Both are very well known in 09:
the art. 09:
BY Ms. ZHONG 09:
Q VWhen will they choose to | eave them on? 09:

MR. CHANDLER: Object to form

THE W TNESS: When will they choose to 09:

| eave them on? WAs that the question? 09:
BY Ms. ZHONG 09:
Q Correct. 09:

A. If they have determ ned that |eaving them on 09:
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wi Il inprove speed and they have decided that they 09:
prioritize speed over power. 09:
Q And when will they turn it off? 09:

A They will turn it off if they have either 09:
determ ned that they can turn them off wi thout 09:
i npacting speed or that they prioritize power 09:
savings over ultimte speed. But, again, these are 09:
choices. People can take other factors into 09:
consi deration as well. 09:
Q Okay. 09:

A Sonetinmes also things are turned on and off 09:

at certain tines to limt noise em ssions and 09:
interference with other circuits. 09:
Q And in Kimdoes it say that when you have 09:
nore than two ranks, the wite drivers would be left 009:
on, even when the corresponding rank is not witten 09:
to? 09:
MR. CHANDLER: Object to form 09:

THE WTNESS: No. [It's a design choice. 09:

There's nothing in Kimthat says that one needs to 09:
make those decisions in any particular way. A 09:
person readi ng Kimwould have know edge of the scope 09:
of the prior art at the time. It includes a w de 09:
range of designs and they could either |eave the 09:
wite drivers on or they could turn themon and off. 009:
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The same way as it has been done in the prior art. 09:
BY Ms. ZHONG 09:
Q And you nentioned that for DRAMs, at | east 09:

in your design, it's pretty typical to | eave the 09:
wite drivers off unless there are data, active data 009:
being driven to the correspondi ng rank; is that 09:
ri ght? 09:
A In nmy experience that's typical but not the 009:
only way that it's done. 09:
Q Okay. \What about for SRAMs? 09:

A Again |'ve seen both inplenmented. Sonetinmes 09:
SRAMs are used in very | ow power systens and the 09:
wite drivers are turned on and off. O sonetines 09:
the wite drivers -- because a SRAMis sonetines not 09:
that big, wite drivers can be turned on and off 09:
very quickly. O they can be left on and sone other 009:
circuit can disconnect them from buses. 09:
So both approaches are very well known. 09:

Again this is just ordinary stuff. 09:
Q Vhat is a nore typical one? 09:

MR. CHANDLER: Objection. Form 09:

THE WTNESS: | couldn't say. 09:

BY Ms. ZHONG 09:
Q. What about NAND? 09:

MR. CHANDLER: Objection. Form 09:
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THE WTNESS: So there are a |ot of 09:
different wite drivers in NAND. Again people use 09:
di fferent approaches dependi ng on what their 09:
priorities are; both powering on and off wite 09:
drivers and not powering on and off wite drivers 09:
are known at various points in the NAND chi p. 09:
BY Ms. ZHONG 09:

Q Okay. \When you -- you say that there are 09:
many write drivers in NAND, |I'mtalking about the 09:
wite driver as shown in Figure 100, assumng if 09:
Figure 3 applies to NAND nenory systenms as well. 09:
So for that particular wite driver 11, would that 09:
driver be typically turned on or off? 09:

MR. CHANDLER: Objection. Form 09:

THE WTNESS: There is no reason to make an 09:
assunption one way or another. Both are well known 09:
in the art. 09:
BY Ms. ZHONG 09:

Q In KimMs system do you know whether it will 009:
be turned on as a default or turned off as a 09:
defaul t? 09:

A Ki m doesn't express a preference either way. 09:

Q Wuld a read after wite -- the cross rank 09:
read after write collision that Kimmentions in 09:
paragraph 42 and 43, depend on whether the wite 09:
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driver is left on as a default or whether it's only 09:
turned on during the read and -- during the wite 09:
operation? 09:
A Well, in the first place, that text in 09:
paragraph 42 refers to Figure 1 and not to Figure 3. 009:
But in that case, | don't think it matters whet her 09:
or not the wite driver is turned on when it's being 09
used or whether it's turned on all the tine because 09:
the collision happens when the wite operation 09:
occurs so it is being used. 09:
Q. Okay. And in -- regardl ess whether its 09:
SRAM DRAM or NAND, the read sense anplifier would 09:
be -- would only be driving data when there is read 09:
data for a particular rank; is that right? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: This is in Figure 3 or 09:
Figure 1? 09:
BY Ms. ZHONG 09:
Q Does it matter? 09:
A So | think a sinple answer woul d be 09:
m sl eadi ng. 09:
Q Okay. 09:
A. The read sense anplifier drives data at nost 09:
when read data is avail able. 09:
Q Okay.
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A. But it also only does it when that 09:
particular rank receives the proper control signals 09:
telling it to performa read operation at a 09:
particular tine. 09:

