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THURSDAY, MARCH 16, 2023; 9:06 A M

ANDREW WOLFE, Ph. D.,
the wi tness herein, was sworn and

testified as foll ows:

EXAM NATI ON 08:

BY Ms. ZHONG 08:
Q Good norning, Dr. Wolfe. 08:

A. How are you? 09:

Q Can you please -- good. 09:

Can you please state your full name for the 09:

record? 09:
A Andrew Wl f e. 09:

Q Okay. Dr. Wlfe, you're famliar with fully 09
buffered dual in-line menory nodul es; correct? 09:
(Clarification requested by Reporter.) 09:

BY Ms. ZHONG 09:
Q. Dr. Wolfe, you are famliar with fully 09

buf fered dual in-line nmenory nodul es; correct? 09:
A. I"'mfamliar with that termas it is used in 09:
certain JEDEC st andards. 09:
Q And fully buffered dual in-line nmenory 09
nodul es are abbreviated as FB-DI MM correct? 09:
A. Sonmeti nes they are. 09:
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Q Okay. So if | use the abbreviation FB-D MM 009:

can we agree that | amreferring to the fully 09:
buffered dual in-line nmenory nodul es? 09:
A As specified in the JEDEC specifications? 09:

Q Sur e. 09:

A Okay. 09:

Q. And FB-DI MM i ncludes a buffer on a nenory 09:
nodul e; correct? 09:
A Yes, as that's defined in the JEDEC 09:
specification, yes. 09:
Q Okay. And that buffer is referred to as an 009:
advanced nenory buffer or AMB; correct? 09:
A In some cases it is. 09:

Q The AMB receives information froma nmenory 09:
controller of a host system is that correct? 09:
A Under certain circunstances that can be 09:
true. 09:
Q Under what circunstances it is not true? 09:

A Well, if you buy an FB-DIMM and it's still 09:

in the box, it doesn't receive anything from any 09:
menory controller. You have to install it in a 09:
conmput er system and you have to configure the 09:
conmput er system properly and you have to operate the 009:
conmput er system 09:
Q Okay. So when the FB-DIMMis inserted into 009:
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a nmenory slot of a properly configured conputer 09:
system the AMB will receive information fromthe 09:
menmory controller of the host systenm is that 09:
correct? 09:
A It needs a little bit nore than that. It 09:
actually needs to be -- the conputer systemneeds to 009:
be operating, and it needs to be programmed to 09:
interact with that particular nmenory nodul e. 09:
Q Ckay. So assune that if the FB-DIMM i s 09:
inserted into a nmenory slot, a properly configured 09:
conmputer systemthat is operating and that is 09:
programed to interact with the particular nmenory 09:
nodul e, the MB receives information fromthe nmenory 09:
controller of that host system is that correct? 09:
A That woul d normally be true. 09:

Q. Okay. And what information is received by 09:

the AMB fromthe nmenory controller in that 09:
situation? 09:
A Let ne | ook at the specification. 09:

Q. When you say "specification,” which exhibit 09:

are you referring to? 09:
A 1027. 09:

Q 10277 09:

A Yes. 09:

Q. Okay. And that's JSD82-20; is that correct? 09:
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A Yes. 09:

Q Okay. 09:

A The AMB receives clocks, it receives address 09:
command bits, and it receives data and data strobe 09:
si gnal s. 09:
Q. Where are you | ooking at? 09:

A " m | ooking at Figure 1.1. 09:

Q. And whi ch page? 09:

A 3. 09:

Q Page 3. 09:

And you are referring to the output on the 09:

DDR I/ O side; is that correct? 09:
A. Correct. That's where it outputs the 09:
information that is received over what are called 09:
nor t hbound/ sout hbound | i nks. 09:
Q. What information -- |'m asking what 09:
information it is received,. 09:
A Well, that's the information that's 09:
received. |It's received over the northbound and 09:
sout hbound I'inks in an encoded form 09:
Q Why don't you take a |l ook at Exhibit 1028. 09:

A. Ckay. 09:

Q Can you take a | ook at pages 11 and 12 of 09:
Exhi bit 1028. 09:
A Yes. 09:
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Q Where are the address pins? 09:

A | didn't say there were address pins. The 09:
pins are the northbound and sout hbound | anes. The 09:
information that gets conveyed does incl ude 09:
addr esses. 09:
Q. So there are no address pins or control 09:

pi ns? 09:
MR. CHANDLER: Object to form (Object to 09:

form 09:
THE W TNESS: There are no pins -- well -- 09:
DEPOSI TI ON REPORTER: Excuse nme, M. Wl fe. 009:
|"'msorry to interrupt. |'mgetting an audio 09:
f eedback from sonebody. Can we go off the record 09:
real quick and let's see where it is comng from 09:
pl ease. 09:
MS. ZHONG  Sure. 09:

(OFf the record.) 09:

BY Ms. ZHONG 09:
Q. So there are no address pins or control 09:
pins; is that correct, Dr. Wl fe? 09:
MR. CHANDLER: Object to form 09:

THE WTNESS: No. | think that that would 09:

be m sl eading. There are no pins that have those 09:
specific nanmes and there are no -- when you talk 09:
about -- pins on the DIMW |s that the question? 09:
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BY Ms. ZHONG 09:
Q Correct. 09:

A. Yeah. There are no DI MM pins that have 09:

t hose specific nanmes, but there are pins, the 09:
nort hbound and sout hbound | anes, that carry that 09:
information so they performthat function. 09:
Q And the address and the control information 09:

are sent as serialized packets; is that correct? 09:
A. Serialized packets? They -- yes. They 09:

are -- the information is sent to the advanced 09:
menmory buffer in the formof serialized packets. 09:
Q Ckay. So unlike the nost common DIMV with 009:

t he dedi cated second address and the control pins, 09:
t he FB-DI MM does not have dedi cated address and 09:
control pins; is that correct? 09:
MR. CHANDLER: Object to form 09:

THE WTNESS: | want to be clear. Wen we 09:

tal k about the nost common DI MMs, | assune we are 09:
tal ki ng about unbuffered DI MV of sonme type and, of 09:
course, there are a nunmber of different types that 09:
were known at the tinme of the filing of these 09:
patents. There are nore types known today. 09:
Those generally have pins that are used for 09:

address and control, but there are often pins that 09:
are shared between address functions and control 09:
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functions. So to that extent, they are not 09:
dedi cated to one or the other. 09:
But as | expl ained before, the northbound 09:

and sout hbound | anes on the fully buffered DI MM are 09:
used for address and control communications, but 09:
they are al so used for data conmmuni cati ons. 09:
BY Ms. ZHONG 09:
Q. Okay. So in the nost common DI Mvs, such as 09:

RDI MV, or registered DI MM, SODI MV, snmall outlined 09
DI MVMS and the output DI MM connection -- 09:
(Clarification requested by Reporter.) 09:

BY Ms. ZHONG 09:
Q -- SODI Ms, or small outlined DI Mvs, and 09:
unbuffered DIMVs. Small outlined DI MV, yeah, 09:
SODI Mvs, and unbuffered DI MV or UDI Mvs. 09:
So in those DIMVs, data is not sent on the 09:

sane pins as for address signals; is that correct? 09:
MR. CHANDLER: Objection to form 09:

THE WTNESS: O course, there are many 09:

di fferent generations of those DIMMtypes at 09:
different times and each one has its own 09:
specification, so | would need to review themall to 09
gi ve you an absol ute answer. 09:
But ny recollection is that, generally, 09:

there are separate pins that are used for data 09:
Page 11
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conmuni cati on as opposed to the pins that are used 09:
for address and conmands. 09:
BY Ms. ZHONG 09:
Q. Okay. But in FB-DI Mvs, they are sent on the 09:
sane pins as for conmand and address; is that 09:
correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Between the host conputer and 09:

the FB-DIMM that is the case. 09:
BY Ms. ZHONG 09:
Q Okay. \What's an FB-DIMV? That's only for 09:

the DDR2; correct? There are no DDR3 FB-DI MVs as 09:
far as you know? 09:
A. | don't recall one way or the other. There 09:
certainly is a DDR2 FB-DI MM 09
Q Does your declaration rely on DDR3 FB-DI Mvs? 09:

A Not that | can recall. 09:

Q And there are no DDR4 FB-DI MVs; correct? 09:

A | don't recall referring to any in ny 09:
decl arati on. 09:
Q Ckay. So your declaration only referred to 009:

a DDR2 FB- DI Mvr? 09:
A. As far as | can recall right now 09:

Q Okay. VWhat is a term nation voltage? 09:

A I n general ? 09:
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Q For use with -- let nme wthdraw and ask.

Is a term nation voltage used in connection

with a DDR2 FB- DI Mv?
A. | believe it is, yes.
Q Okay. What is it used for?
MR. CHANDLER: Objection. Form
THE WTNESS: It's used to provide power to
signal term nation networks.
BY MS. ZHONG

Q What does "signal term nation" nean?

A. What does -- as | used it in that previous
phrase?

Q Correct.

A VWhen a hi gh-speed signal passes over a wire
that has what we call transm ssion |line properties,
there is potential for that signal to reflect back
fromthe end of the wire.

Q Uh- huh.

A We can reduce those reflections using what's
called a term nation network, and in nany cases,
that term nation network is powered.

Q So termnation -- signal termnation is not
required if you have a | owspeed signal; is that
correct?

MR. CHANDLER: Objection. Form
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THE WTNESS: It depends on the
characteristics of the -- of the wiring and the
vol tages that are used and the wiring properties and
what your definition of |ow speed is.

The speed of the signal with respect to
term nation requirenments has to do with the spectra
di stribution of the energy, and that is primarily
reflected by the signal transition speed, not the
total anount of data that's being conmuni cat ed.

BY MS. ZHONG

Q So in DDR2 FB-DI MM what signals are the
term nation voltage used to term nate?

A. The VIT voltage is used to term nate the
signals going to the DRAM chips. | would have to go
t hrough the spec very carefully to figure out if
there were other places where it's used.

Q. Why don't you take a | ook at Exhibit 1028,
page 11, and the pin nane for VIT as well as the
correspondi ng descri pti on.

A | see that.

Q So which signals are used to term nate with
VTT?

A. Well, as | said, | -- the ones that | recal
are address command and clock signals to the DRAMs,

but | would have to | ook very carefully at the
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specification to see if there were any others.
That's the one that's docunented on, for exanple,
page 15 or page 14.

Q. Soif -- in FB-DIMM if address command
signal information is transmtted on the sanme --
t hrough the same pin as for data, how can VTT be
sel ectively term nating the address command and
cl ock signals but not the data?

MR. CHANDLER: Objection. Form

THE W TNESS: Are you referring to sonething

in ny declaration?

BY Ms. ZHONG

Q "' mjust asking you.

A So you're asking me about an unnodified
FB- DI Mv?

Q Correct.

A. I|"msorry. Can | hear the question one nore
time?

Q. In FB-DIMM you said that the address and

command information is transnmtted on the same pins

as for data; correct?

MR. CHANDLER: Object to form

THE W TNESS: From the host, that is true.

Not to the DRAMs.

Il
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BY Ms. ZHONG 09:
Q Okay. So how can the FTT be used 09:

to selectively term nate the address and command 09:
informati on signals but not the data signal s? 09:
MR. CHANDLER: Objection. Form And | 09:

think you said "FTT." 09:
(Clarification requested by Reporter.) 09:

MS. ZHONG.  FTT -- VIT. 09:

MR. CHANDLER: Even with that correction, 09:
objection to form 09:
THE WTNESS: So VIT can be used to 09:
selectively enable term nation between the AMB and 09:
the DRAMs on the address and command signals w thout 009:
i npacting the term nation of the data signals. 09:
BY Ms. ZHONG 09:
Q. So where on the term nation resistors placed 09:
between the FTT pins and the address command cl ock 09:
signals to the DRAM or they are term nated on the 09:
not her boar d? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Usually there is a term nation 09:

on each end, but there would be term nation near the 009:
DRAMs for the address control signals. There are 09:
numer ous ot her places where there's term nation, but 09:
| believe on FB-DIMM the other term nations would 09:
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primarily be on-chip term nations. 09:
BY Ms. ZHONG 09:
Q. The on-chip term nations is not part of the 009:
F -- VIT;, correct? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: On an unnodified FB-DIMM | 09:
believe that's correct. 09:
BY Ms. ZHONG 09:
Q And in the nodified Harris FB-DI MM how 09:
woul d that differ? 09:
Let me withdraw and ask it this way. 1In 09:
your declaration, you didn't say that the FTT -- |let 009:
me w t hdraw and ask. 09:
I n your declaration, you do not say that the 09:
VIT woul d operate any differently in the Harris 09:
FB- DI MM and t he JEDEC-conpliant FB-DI MM correct? 09:
A Well, no. | think that there are certain 09:
teachings fromthe FB-DIMM that are taken into 09:
account into Harris, but | explained what the 09:
combi nati on woul d be and how Harris woul d be 09:
modi fied in the declaration for the [sinultaneous 09:
speakers] --
Q Did you contend -- did you contend that VIT 009:
woul d be used for online -- on-die term nation? 09:
A | don't recall everything that's in the 09:
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declaration. 1It's quite |large, but the focus
appears to be for DRAMterm nation for VIT in the
enbodi ment that |I'm | ooking at right now for grounds
2D and 3D.

Q When you say for "DRAM term nation," is it
for the on-die term nation?

A | don't believe so. There is a resistor
shown in the draw ngs.

Q Ckay. So for the nodified Harris, the VIT
is used in the same manner as in the -- for the
JEDEC- conpl i ant FB-DI MM - -

A No, actually I --

Q -- [ Sinul taneous speakers] command a clock's
signal to the DRAM - -

(Clarification requested by Reporter.)
BY Ms. ZHONG

Q. So in your declaration, the VIT is used in
t he same set manner for the nodified Harris FB-D MM
as for the JEDEC-conpliant FB-DIMM which is for the
term nation of the address conmand and cl ock signals
to the DDR2 devices; is that correct?