Q. So if the particular rank is not receiving a 09:
command for a particular read operation, is a read 09:
sense anmplifier typically left on or they are 09:
usually switched off during that period? 09:

A. Again, it's a design choice. Certainly it 09:
can be left on. This is also, you know, a very 09:
sinplified design here shown in Kim A person of 09:
ordinary skill would certainly know how to | eave a 09:
read sense anplifier on and al so have a driver that 09:
is being a buffer on the other side of the read 09:
sense anplifier. That would be a comobn design that 009:
controls whether or not the line is being driven. 09:

But even if those were conbined, the 09:
anplifier itself can be left on separately fromthe 09:
guestion of whether or not it's driving. 09:

Q So in the typical design you have been 09:
involved with, is the read sense anplifier left on 09:
or off when there's no read operation? 09:

MR. CHANDLER: Objection. Form 09:

THE WTNESS: Both are well known in the 09:

art. Again, it depends on a variety of tradeoffs. 09:
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BY Ms. ZHONG 09:
Q At the time of the invention in the 09:
2009- 2010 period, what was the typical practice? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: | don't know that any practice 09:

can be characterized as typical. |'m aware of 09:
people doing it both ways. 09:
BY Ms. ZHONG 09:
Q. What about you? What is your typical 09:
desi gn? 09:
A | did not design nenory chips in that time 09:
frame. 09:
Q If both the read-wite driver and the read 09:
sense anplifiers are turned off, is a G O RankO line 009:
in the electrical comunication with rank -- let nme 09:
wi t hdraw and ask. 09:
Just focus on the wite driver and the read 09:

sense anplifier in box 100 that's connected to 09:
RankO. 09:
A Okay. 09:

Q Okay. If both the wite driver and the read 09:
sense anplifiers are turned off, they're disabled, 09:
is a GO RankO line still in comunication with the 09:
RankO nmenory devi ces? 09:
MR. CHANDLER: Objection. Form 09:
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THE WTNESS: So in the first place, there's 09:

nothing in Kimthat would indicate there's any 09:
reason to turn those both off. So that's a -- this 09:
is a conplete hypothetical. 09:
But even so, would it be in electrical 09:

conmuni cati on with Rank0? The chip selects and the 09:
control signals would still be going there. The 09:
G O _RankO signal would be communicating with -- 09:
still be conmmunicating with the wite driver and the 09:
read sense anplifier in 100. It never conmuni cates 09:
directly with RankO. It always communi cates with 09:
the wite driver and the read sense anplifier which 09:
are part of the nenory subsystem 09:
BY Ms. ZHONG 09:
Q Are they still comunicating with the wite 09:
driver and read sense anplifier if they' re turned 09:
of f? 09:
A. Yes, they're still comrunicating. Sure. 09:
Certainly with the wite driver because it's the 09:
output of the wite driver that would be turned off, 09:
not its input. 09:
Now, if there was an intervening switch, as 09:

| had suggested a person skilled in the art would 09:
know how to do, then they would not be in 09:
communi cation. But if there is no intervening 09:
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switch, then they are in electrical comrunication. 09:
Q. Okay. So if you have a transm ssion gate 09:

bet ween the G O RankO and the wite driver, is the 09:
G O RankO in conmunication with that transm ssion 09:
gate then? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: No. [It's -- a transm ssion 09:

gate is a pass through. So, no, it's not. | nean 09:
the point of the gate is to permt or disable 09:
conmuni cations, right. | mean we have to use the 09:
words in the way that a person of ordinary skill in 09:
the art would use them and the way that they were 09:
intended to be used in these docunents. 09:
BY Ms. ZHONG 09:
Q Can you explain what's the difference 09:

bet ween the G O Rank0's coupling to transm ssion 09:
gate versus its coupling to wite drivers which is 09:
al so a set of transistors? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Sure. The idea is that we 09:

need to use these words in a way that a person of 09:
ordinary skill in the art would. And the 09:
transistors in the wite driver are configured to 09:
recei ve communi cations. Were the transistors in 09:
the transm ssion gate are configured as a 09:
Page 217

41

41

41

41

41

41

41

41

41

41

42

42

42

42

42

42

42

42

42

42

42

42

42

42

42

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 217




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

pass-through switch to all ow conmuni cati ons or 09:
di sal | ow conmuni cations, and that's the way they're 09:
presented in the references that | have spoken about 09:
inthis matter and that's the way that a person of 09:
ordinary skill would interpret them 09:
And as we discussed yesterday, none of this 09:

is theoretical because the references that use the 09:
transm ssion gate switches specifically tell us that 009:
they're there to renove the electrical coupling 09:
bet ween the things on the two sides. 09:
BY Ms. ZHONG 09:
Q So what you're saying, the difference is the 09:
transm ssion gates are not designed to match the 09
data, they are only designed to either pass through 09
the data or block the data. |s that the difference? 009:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: That is not what | said. 09:

BY Ms. ZHONG 09:
Q Then can you el aborate what really is the 09:

di fference? 09:
MR. CHANDLER: Object to form 09:

BY Ms. ZHONG 09:
Q When you say the drivers are designed to 09:
receive the communication, it is also designed on 09:
the pathway to the nmenory cells; so in that sense it 009:
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is also designed to either allow the data to be 09:
transmtted to the nmenory cells or designed to block 009:
that data from being transmtted. 09:
MR. CHANDLER: Objection. Form 09:

BY Ms. ZHONG 09:
Q. So I"'mtrying to understand the difference 09:

you are trying to draw. 09:
A There's a difference between the 09:
configuration of transistors in a transm ssion gate 09:
which is not processing the inputs and producing an 09:
out put, but sinply connecting the two sides or not 09:
connecting the two sides; and the input stage of a 09:
wite driver which is designed to receive an input 09:
signal and then through | ogic produce an out put 09:
signal rather than sinply pass electricity through 09:
it. 09:
Those are two different things and a person 09:

of ordinary skill in the art would treat them 09:
differently. It would treat one as receiving a 09:
signal and another one as a pass-through swtch. 09:
And as | mentioned, the art that |'ve relied 09:

on is extrenely explicit in the way that it applies 09:
the two different circuits in that the transm ssion 09:
gate is used to allow or disallow electronic 09:
conmuni cations and a receiving circuit like a wite 09:
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driver does not have that function, and that's 09:
consistent with the understandi ng of a person of 09:
ordinary skill in the art at the tine. 09:
Q. Then can you pl ease take a | ook at 09:
Rucker bauer Figure 5 which is Exhibit 1024, 5A, 09:
Fi gure 5A of Ruckerbauer. 09:
A Okay. 09:

Q I think that yesterday we discussed the fact 09:
that TSV112A and die 110A is physically coupled to 09:
buffer 10a but is electrically decoupled fromthat 09:
particul ar buffer. 09:
Do you renmenber that discussion? 09:

A. Yes. Again, | didn't rely on Figure 5A in 09:

any way in my opinions. 09:
Q Ckay. Under st ood. 09:

So if Figure 10 the buffer is disabled by 09:
signaling; right? |Is there an electrical 09:
communi cation between the TSV 112a and that buffer 09:
circuit -- 09:
MR. CHANDLER: Obj ecti on. 09:

BY Ms. ZHONG 09:
Q -- given that the buffer is designed also to 09:
receive an input signal and output signal if it is 09:
enabl ed; right? 09:
MR. CHANDLER: Objection. Form 09:

Page 220

48
48
48
48
48
49
49
49
49
49
49
49
49
49
49
49
50
50
50
50
50
50
50
50
50

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 220




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

THE WTNESS: Well, | think we have to | ook 09:

at that in the context of the disclosure where 09:
Exhi bit 1024 tells us specifically at colum 10, 09:
line 6 through 8, the dash lines are not used for an 009:
el ectrical coupling. 09:
BY Ms. ZHONG 09:
Q Under st ood. 09:

But el ectrical conmunication doesn't cone 09:
fromeither Ruckerbauer or Riho or Kim it cones 09:
fromthe '060 patent. And you gave me your 09:
interpretation of what that term nmeans in the 09:
context of the '060 patent. 09:
' masking you to apply that understandi ng 09:

to Ruckerbauer and you gave an explanation to ne 09:
just now as to why in the Kimcircuit, even if the 09:
wite driver and the read sense anplifiers are 09:
di sabl ed, there would still be communication between 09:
the G O RankO and the wite driver and the read 09:
sense anplifier. And I'"'mtrying to understand why 09:
that sane rational would not apply to Ruckerbauer 09:
112a and 10a coupling. 09:
A Because Rucker bauer doesn't give us the sanme 09:

| evel of circuit detail and he tells us that there 09:
is no electrical coupling. So when | take his 09:
teaching as a whole, | would accept them 09:
Page 221