A. No, | think that's an overgeneralization.
Again, there are many different grounds that are
presented in the declaration. W'd have to go

t hrough them all carefully.
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But, for exanple, | do see that certainly 09

sone of the grounds refer to DDR3 and sonme of the 09:
grounds refer to a VIT voltage of 0.9 volts, which I 09:
recall is the on-ground -- or the on-die term nation 09:
vol t age. 09:
Q. For Harris, you used a DDR3 conbi nation? 09:

A Let ne | ook. 09:

Q. Are you confusing that with Spiers? 09:

A Let nme | ook at the various conbinations 09:
here. Oh, I'msorry. | my have these backwards. 09:
For Harris, | have DDR2 conbi nations that do 09:

show a variety of different VITs, so those would be 09:
used for a variety of different purposes. 09:
Q When you say "a variety of VITs," which 09:
paragraph are you referring to? 09:
A So in paragraph 247, | talk about a VIT of 09:

1.2 volts and also of .9 volts. |I'msorry, 1.25 09:
volts and .9 volts. 09:
Q. Par agraph 2472 09:

A Yes. 09:

Q VIT is half of VDDQ correct? 09:

A In sone instances, it is. 09:

Q In which instance is -- it is not? 09:

A | believe in the instance of DDR2 SDRAM it 09

can just be .9 volts independently of VDDQ 09:
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Q VWhat is VDDQ i n DDR2? 09:
"'msorry. | didn't get -- 09:
Q. Let me withdraw and ask. 09:
What is VDDQ for DDR2? 09:
It's one of the power supply voltages. 09:
Q What's the val ue? 09:
MR. CHANDLER: Objection to form 09:
THE WTNESS: It's 1.8 volts plus or mnus 09:
0.1 volts. 09:
BY Ms. ZHONG 09:
Q And half of that is 0.9; correct? 09:
A It is. 09:
Q Okay. So the 0.9 volt VIT is half of the 09:

DDR2 SDRAM as you stated in paragraph 247; correct?
A That nom nal -- 09:
(Clarification requested by Reporter.) 09:

BY Ms. ZHONG

Q Is half of the VDDQ for DDR2. 09:
MR. CHANDLER: Objection. Form 09:
THE W TNESS: At the nom nal value, that's 09:
true. 09:
MS. ZHONG. VDDQ is one word, VDDQ, as 09:
letter Q 09:
MR. CHANDLER: And sonetimes it's shown as 09:
subscript. It doesn't have to be, but -- so the V 09:
Page 20

37
37
37
37
37
37
37
38
38
38
38
38
38

38
38

38
38
38
38
38
38
38
39

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 20




N

A W

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

25

is always capitalized and then the letters after it, 09:
like "TT" and "DD' or "DDQ' are sonetinmes shown as 09:
subscri pt. 09:
M5. ZHONG  Yeah, it's probably easier for 09:

you just to type themall as like capitalized 09:
letters. 09:
DEPCSI TI ON REPORTER:  Thank you. | 09:

appreci ate that. 09:
BY Ms. ZHONG 09:
Q And whi ch SDRAMs have a VDD or VDDQ of 09:

2.5 volts? 09:
A. | don't recall themall off the top of ny 09:
head. 09:
Q That's DDR; correct? Wiy don't you take a 09:

| ook at your paragraph 246. 09:
A For certain DDR devices. 09:

Q. So do you renenber -- do you see |ike your 09:
guote for different generations, there's 3.3 volt, 09:
2.5 volt, 1.8 volt and a 1.5 volts? 09:
A | do. 09:

Q So the -- so the 3.3 is for SDR SDRAM 2.5 09

is for DDR1, 1.8V is for DDR2, and 1.5V is for DDR3; 09:
correct? 09:
A. For at | east sonme exanples of these, that's 09:
true. 09:
Page 21

39
39
39
39
39
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40

140

40
40
40

40

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 21




N

A W

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

25

Q Okay. You're not aware of any DDR1 FB-DI MM 009:

are you? 09:
A. Not off the top of ny head, no. 09:

Q. Okay. And you certainly didn't cite any 09:
JEDEC standards for DDR1 FB-DI MM correct? 09:
A | did not. 09:

Q. And you're not aware of any DDR1 FB- DI MM 09:
correct? 09:
A. | don't recall one right now. 09:

Q And as far as you know, is FB-DI MM first 09:
devel oped for DDR2? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: That particul ar specification, 09:
JESD82- 20, was first devel oped for DDR2, as far as | 09:
know. 09:
BY Ms. ZHONG 09:
Q. Now, for the nenory controller to send data, 09:
address or conmmand or clock information to an AMNB, 09
there needs to be sone power to drive those signals 09:
fromthe menory controller to the AMB;, is that 09:
correct? 09:
A. That's strangely phrased. Any electrical 09:
signal that goes fromone place to another requires 09:
some energy. 09:
Q So why don't we take a | ook at Figure 3 of 09:
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Harris. 09:
A Il will pull it up. 09:

Q And Harris is Exhibit 1023. 09:

A Okay. 09:

Q Okay. So in Figure 3 of Harris, it is shown 09:
that certain information can flow fromthe nenory 09:
controller to the buffer on the DIMV correct? 09:
A. Yes. 09:

Q And for that information to flow fromthe 09:
menory controller to the buffer, electrical energy 09:
needs to be applied to drive that information from 09:
the menory controller to the buffer; is that 09:
correct? 09:
A. El ectrical energy needs to be present. 09:
Ordinarily, a person of ordinary skill would 09:
understand that both the DRAM DI MM and the nenory 09:
controll er woul d have a power source. 09:
Q. Okay. So power and voltages will be applied 09:

to the nenory controller, including for the -- the 09:
signal lines that's connecting between the nenory 09:
controller to the buffer to drive those information; 09:
is that correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Again, |I'mnot sure | 09:

under stand your | anguage. The nmenory controller 09:
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woul d ordinarily be understood to have a power 09:
supply -- 09:
BY Ms. ZHONG
Q Okay.
A. -- that powers the circuits on the nmenory 09
controller. 09:
Q. Okay. And is that still the case for 09:
nodified -- let me wthdraw and ask. 09:
| nstead of using JEDEC-conpliant FB-DIMM if 09:
you use Harris FB-DIMM does the nenory controller 09:
still have a power supply that powers the circuit on 09:
the menory controller? 09:
A. Under ordi nary operation, the nmenory 09:
controller would have a source of power, whether 09:
that's conti nuous power or switched power, whether 09:
it is a single voltage or multiple voltages, there 09:
woul d be a source of power to the nenory controller. 009:
Q. Okay. And so regardl ess whet her we use 09:
Harris FB-DI MM or the JEDEC-conpliant FB-DI MM the 09:
menmory controller will have its own power source -- 09:
power supply; is that right? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: No, that's not what | said. 09:
It will have a power supply. It need not always be 09:
i ndependent fromthe power supply to the FB-DIMWs or 09:
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to any DI Mvs. 09:
BY Ms. ZHONG 09:
Q. So in the case of -- so are you saying that 09:

if we use Harris FB-DIMM the -- let nme just ask you 009:
this question. 09:
You proposed like in one configuration the 09:
FB-DIMM wi | | have a battery power as a backup power; 09:
correct? 09:
A Yes. Well, the -- the nodified FB-DI MM as 09:
described in ny declaration. 09:
Q So are you saying that that battery power on 09:

the DI MM can al so be used sonmehow to operate the 09
menmory controller? 09
A No. | don't think | said that. | nean, it 09

m ght be possible, but that's not a situation I 09
pr oposed. 09
Q. Okay. 09:

A. When you' re tal ki ng about the nenory 09:
controller, | assume you're tal king about a standard 009:
host nenory controller for a standard FB-DI MM 09:
because that's what we started tal ki ng about. 09:
Q What about if you use Harris FB-D MM what 09:
kind of menory controller -- you did not propose 09:
nodi fication of a nenory controller, did you? 09:
A Let nme | ook through all the clains. 09:
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| did not propose nodification to a host 09

menory controller, but there are -- there is logic 09
that controls nmenory separately on the -- on the 09
Harris enbodi nents. 09
Q And that logic is on the nenory nodul e; 09
correct? 09:
A. Correct. 09:

Q. Okay. |It's not on the host side. 09:

A. Correct. The logic that | was referring to 009:

is not on the host conputer. 09:
Q Ckay. So what will be the voltage applied 09:

to the southbound signal |ines between the nmenory 09:
controller and the AMB buffer? 09:
A I n what circunstances? 09:

Q VWhen you have a FB-DIMM that's inserted into 09:

a host conputer. 09:
A An unnodi fi ed FB-DI MVW? 09:

Q We can start there. 09:

A Can | hear the first question again? 09:

Q. What will be the voltage applied to the 09
sout hbound signal lines going fromthe nmenory 09
controller to the buffer? 09
A. It depends on what the signal is, but they 09
woul d nom nally vary between zero and 1.5 volts. 09
Q Wy 1.5 volts? Aren't DDR2 VDD and a VDDQ 09
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voltage level is 1.8 volts? 09:
A | thought you asked ne about the southbound 09
signal |evels voltages. 09:
Q. That's correct. 09:

Is that voltage level different than the 09:

DDR2 signal |evels? 09:
A It's described as a 1.5 volt high-speed 09:
differential point-to-point |ink so... 09:
Q Can you tell ne where -- which exhibit? 09:

A. On Exhibit 1028 at page 9. 09:

Q That's the AMB VCC, VCC FBD, or where 09:
exactly? 09:
A The buffer interface. 09:

Q Page 97 09:

A Yes. 09:

Q. And the product description? 09:

A. Product famly attributes. 09:

Q. Are you tal ki ng about supply voltage 09:

nom nal ? 09:
A No. Buffer interface. 09:

Q Ckay. And that buffer interface refers to 09:

the interface between the nenory controller and the 09:
AMB? 09:
A. Bet ween the host nmenory controller and the 09:
AMB, that would be ny understanding, yes. 09:
Page 27

51

151

51
51
51
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
53
53
53
53
53

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 27




N

A W

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

25

Q Okay. And is that still the sanme vol tage 09:
| evel where there is the Harris nodified FB-D MW 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: | don't think the signal 09:
voltage levels matter in ny analysis of the nodified 009:
Harris FB- DI MM 09:
BY Ms. ZHONG 09:
Q. So the answer to ny question is yes, it is 09:
the sane and remmins the same? 09:
MR. CHANDLER: Objection. Form 09:
THE WTNESS: No. No. M answer is that it 09:
wasn't relevant to ny analysis. | don't think there 009:
are any clainms that | can recall that tal ked about 09:
t he magni tude of the signaling voltage. 09:
BY Ms. ZHONG 09:
Q. Dr. Wolfe, |I'"mnot asking you whether you 09:
think it matters or not. Just answer ny question. 09:
| want to get the facts -- 09:
A Yes.
Q. -- did you assert that the signal |evels
woul d be different between the nenory controller -- 09:
(Clarification requested by Reporter.) 09:
BY Ms. ZHONG 09:
Q Dr. Wlfe, did you claimthat the signal 09:

vol tage | evels would be different between the nmenory 09:
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controller and the buffer of Harris FB-D MW 09:

A | don't recall opining on the signal |evel 09:

vol t ages between the host nenory controller and the 09:

FB-DIMM in ny anal ysis. 09:

Q Does VIT track the signal |evel of the 09:

menmory controller -- let me withdraw and ask. 09:

Why don't you take a | ook at Exhibit 1026. 09:

A Okay. 09:

Q And let's go to Table 16 -- 09:

A Tabl e 167 09:

Q -- which says -- yeah. Page 49. 09:

A. Okay. 09:

Q Tabl e 16, note 4, it says: 09:

"VTIT of transmtting device nust track 09:

VRAM of receiving device." 09:

Do you see that? 09:

A | do. 09:

Q. So in the case of FB-DI MM conmuni cating with 09

a host system and where the VIT is used to term nate 009:

t he address and command signals, what is a 09:

transmtting device in that instance? 09:

A. I think that these questions don't make any 09

sense. This docunment tal ks about the comrunications 09:

to the DDR2 DRAM chip -- 09:
Q Uh- huh.
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A -- not between a host conputer and the 09:
advanced nenory buffer on a FB-DIMM So this -- 09:
this table and, in fact, this docunent aren't even 09:
rel evant to that conmunication. 09:

Q "' m not asking you that. |[|'m asking a 09:
di fferent question. 09:

VWhat is a transmtting device in note 4 here 09:
if VIT for an FB-DIMMis used to term nate the 09:
address command and cl ock signals of the DRAM? 09:

A It would be -- it would be whatever device 09:
is directly connected to the DDR2 DRAM chip in 09:
guestion for the purpose of sending, | believe in 09:
this case, data, but possibly address commands as 09:
wel | . 09:

Q Okay. VIT in FB-DIMMis used to term nate 09:
t he address command and cl ock signals; correct? 09:

MR. CHANDLER: Object to form 09:
THE WTNESS: It is used to term nate those 09:
signals in the comruni cati on between the advanced 09:
menmory buffer and the DDR2 chips. 09:
BY Ms. ZHONG 09:

Q So is the transmtting device for the 09:
address, command and cl ock signals the AMB t hen? 09:

A If one were to apply note 4 to a fully 09:
buffered DIMM then the transmtting device would be 09:
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the AMB on particular wres. 09:

MS. ZHONG Can we take a five-m nute break? 10:

DEPOSI TI ON REPORTER: We're off the record. 10:

(Of the record.) 10:

BY MS. ZHONG 10:
Q. Dr. Wl fe, your declaration cites to 10:
JESD79- 2B, which is Exhibit 1026; correct? 10:
A It is one of the things that it cites to, 10:
yes. 10:
Q How does that exhibit relate to JESD205, 10:
which is Exhibit 10267 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: From the perspective of the 10:

JEDEC st andards, the DRAM chi ps that are descri bed 10:
on page 9 of Exhibit 1028 woul d be further described 10:
in detail in Exhibit 1026. 10:
BY Ms. ZHONG 10:
Q. And is it your contention that in Harris, or 10:
what ever the nodification you applied to Harris, 10:
those DRAM chips in Harris would conply with 10:
JESD79- 2B? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Not necessarily. Harris tal ks 10:
about DDR, DDR2 and DDR3. It tal ks about various 10:

ki nds of DI Mvs, including FB-DI M. Harris is very 10:

Page 31

59
00
00
00
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
14
14
14
14
14

14

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 31




N

A W

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

25

open that his teaching can be used in a variety of 10:
different nenory configurations, so there would 10:
be -- the 1028 -- exhibits 1028 and 1026 are 10:
exempl ary of sone portion of the scope of Harris’ 10:
teachings, but certainly not -- certainly Harris is 10:
not limted to those particul ar kinds of devices. 10:
BY Ms. ZHONG 10:
Q. And are you relying on DDR1 FB- DI Mw? 10:

A. I'"mnot relying on a particular standard 10:
device called a DDR1 FB-DIMM but I amrelying on 10:
Harris' teachings that say that the teachings from 10:
various DI MM standards can be conbined in various 10:
ways and still be consistent with Harris' teachings. 10:
Q So for claimNo. 1, can you point nme to 10:
anywhere that you relied on a non-DDR2 standard? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: So for exanple, in paragraph 10:

239, | quote Harris where he explains that the 10:
menmory devi ces on the nenory nodul e can be of any 10:
known or heretofore unknown DDR tinme, for exanple, 10:
DDR2. And | think, in general, |I've referred to a 10:
nunber of portions in Harris that explain Harris' 10:
broad view of nenory. 10:
| also, in paragraph 246, quote Harris' 10:

range of power supplies, which we noted earlier, 10:
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ordinarily apply to various generations of nmenory. 10:
So those are sone exanpl es. 10:
The specific detail ed exanples that | used 10:
illustratively for Harris Claim1l are based on DDR2, 10:
and then | referred to Harris' explanations of how 10:
his teachings nay be interpreted nore broadly. 10:
BY Ms. ZHONG 10:
Q. Okay. In fact, you are not aware of any 10:
FB- DI MV t hat use DDR, DDR3 or DDR4; correct? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Well, since we agreed that for 10:

this deposition, FB-DIMM refers to JESD82-20 that 10:
woul d be correct. I'mnot famliar with any 10:
JESD79 -- |1'msorry, JESD82-20-conpliant FB-DI Mvs 10:
t hat use nmenory other than DDR2. 10:
BY Ms. ZHONG 10:
Q. Are you aware of any -- let me withdraw and 10:
ask. 10:
Are you aware of any nodified FB-DI MMt hat 10:

uses DDR, DDR3 or DDR4? 10:
A. | think Harris teaches that one can nodify 10:

and conbi ne the teachings of various DI MM structures 10:
with various nenory structures, so that's one pl ace 10:
where it's true. 10:
And then there are successor technol ogies. 10:
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They' re not JESD82-20-conpliant, but there are 10:
successor registered DIMv or buffered D MM 10:
technol ogi es that correspond to DDR3 and DDR4. 10:
Q And are you aware of -- let nme withdraw and 10:

ask you this question. 10:
Did you provide any exanples of those other 10:

FB- DI MVE? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Well, I'Il repeat what | said. 10:

| provided a discussion of the teachings of Harris 10:
in conmbination with the JESD82-20 FB-DI MM st andar d, 10:
and then | referenced the teachings in Harris that 10:
woul d encourage one to nodify those DIMVs to use 10:
ot her forms of DDR nenory. 10:
So to that extent, | used that as an 10:

exampl e, but | have not provided any illustrations 10:
or voltage mappi ngs that correspond to those 10:
particul ar exanpl es. 10:
BY Ms. ZHONG 10:
Q. Okay. So your voltage mapping is based on 10:

t he voltages specified in JESD82-20 or JESD205. 10:
Fair? 10:
A. The exenpl ary vol tage mappings with respect 10:

to Harris are based on those two standards, but as | 10:
said, | also refer to alternative voltages and quote 10:
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Harris as to where he introduces those. 10:
Q You did not provide a separate VCC voltage 10:

for exanple; correct, other than 1.5 volts? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: That's not true. |In paragraph 10:

254, |1 note that Harris explains that the 10:
appropriate voltage |evels for the VCC path depend 10:
on the buffer and DI MM technol ogy, such as fromO0.5 10:
volts to 3.5 volts. 10:
BY Ms. ZHONG 10:
Q How many regul ators are used in the 10:
standard -- let nme just w thdraw and re-ask. 10:
Do you know how many vol tage regulators are 10:

used on the host notherboard to generate VDD, VDDQ 10:
and VDDL? 10:
A | think it varies from notherboard to 10:

not her boar d. 10:
Q. And in the JEDEC-conpliant FB-DIMM there 10:

are no separate DI MM pins for VDD, VDDQ and VDDL; is 10:
t hat correct? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: | mssed a word there. In the 10:

what conpliant? 10:
BY Ms. ZHONG 10:
Q In the JEDEC-conpliant FB-DI MVs, there are 10:
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no separate pins for VDD, VDDQ and VDDL; is that 10
correct? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: | believe that is correct. 10:

Those woul d be derived on the nodul e. 10:
BY Ms. ZHONG 10:
Q. So the power supply or the voltage supply 10

for VDD, VDDL and VDDQ are all derived fromthe same 10:
i nput pins? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: On an unnodified FB-DIMM that 10:

woul d be correct. On the conbination that I 10:
proposed in the Harris-conbi ned grounds, they woul d 10:
all be derived fromthe, for exanple, 12-volt input 10:
pi n. 10:
BY Ms. ZHONG 10:
Q. Okay. So on the standard JEDEC- conpl i ant 10:
FB-DIMM there are -- how do you say it -- traces or 10:
di stribution network to distribute the voltage input 10:
from VDD pins to the respective pins on the DRAM for 10:
VDD, VDDQ and VDDL; correct? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Any particul ar unnodified 10:

JEDEC- conpl i ant FB-DI MM woul d have a wiring network 10:
for the distribution of the VDD, VDDQ and VDDL 10:
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si gnal s. 10:
BY Ms. ZHONG 10:
Q. And a POSI TA can take advantage of those 10:
pre-existing wiring network to provide the voltage 10:
for the VDD, VDDQ and VDDL signals with Harris 10:
12-volt external power source; is that correct? 10:
MR. CHANDLER: Objection. Form 10:
A No. One would not use an unnodified 10:
FB-DIMM s wiring structure with Harris. Harris 10:
teaches a voltage regul ator nodul e that generates a 10:
separate VDD, which could then be used. 10:
BY Ms. ZHONG
Q So once the 1.8 voltage is generated with 10:
t he on-nodul e regul ator, a POSITA can use the 10:
existing wiring network to connect that 1.8-volt 10:
voltage to a VDD, VDDQ and a VDDL signal pin on the 10:
DRAM is that correct? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: No, | think that would be 10:
inpractical. One would certainly learn fromit. 10:
One woul d understand how to build a power w ring 10:
network of their own, but because there is a 10:
separate voltage regul ator nodul e, one would build 10:
their own connections to that voltage regul ator 10:
nodul e. That's an ordinary engi neering task and 10:
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well within the capabilities of a POSITA, and a 10:
POSI TA woul d understand how to do that based on the 10:
teachings of Harris with a single voltage -- or a 10:
si ngl e physical connection to VDDQ VDDL and VDD or 10:
with the three discrete connections. 10:
BY Ms. ZHONG 10:
Q. What do you nean by "a single physical 10:
connection to VDDQ VDDL and VDD'? 10:
A. There could be a single output fromthe 10:
vol tage regul ator nodul e that connects to all three 10:
of those sets of inputs on the DRAMs through a 10:
wiring network, or there could be three distinct 10:
out puts on the voltage regulator nodule. Either one
is acceptable and either one is within the skill of 10:
a person of ordinary skill in the art. 10:
Q. But whether it's a single connection or 10:
three discrete connection, you just use one 10:
regul ator to generate the output; is that correct? 10:
MR. CHANDLER: Objection. Form 10:
THE W TNESS: Not necessarily. It is 10:
certainly well within the skill set of a person of 10:
ordinary skill in the art to generate 1.8 volts with 10:
a single regulator or to generate nultiple 1.8 volts 10:
supplies with multiple regulators. 10:
Il 10:
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BY Ms. ZHONG 10:
Q When woul d you use nultiple regulators to 10:
generate nmultiple 1.8 volts output? 10:
A. It would be an ordinary design deci sion. 10:

One mght do it when they want to sequence the 10:
power, one m ght want to do it when they turn the 10:
power on and off independently, or one may do it 10:
sinply because it's nore cost effective to use 10:
mul tiple small regulators than one | arge regul ator. 10:
It's a design choice. 10:
Q Ckay. So in the standard FB-DI MM VDD, VDDQ 10:

and VDDL are all connected to the same power source 10:
fromthe VDD pins; correct? 10:
A In an unnodified -- 10:

MR. CHANDLER: Objection. Form 10:

THE WTNESS: In an unnodified standard 10:

FB-DIMM that would likely be the case. 10:
BY Ms. ZHONG 10:
Q. Okay. And so in that unnodified standard 10:
FB-DIMM is there ability to sequence the power? 10:
A. Not between the three different FDD-derived 10:
power |ines, there would not be. There would be an 10:
ability to sequence ot her power sources. 10:
Q Okay. And so anong VDD, VDDQ and the VDDL, 10:

in an unnodi fied standard FB-DI MM they cannot be 10:
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turned on and off independently; is that right? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: M understanding is that an 10:

unnodi fied standard FB-DIMM the VDD would be turned 10:
on or off always. 10:
BY Ms. ZHONG 10:
Q. Okay. And does Harris suggest that in its 10:
nodi fi ed FB-DIMM the powering sequence for VDD, 10:
VDDQ and a VDDL shoul d be nodified? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: | don't think it suggests one 10:

way or the other. 10:
BY Ms. ZHONG 10:
Q It doesn't -- Harris doesn't say -- it 10:
doesn't suggest expressly that it will be desirable 10:
to sequence VDD, VDDQ and a VDDL; correct? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Not that | can recall at this 10:

monment . 10:
BY Ms. ZHONG 10:
Q Ckay. And did Harris expressly suggest or 10:

di scl ose pinning VDD, VDDQ and VDDL i ndependentl|y? 10:
A. | don't recall it having -- | don't recall 10:

it specifying one way or the other. 10:
Q Okay. Do you have access to Exhibit Share? 10:
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A. Yes. 10:

Q Can you search for an Exhibit 2101. 10:

A Did you recently update it? 10:

Q Yeah. 10:

A. Okay. 10:

Q. You may have to refresh the folder. 10:

A Yep. Hold on. Let ne -- 10:

MR. CHANDLER: Is this a new exhibit or is 10:

this one that was premarked? 10:

MS. ZHONG Yes. It was starting with 2100 10:

and then later, | just introduced it. 10:

MR. CHANDLER: Just one nonent, please, 10:

then. Okay. |1've got it, 2101. 10:
(Exhi bit 2101 i ntroduced as an Exhibit

on the record.) 10:

BY Ms. ZHONG 10:

Q. Okay. Exhibit 2101 is a deck of slides with 10:

the title "Fully Buffered DI MM ( FB- DI MM Desi gn 10:

Consi deration," dated February 18, 2004, by Intel. 10:

Do you see that? 10:

A. | see that's howit's marked. 10:

MR. CHANDLER: Annita, | apologize. Can we 10:

go off the record? My colleague is having trouble 10

with the Exhibit Share. 10:

MS. ZHONG:  Okay. 10:
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DEPOSI TI ON REPORTER: We are off the record. 10:
(OFf the record.) 10:
BY Ms. ZHONG 10:
Q. So, Dr. Wl fe, can you please go to page 27 10:
of this Exhibit 2101. 10:
A Okay. 10:
Q. By the way, have you seen this docunent 10:
bef or e? 10:
A Not that | can recall. 10:
Q On page 27 -- 10:
MR. CHANDLER: Based on -- 10:

MS. ZHONG. Sorry.
MR. CHANDLER: Sorry, Annita, based on that, 10:
we woul d object to the exhibit as hearsay and 10:
| acki ng authentication, and | don't believe it 10:
relates to any exhibit that either expert introduced 10:
as part of their declaration. | apol ogize. 10:
Go ahead. 10:
BY Ms. ZHONG 10:
Q Are you on page -- okay. 10:
Are you on page 27, Dr. Wl fe? 10:
A. Yes. 10:
Q Do you see the third bullet point? 10:
A. Yes. 10:
Q Okay. So according to this presentation by 10:
Page 42

38
45
45
45
45
46
46
46
46
46

46

46
46
46
46
46
46
46
46
46
46
46
47

47

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 42




N

A W

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

25

Intel, three regulators are used, one for the 1.8 10
volts, one for the 0.9 volts and the one for the 1.5 10:
volts; correct? 10:
A. I woul d take exception with the word "used." 10:
This appears, fromwhat | can see, to be a 10:
prelim nary proposal that predates JEDEC. To that 10:
extent, it does say that three voltage regul ators 10:
are used, but it doesn't say that only three voltage 10:
regul ators are used. 10:
If one actually | ooks at the actual JESD205 10:
specification, it's very clear that in the actual 10:
JEDEC specification, there are four vol tages that 10:
woul d require four voltage regulators in nost 10:
si tuations. 10:
Q. And when you say "four voltage regulators,” 10:
what is the fourth one? 10:
A. VDDSPD is clearly recited as an additional 10:
voltage in JEDEC standard 205, and then as | said in 10:
my report, it would also be obvious, although not 10:
required, to use nore than one regulator for a 10:
specific voltage when it's being used for nultiple 10:
pur poses. 10:
Q Now, Intel knows DDR2 woul d have VDD, VDDQ 10:

and VDDL; correct? 10:
A. Presumably sonebody at Intel does. 10:
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Q Okay. And even though Intel knows that 10:
there are three different voltage pins for DDR2, as 10:
far as 1.8 volt is concerned, they are only stating 10:
that it is using one voltage regulator; right? 10:

MR. CHANDLER: Object to form 10:

THE WTNESS: As a m nimum perhaps. | nean, 10:
clearly, they haven't listed all the voltage 10:
regul ators here. We know that by | ooking at the 10:
st andar d. 10:

So at a mninmum | would think you would 10:
only need one 1.8-volt voltage regulator, but as | 10:
stated, it would be obvious if you were using nore 10:
than 1.8 volts for nore than one purpose that you 10:
could al so use nore than one 1.8-volt regul ator. 10:
BY Ms. ZHONG 10:

Q. And it would al so be obvious not to use -- 10:
woul d it be obvious to use only a single voltage 10:
regulator for the 1.8 volts? 10:

A Under certain circunmstances, yes, depending 10:
on exactly what the details of the design were. | 10:
t hi nk both woul d be obvious sol utions. 10:

Q Ckay. And under what circunstances would 10:
di fferent voltage regulators be used -- let ne 10:
wi t hdraw and ask. 10:

You nentioned earlier you would use 10:
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different -- separate voltage regulators if you want 10:
to sequence the power supply differently, if you 10:
want to turn them on and off independently, or for a 10:
power efficiency reason; right? 10:
A. I think I also nmentioned cost efficiency. 10:
Q. Okay.
A And of course, the other reason would be to 10:
elimnate cross-coupling of noise. 10:
Q When you say "cost efficiency," what exactly 10:
do you nean? 10:
A. Dependi ng on the circunstances, two smaller 10:
regul ators can sonetinmes be cheaper than one | arger 10:
one. 10:
Q VWhy? Two small regulators woul d be cheaper 10:
t han one | arge one? 10:
A It depends on the circunstances. But for 10:
exampl e, you may need a smaller -- small inductors 10:

can be cheaper than |arge inductors, smal

capacitors --

(Clarification requested by Reporter.) 10:

THE WTNESS: Right. It can be that certain 10:

support conponents are cheaper when they're smaller, 10:
even | ess than half the price. It can also be that 10:
t he packagi ng of a | ow power regulator can be nuch 10:
| ess costly than a higher power regul ator. 10:
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It can have to do with physical size. |If 10:

you' ve got spacing constraints or you have space 10:
available in two different spots on the DIMVM but 10:
you can't conbi ne that space into a single spot. 10:
So it's a nunmber of ordinary engi neering 10:

factors that you would consider that would allow you 10:
in a situation where you have two different things 10:
that are being supplied by the sane voltage to 10:
consi der the ordinary options of using one supply 10:
for both or two supplies. 10:
BY Ms. ZHONG 10:
Q And where in your declaration is that 10:
anal yzed? 10:
A | don't recall. 10:

Q. You don't recall? Okay. 10:

A. | certainly discuss it in paragraph 256 with 10:
respect to VCC and VCC FBD, but | don't -- and it's 10:
t he same issue, but | don't recall where or if it's 10:
di scussed with respect to VDD. 10:
Q. Where is the cost efficiency discussed? 10:

A. | sinply refer to it as "efficiency." | 10:
don't break that out in this particular paragraph to 10:
cost and power efficiency. 10:
Q Now, Harris does not suggest having VCC and 10:
VCC FBDs separately; correct? 10:
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MR. CHANDLER: Objection. Form 10:

THE WTNESS: | don't recall Harris 10:
specifically saying that. | attributed that to 10:
t he knowl edge of a person who was very skilled 10:
in the art. 10:
BY Ms. ZHONG 10:
Q. Okay. And is there a sequencing requirenent 10:

for VCC and VCC FBD anywhere in the standard or in 10:
Harris? 10:
A | don't recall. 10:

Q Okay. |Is there a requirenent for separately 10:

or independently turning VCC and VCC FBD on in the 10:
st andar d? 10:
A. | don't recall whether that is required by 10:

t he standard or not. 10:
Q. Are VCC and VCC FBD used to supply use for 10:
anal og and digital applications -- let nme wthdraw 10:
and ask. 10:
s one of the VCC and VCC FBD used for 10:

anal og application and the other one used for 10:
digital application? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: \Whet her or not those are the 10

best words is a bit of a judgnent call. One is used 10:
for 1/0O and one is used for core operation. 10:
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Because hi gh-speed |/ 0s typically have 10:
anal og properties, it is known in the art to have 10:
separate power supplies for high-speed I/ 0Os because 10:
they suffer fromthe sanme noi se-coupling problens as 10:
analog circuits. 10:
BY Ms. ZHONG 10:
Q. But instead FB-DI MM a single-power supply 10:
is used to supply both the VCC and the VCC FBD; 10:
correct? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: | don't know that that's 10:
necessarily true. They are listed as separate power 10:
supplies. They are supplied through separate pins. 10:
That would indicate to ne that the system designers, 10:
at least explicitly had given the option of 10:
segregating them 10:
BY Ms. ZHONG
Q In the standard FB-DI MV, there are no 10:
separate pins for VCC and VCC FBD; correct? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: Not on the DIMMitself, but on 10:
the AMB chip, they are separated and, therefore, 10:
t hey could be separated and separately suppli ed. 10:
BY Ms. ZHONG 10:
Q And have you seen any designs in which 10:
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different regulators are used to supply VCC and 10
VCC FBD? 10
A Not for an unnodified FB-DIMM but | believe 10:
that that's what's taught by the references that | 10
cited in my declaration. 10
Q. VWi ch reference are you referring to? 10:

A | think when you conbine Harris with JEDEC, 10:

and Harris tal ks about the idea that you can have 10:
various kinds of DRAM and various kinds of DI Mvs, | 10:
t hink that woul d encourage one to | ook at the 10:
nat ural obvious variations of a -- of a DIMM 10:
And because JDESD82-20 specifies that VCC 10:

and VCC FBD have separate pins and separate 10:
functions, it would be obvious for one to separate 10:
t he power supplies for them 10:
Q Does Harris nmention using separate 10:
regul ators for even VCC and VDD? 11
A. Not by itself. But in conbination wth 11:

t hose ot her references, including JEDEC 82-20, it 11:
woul d be obvi ous. 11:
Q Harris does not suggest using separate 11:
regul ators for VCC and VDD; correct? 11:
A For VCC and VDD? 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: | believe it does. There are 11:
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separate outputs fromthe voltage regul ator nodul e 11:
and | think a person of ordinary skill would 11:
understand themto be separate regulators in Harris. 11:
BY Ms. ZHONG 11:
Q So if there are different voltage outputs 11:
froma regul ator nodul e, then they necessarily are 11:
fromdifferent regul ators? 11:
A Not necessarily, but that would be the npost 11:
common way to inplenment them 11:
Q Ckay. And if you look at paragraph 10 of 11:
Harris, which is Exhibit 1023, on page 8 of 11:
paragraph 10, it states: 11:
"Preferably, a high-frequency 11:

swi tchi ng and vol tage converter 11:

capabl e of generating tightly- 11:
controll ed voltage | evels may be 11

i mpl enent ed as the on-board VRM 102 11:

for purposes of the present patent 11:

di scl osure. ™ 11:

Do you see that? 11:

A. | do see that. 11:

Q It says "a high frequency switching voltage 11:
converter"; right? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: That is what it says in that 11:
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paragraph. But if you | ook -- 11:
BY Ms. ZHONG

Q Okay.