50
50
50
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
52
52
52
52
52
52

Veritext Lega Solutions
Caendar-CA @veritext.com 866-299-5127

Samsung Electronics Co., Ltd.
Ex. 1042, p. 221




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Q Well, it tells you that it's a buffer 09:
circuit; right? 09:
MR. CHANDLER: Objection. Form 09:

BY Ms. ZHONG 09:
Q What is a buffer circuit? 09:

A Where does it tell us that what is the 09:
buffer circuit? 09:
Q Colum 9, the last line, it says, 09:
"Bi-directional buffers 10a or 10b." 09:
A Yes. But it doesn't tell us howit's 09:
physi cal |y connect ed. 09:
Q What do you nean it doesn't tell you how 09:
it's physically connected? 09:
A It tells us that there is a bi-directional 09:
buffer but it doesn't -- and there is a physical 09:
connection, but it doesn't give us nore details 09:
about that physical connection and it does tell us 09:
that they're not electrically coupl ed. 09:
Q VWhy don't you take a | ook at Figure 3A 09:

Do you see the circle on the right -- 09:

there's a dash with a circle on the right with 10a? 09:
A Okay. 09:

Q Does that give you the circuitry detail? 09:

A. |'"d have to do sone nore reading, but I can 09:
certainly see that there are sone intervening things 09:
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there that -- yeah, | would have to | ook at the 09:
drawi ng. Al though, again, | didn't rely on 3A for 09:
my opinions so I'mnot all that famliar with it. 09:
Q. So your conclusion regarding the Figure 3A  09:

is that there's a direct connection between the 09:
wite driver and the Gl O_RankO |ine? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: | haven't reached any 09:
concl usi ons about Figure 3A 09:
BY Ms. ZHONG 09:
Q. " mtal ki ng about Kim 09:

MR. CHANDLER: Objection. Form 09:

THE W TNESS: Can | hear the question again? 09

There is no Figure 3Ain Kim 09:
BY Ms. ZHONG 09:
Q Sorry. 09:

So your conclusion regarding Kims Figure 3 09

is it based on the fact that the GO RankO line is 09
connected directly with the wite driver 11 and read 09
sense anplifier 12? 09
MR. CHANDLER: Objection. Form 09

THE WTNESS: | don't understand the 09

guesti on. 09
BY Ms. ZHONG 09
Q Didn't you conclude that even if the wite 09
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driver 11 and read sense anplifier 12 are turned 09:
off, there would still be electrical conmunication 09:
bet ween the G O RankO and RankO because, in your 09:
opi nion, there would still be signal going into the 09:
wite driver and the read sense anplifier -- going 09:
into the wite driver, even if it's disabled or 09:
turned of f? 09:
A So you asked nme to nake a nunber of 09:
hypot heti cal assunptions there that are not in Kim 09:
and based on the Kimdisclosure that doesn't show 09:
any intervening circuits or any further details, 09:
yes, that would be ny conclusion is that Kimteaches 009:
that there is an electrical coupling there, and 09:
addi ng sone hypot hetical assunptions about things 09:
bei ng turned on and off would not in nmy m nd 09:
overcone that teaching. 09:
Q Ckay. So your conclusion is based on the 09:
fact that there are no intervening circuit elenents 09:
between the wite driver and the G O RankO; is that 09:
correct? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: No. M conclusion is based on 09:

the teachings of Kimas a whole which teaches that 09:
the intent is that the wite selecting unit 09:
communi cates electrically over G O RankO with the 09:
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wite driver and the read sense anplifier. 09:
BY Ms. ZHONG 09:
Q And if the wite driver includes a 09:
transm ssion gate that's not shown, does your 09:
conclusion still remain the same? 09:
A | don't have any opinion on that. Again, 09:
that's an inconplete hypothetical and it's not 09:
sonet hing that | consi dered. 09:
Q. Okay. And does your conclusion change if 09:
Kims wite driver or read sense anplifier includes 09:
a transm ssion gate that can be switched off? 09:
A. Again, | don't have an opinion on that. 09:
think that's an inconpl ete hypothetical. 09:
Q Ckay. And woul d your conclusions change if 009:

the wite driver and the read sense anplifier 09:
includes a transm ssion gate and the transm ssion 09:
gates are disabled as in Ri ho? 09:
A If it were done as in Riho, then when R ho's 09:
transm ssion gates are turned off, they stop 09:
el ectrical communication. So that would change ny 09:
opi ni on, yes. 09:
I mean it would be a different opinion but 09:

not a changed opinion. But that's a different 09:
conmbined circuit, it's a nodified circuit, and in 09:
t hat case when Ri ho's transm ssion gates are on, 09:
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there would be electrical communi cati on; and when 09: 59

Ri ho's transm ssion gates are off, there would not 09: 59

be electrical communi cati on. 09: 59

M5. ZHONG G ve ne a second. Let ne just 09: 59

turn off the phone. 09: 59
BY Ms. ZHONG 10: 00
Q. Does Kim provide any circuit details 10: 00
regardi ng what -- 10: 00
(Clarification requested by Reporter.) 10: 00
BY Ms. ZHONG 10: 00
Q. Does Kim provide any circuit |level detail as 10:00
to any of the blocks shown in Figure 3? 10: 00
A. No. Those are all common bl ocks that a 10: 00
person of ordinary skill in the art would know how 10: 00
to i nmpl enent. 10: 00
M5. ZHONG  Okay. Wiy don't we take a 10: 00
10 m nute break. 10: 00
MR. CHANDLER:  Okay. 10: 00
(OFf the record.) 10: 00
MS5. ZHONG. Thank you very nuch, 10: 19
Dr. Wilfe, and | wll pass the w tness. 10: 19
MR. CHANDLER: Let's take a break. Maybe 10: 19
15 m nutes. 10: 19
MS. ZHONG  Okay. 10: 19
(OFf the record.) 10: 19
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MR. CHANDLER: Thank you. | have no 10:
gquestions so that will conclude the deposition. 10:
We woul d |ike an opportunity to review the 10:
transcri pt and make corrections if needed, and to 10:
that end we would request a final version of the 10:
transcri pt by Thursday, July 6th, on our end with 10:
t he understandi ng that the patent owner may want a 10:
copy earlier than that. But we only need it by 10:
Thur sday July 6t h. 10:
MS. ZHONG  Thursday the July 6th is fine 10:

with us as well. 10:
DEPOSI TI ON REPORTER: And, Counsel, do you 10:

bot h want a rough transcript of this norning? 10:
MS. ZHONG. Yes, please. 10:

MR. CHANDLER:  Yes. 10:
DEPOSI TI ON REPORTER:  Okay. Thank you very 10:

much. We are off the record. 10:
(Ending tine: 10:32 a.m) 10:
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|, ANDREW WOLFE, do hereby decl are under

penalty of perjury that | have read the foregoing

transcript; that | have nmade correcti ons as appear

noted, in ink, initialed by ne, or attached hereto; that

my testinony as contained herein, as corrected, is true

and correct.

2023, at

EXECUTED this __ day of ,

(City) (State)

ANDREW WOLFE
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[, JANI' S JENNI NGS, CSR No. 3942, Certified
Short hand Reporter, certify:

That the foregoing proceedi ngs were taken
before nme at the tinme and place therein set forth, at
which tinme the witness was duly sworn by ne;

That the testinmony of the w tness, the
guestions propounded, and all objections and statenents
made at the time of the exam nation were recorded
st enographically by nme and were thereafter transcri bed;

That the foregoing pages contain a full, true
and accurate record of all proceedings and testinony.

Pursuant to F.R C.P. 30(e)(2) before
conpl etion of the proceedings, review of the transcript
[ X] was [ ] was not requested.

| further certify that | amnot a relative or
enpl oyee of any attorney of the parties, nor financially
interested in the action.

| declare under penalty of perjury under the
|aws of California that the foregoing is true and
correct.

Dated this 5th day of July 2023.

\ V v
JANI'S JENNINGS, CSR NO. 3942

CLR, CCRR
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I, ANDREW WOLFE, have read the transcript of my deposition taken on

June 27-28, 2023. Listed below are changes to the transcript that I wish to make

and the reasons for making them:

o Reason for
Page:Line Now Reads Should Read T Change
5:7 Ranjan Rajan Typographical
error
10:16—:18 | It is a model used to | It is a model used to
illustrate what the illustrate what the
effective resistant effective resistive and )
A ST . —————=—| Typographical
capacitive load would | capacitive load would error
be of that portion of | be of that portion of
the through silicon the through silicon
via. via.
13:7 each portion of the each portion of the Typographical
PSD TSV error
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Reason for

Page:Line Now Reads Should Read Chanae

15:13—:21 | A. The most common | A. The most common
one that | use in this | one that | use in this
kind of a context is kind of a context is
that it is simply an that it is simply an
interconnection of interconnection of
electronic electronic
components, but components, but
there are some times | there are some times
in some context in some context
where people use the | where people use the :
word "circuit" to word "circuit" to Typographical
mean something that | mean something that | &M°"
has a complete has a complete
electrical path. And | electrical path. And
that -- that --
Q. Okay. Q. Okay.
A. -- the common A. -- is the common
dictionary definition | dictionary definition
and these switches and these switches
don't meet that don't meet that
definition. definition.

17:8—:12 | Q. Does the driver -- | Q. Does the driver --
does the driver in the | does the driver in the
L1R1C2 equivalent | L1R1C2 equivalent
circuit impose a load | circuit impose a load
on the TSV? on the TSV? Typographical
error

THE WITNESS: It's
not a normal way we
would phrase that
discussion.

THE WITNESS: It's
not a normal way we
would phrase that

question.
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Page:Line

Now Reads

Should Read

Reason for

Change
19:18-:21 | THE WITNESS: THE WITNESS:
What do you mean by | What do you mean by
turned off? turned off? Typographical
error

Q. Try to save it, for
example.

Q. Tri-stated, for
example.

29:8—:14

He has made the
design decision to not
enact D14's driver
circuits or D14's
memory array at all
to TSV 715 since that
would offer no
benefit and would
needlessly slow down
the circuit and
consume more
power.

Q. Okay. So why
can't D15 and D14
connect to both TSV
715 and offer it
simultaneously?

He has made the
design decision to not
connect D14's driver
circuits or D14's
memory array at all
to TSV 715 since that
would offer no
benefit and would
needlessly slow down
the circuit and
consume more
power.

Q. Okay. So why
can't D15 and D14
connect to both TSV
715 and operate it
simultaneously?

Typographical
errors

31:11-:15

But Riho treats D14
and D15 as two parts
of the same data
work. Each one
supplies 32 bits. They
are operated at the
same time and each
of one requires 32
wires to communicate
those 32 bits. That's
its mode of operation.

But Riho treats D14
and D15 as two parts
of the same data
word. Each one
supplies 32 bits. They
are operated at the
same time and each
one requires 32 wires
to communicate those
32 bits. That's its
mode of operation.

Typographical
errors
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Page:Line

Now Reads

Should Read

Reason for
Change

34:22-35:1

So if the dies belong
to the same rank,
what would happen if
a read command is
sent to the stack

So if the dies belong
to the same rank,
what would happen if
a read command is
sent to the stacked

Typographical

array? Does that array? Does that error
mean all eight of the | mean all eight of the
dies in the same rank | dies in the same rank
IS going to output IS going to output
data simultaneously? | data simultaneously?
36:21-:24 | So you think "rank™ | So you think "rank"
can refer to a set of can refer to a set of
family devices that DRAM devices that
read or write less than | read or write less than | Typographical
a full bit width of the | a full bit width of the | error
memory module in memory module in
response to command | response to command
signals? signals?
38:11-:14 | If the 8 dies normally | If the 8 dies normally
operate together and | operate together and
output 64 bits, the output 64 bits, the
fact that there is an fact that there is an T hical
additional operation | additional operation ypographica
. . . . error
in which only one in which only one
operates does not operates does not
make the 8s stop make the 8 stop being
being a rank. a rank.
47:24-48:1 | they have a very tiny | they have a very tiny

capacitive load and
don't impact the

capacitives that you
are trying to measure

capacitive load and
don't impact the

capacitance that you
are trying to measure

Typographical
error
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Page:Line

Now Reads

Should Read

Reason for

Change
50:9—:16 | Q. Okay. And each of | Q. Okay. And each of
the circuits would the circuits would be
decide appropriately | sized appropriately in
in order to order to
accommodate the accommodate the
expected maximum | expected maximum
load coming from the | load coming from the
driver circuit; is that | driver circuit; is that | Typographical
right? right? errors
THE WITNESS: Not | THE WITNESS: Not
necessarily. They necessarily. They
would be sized would be sized
appropriately to appropriately to
support the designer | support the desired
current. current.
53:4 techniques like find | techniques like finite | Typographical
an element analysis | element analysis error
57:19—:21 | Let's assume that Let's assume that

Rank2 is connect --
has audio probe
signals and the wires
and are connected to
the GIO_Ranko;
right?

Rank2 is connect --
has appropriate
signals and the wires
and are connected to
the GIO_Ranko;
right?

Typographical
error
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Page:Line

Now Reads

Should Read

Reason for

Change

59:4—:8 | You would need to You would need to

provide them with provide them with

documentation of the | documentation of the

components that they | components that they

are given so the are given for the

various memory various memory Typographical

components, the components, the error

various controller various controller

components, or you | components, or you

would give them the | would give them the

freedom to redesign | freedom to redesign

them. them.
69:9-:14 | are you aware of any | are you aware of any

NAND memory NAND memory

systems in which the | systems in which the

NAND memories are | NAND memories are

all 9 and ranked and | organized in ranks

one NAND -- and the | and one NAND -- :

memory -- the and the memory -- Typographical

error (see 69:21)

NAND memory in
Rank1 would perform
a read operation after
a write operation on
Rank1 is performed?

the NAND memory
in Rank1 would
perform a read
operation after a
write operation on
Rank1 is performed?

86:14—:15

We do that all the
time. We tie the data
output chips from
multiple chips
together.

We do that all the
time. We tie the data
output pins from
multiple chips
together.

Typographical
error

Samsung Electronics Co., Ltd.

Ex. 1042, p. 237



Reason for

Page:Line Now Reads Should Read Chanae
88:2—:8 | THE WITNESS: No. | THE WITNESS: No.
| have not considered | | have not considered
a case where 100 and | a case where 100 and
200 belong to the 200 belong to the
same rank. same rank.
Q. Do you think that | Q. Do you think that :
the system would the system would ;I'%gcr)graphlcal
work if 100 and 200 | work if 100 and 200
are not the same are in the same
physical rank? physical rank?
A. | think a person of | A. | think a person of
ordinary skill could | ordinary skill could
make that system make that system
work .... work ....
90:5-:9 | Q. Andso you are Q. And so you are

grouping the two grouping the two
bottom dies, 417C bottom dies, 417C
and 417B, as one and 417D, as one
group and the two top | group and the two top
dies, 417A and the dies, 417A and the Typographical
4178, as another 417B, as another error

group; correct?

A. That would be one
embodiment that
would be obvious,
yes.

group; correct?

A. That would be one
embodiment that
would be obvious,
yes.
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Page:Line

Now Reads

Should Read

Reason for

Change
90:19-:21 | In this [see note]
01:23-92:1 | implementation, you
would have two
ranks, one rank
would be 417A and
417C, and the other
rank would be 417B No Change’ but this
and 417D. was further
clarified at 92:5-
Q. What did you rely 14,
on? Did you rely on
417A and 417C be in
one rank, and 417B
and 417D in another
rank?
A. Yes.
104:5—:8 | I'm reading this out of | I'm reading this out of
context, but it seems | context, but it seems
to indicate that one to indicate that one Typographical
way of achieving way of achieving error
connectivity is to use | connectivity is to use
an enabled signal. an enable signal.
107:24 | Riho is the one with | Riho is the one with Typographical
the transmission the transmission error
gauge. gates.
122:17—:19 | Ruckerbauer told us | Ruckerbauer told us
that the solid line in | that the solid line T raphical
is that they are means that they are ypographica
e R error
connected in his connected in his
design. design.
126:9—:11 | Wyman is suggesting | Wyman is suggesting

to connect the TSVs
to different paths of
the circuits Figure 5 -
- in Figure 5

to connect the TSVs
to different taps of
the circuits Figure 5 -
- in Figure 5

Typographical
error (see 127:3-:9)
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Page:Line

Now Reads

Should Read

Reason for

Change
127:24— | But the circuit is the | But the circuit is the
128:1 same. If the circuitis | same. If the circuit is
through the driver through the driver Typographical
500, where's the four | 500, there's the four error
drive circuits but with | drive circuits but with
different taps; different taps;
correct? correct?
128:13-:21 | One, the suggestions | One, the suggestions
also include taps T2 | also include taps T2
and taps T3 for the and taps T3 for the
particular example in | particular example in
Figure 8, but also the | Figure 8, but also the
taps that I identified | passage that |
previously explains identified previously
that Figure 5 can be | explains that Figure 5
embodied or can be embodied or :
Typographical

implemented in many
different ways,
including one driver
supporting multiple
taps, one driver
supporting one tap, or
multiple drivers
supporting each tap.
So all of those are
contemplated by
Wyman.

implemented in many
different ways,
including one driver
supporting multiple
taps, one driver
supporting one tap, or
multiple drivers
supporting each tap.
So all of those are
contemplated by
Wyman.

error (see 127:15-
:22)
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Reason for

Page:Line Now Reads Should Read Chanae
129:15-:19 | But the circuit size But the circuit size
for the 500, that is for the 500, that is
set; right? The silicon | set; right? The silicon
-- the space it -- the space it
occupies on the occupies on the
silicon, that is the silicon, that is the Typographical
same regardless of same regardless of error (see 127:3-:9)
which path you which tap you happen
happen to be using or | to be using or which
which of the multiple | of the multiple
combination taps you | combination taps you
will be using; right? | will be using; right?
136:22 | Weiman Wyman Typographical
error
138:18—:20 | So Claim 1 of the So Claim 1 of the
'160 patent says a '160 patent says a
first data conduit first data conduit Typographical
including first driver, | including first error
each having a first drivers, each having a
driver size. first driver size.
139:4—:5 | Are you aware of any | Are you aware of any
designs in which the | designs in which the Tvooaraphical
driver size are the driver size are the er};grg P

same regardless of
the mode?

same regardless of
the load?

Samsung Electronics Co., Ltd.

Ex. 1042, p. 241



Reason for

Page:Line Now Reads Should Read Chanae
140:5-:9 | So if the loads on So if the loads on
each of the TSVs are | each of the TSVs are
die interconnects, are | die interconnects, and
the designs the same | the designs are the
but due to same but due to
manufacturing manufacturing Typographical
variances there are variances there are error
differences, would differences, would
you design a drive you design a drive
circuit with different | circuit with different
driver sizes or the driver sizes or the
same driver size? same driver size?
158:12—:20 | The logic LSI chip, at | The logic LSI chip, at

the proper point in
time, would drive a
data value,a0Ooral,
into TSV 715, that
current would change
the voltage in the
entire net froma 0 to
a 1, and because
switch sa is on, that
net would include the
input receiver that is
on D15 that
corresponds to this
particular bit, and
that, again, for most
memory plates would
then buffer that signal
and drive it into some
type of a register or
flip-flop.

the proper point in
time, would drive a
data value,aOoral,
into TSV 715, that
current would change
the voltage in the
entire net froma 0 to
a 1, and because
switch sa is on, that
net would include the
input receiver that is
on D15 that
corresponds to this
particular bit, and
that, again, for most
memory states would
then buffer that signal
and drive it into some
type of a register or
flip-flop.

Typographical
error
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Page:Line

Now Reads

Should Read

Reason for
Change

169:3—:5

In SDRAM D15, and
the electrical path

In SDRAM D15, in
the electrical path

between TSV 715 between TSV 715
and the receiver and the receiver Typographical
circuit is only circuit, it’s only errors
intersected by the separated by the
switch circuit sa; switch circuit sa;
correct? correct?
171:12—:16 | So the time that it So the time that it

takes for you to takes for you to
charge up the charge up the
receiver circuit, receiver circuit, there
where is the charge is the charge that is
that is coming off coming off TSV 715 | Typographical
TSV 715 in D15 that | in D15 that would error
would only depend only depend on the
on the current that the | current that the
transmission gate in | transmission gate in
sa can pass; is that sa can pass; is that
correct? correct?

178:8-:10 | So Riho tells us that | So Riho tells us that
the capacitive load of | the capacitive load of Typographical
saandsbonD14in |saandsbon D14 in error
TSV 715 is not TSV 715 is not
insignificant. significant.

181:2—:8 |is it an electrical is it in electrical
communication?....1t's | communication?....It's
an electrical in electrical
communication when | communication when | Typographical
it's on, and itis not an | it's on, and it is not in | error

electrical
communication when
it's off.

electrical
communication when
it's off.
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Page:Line

Now Reads

Should Read

Reason for

Change
197:13—-:16 | What | want to What | want to
understand is when understand is when
you drive data up to | you drive data up to
TSV 08, it seems that | TSV 08, it seems that | Typographical
data are likely -- ae data are likely -- are | error
only going to be only going to be
written into either DO | written into either DO
or D8 at the bottom. | or D8 at the bottom.
201:16 | They don't need to be | They don't need to be
switched off, but they | switched off, but they
need to be not driving | need to be not
in the same way as driving, in the same
any four rank -- or way as any four rank | Typographical
any four rank system | -- or any four rank error
with two buses that system with two
would be known in buses that would be
the prior art. known in the prior
art.
205:1 write enabled write enable Typographical
error
207:15-:17 | Typically the write Typically the write
driver to the array driver to the array
would only be turned | would only be turned | Typographical
off using and during a | off usually duringa | error
page refresh page refresh
operation. operation.
208:16—:17 | | mean it depends | mean it depends hical
how you're driving how you're defining Typographica
error

the write driver.

the write driver.
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Page:Line

Now Reads

Should Read

Reason for

Change
So what you're So what you're
saying, the difference | saying, the difference
IS the transmission Is the transmission
gates are not gates are not
918:12—:15 designed to match the | designed to catch the | Typographical

data, they are only
designed to either
pass through the data
or block the data. Is
that the difference?

data, they are only
designed to either
pass through the data
or block the data. Is
that the difference?

error

| hereby certify that the transcript of my deposition on June 27-28, 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:

July 26, 2023

/// g

Andrew Wolfe
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