A. -- at Figure 1A, it shows one nodul e and 11:
Figure 1B shows plural voltage regul ator nodules, so 11
| think it's clear that there is a contenplation of 11:
nore than one. 11:

And | also think that it's very clear that a 11:
person of ordinary skill would understand that 11:
generating two voltages with two voltage regul ators 11:
i's obvious. 11:

Q Isn'"t it the case that for Figure 1B, there 11
are different voltage sources; correct? 11:

A Yes. 11:

MR. CHANDLER: Obj ecti on. 11:
BY Ms. ZHONG 11:
Q. So each vol tage regul at or nodul e corresponds 11:
to one voltage source; correct? 11:
MR. CHANDLER: Objection to form 11:
THE WTNESS: Well, it says they refer to 11:
K voltage paths, and if you | ook at Figure 1B, the 11:
Ks are in the outputs as well as the inputs so... 11:
BY Ms. ZHONG 11:

Q So if you | ook at paragraph -- let's see, 11:

paragraph 14, and in particular, |look at the 11:
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ri ght-hand colum starting on the fourth |ine. 11:
“"A plurality of on-board VRMs." 11:

"VRME" refers to voltage regul ation -- 11:

regul ator nodul es; correct? 11:
A. Yes. 11:

Q. Okay. 11:

"A plurality of on-board VRMs 22-K, 11:
K=1,2...N, are provided as part of 11:

t he menory/ assenbly nodul e 100B 11:

wherein each VRMis operable with an 11:

I ndependent vol tage supply path for 11:

| ocal l'y converting an external supply 11:

vol tage into appropriate | ocal 11:

vol tage | evel s.™ 11:

Correct? 11:

A Yes. 11:

Q So each VRMis associated with a different 11:

vol tage supply path; correct? 11:
MR. CHANDLER: Objection. Form 11:

BY Ms. ZHONG 11:
Q Dr. Wl fe? 11

A. l'"msorry. |s there a pending question? | 11:

t hought | answered it. 11:
Q Yeah. Yeah. So | said each VRMis 11:
associated with a different voltage supply path; 11:
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correct? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: That is what it says, yes. 11:

BY MS. ZHONG 11:
Q Okay. And but for each voltage path, both 11:
VCC and VDD are generated; correct? 11:
A They are generated and they are generated by 11:

t he sanme nodul e, but not necessarily by the sane 11:
regulator. It does say, for exanple, that the VDD 11:
and VCC power supply rails are rendered i ndependent 11:
fromexternal voltage sources. That would suggest 11:
to ne that they are separately rendered. 11:
But certainly, it would at | east be obvious 11:

to do that. A voltage regul ation regul ator nodul e, 11:
| think, can contain nore than one regul ator. 11:
Q. Okay. And but it was well known at the time 11:

of the invention that you can have a single-voltage 11:
converter to generate two different voltage |evels; 11:
correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: It was possible under sone 11:

ci rcunstances, but certainly not the nobst conmon 11:
thing to do. Normally, if you need to generate 11:
mul ti pl e out put vol tages, you would use nultiple 11:
regul ators, especially in a high-current situation 11:
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i ke this one. 11:
BY MS. ZHONG 11:
Q. Okay. \Where space is a concern, would there 11:

be advantage of having a single-voltage regulator to 11:
generate two different voltages? 11:
A Unli kely because a regul ator that generates 11:

mul tiple voltages is nore conplicated than a 11:
regul ator that generates one. 11:
Q But if it's inplenmented ICs, it would still 11:

be smaller; right, and -- 11:
A. Not necessarily, because al nost all 11:
regul ators require sone external conponents as well, 11:
and those tend to nmultiply with -- based on the 11:
nunber of vol tages that are being supported. 11:
Q. But you will need the sanme nunber of 11:

ext ernal conponents whether you use three regulators 11:
or one regulator. |Isn't that the case? 11
A. You m ght -- you would have to | ook at the 11:
particul ar circumstances. You night need the sane 11:
number of external conponents and you would |ikely 11:
need the sane nunber of pins. So, generally, one 11:
woul d not deal with the circuit |level conplexity of 11:
trying to support nmultiple voltages with a single 11:
regul ator. 11:
Q When woul d you use a single regulator to 11:
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generate different voltage |evels? 11:
A. | think that there are certain circunstances 11:
where the voltages need to closely track each other, 11:
where one m ght consider that as an option. But as 11:
| said, it's unusual. It's not the normal approach 11:
to nultiple power supply voltages in a conputer 11:
systemin ny experience. 11:
Q. So, for exanple, if VIT needs to track a VDD 11:
closely, it would make sense to have a single 11:
regul ator to generate them both? 11:
A. It would be one option. But one can also 11:
sinply couple the feedback fromthe two and use 11:
separate regulators. Both are well known options. 11:
Q Is a pul se-wi dth nodul ator voltage converter 11:
synonymto a buck converter? 11:
MR. CHANDLER: Objection. Form And | 11:

didn't quite hear all the words either. 11:
DEPCSI TI ON REPORTER: Ms. Zhong, | didn't 11:

get all the words either. 11:
BY MS. ZHONG 11
Q So is a pul se-wi dth nodul ated converter a 11:
synonymto a buck converter? 11:
MR. CHANDLER: And you are saying w dth, 11:

pul se, w-i-d-t-h, pulse w dth nodul at or? 11
MS. ZHONG  Pul se width, yes, yes. 11:
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MR. CHANDLER: | get it. 11:
THE WTNESS: In ny experience, those are 11:
not synonyns, but in this context, pulse-w dth 11:
nodul ated controller is referring to a buck 11:
converter because it is referring to a switching 11:
down converter froma 12-volt supply to a .5 to 11:
3.5-volt supply, and one woul d understand a 11:
pul se-wi dt h nodul at ed voltage converter that inverts 11:
bet ween those particular voltages in this particular 11:
kind of a systemto be a buck converter. 11:
BY MS. ZHONG
Q Can a switching regulator be a swtched or a 11
swi tchi ng capacitor regul ator? 11:
MR. CHANDLER: Objection. Form 11:
DEPCSI TI ON REPORTER: Excuse ne.
"Objection, form" and what was after that,
M . Chandl er?
MR. CHANDLER: Just a cough after objection, 11:
form 11:
MS. ZHONG Janis, it's capacitor, not 11:
conpass. 11:
THE WTNESS: | don't believe that a swtch 11:
capaci tor regul ator would be suitable for this kind 11:
of a system and it certainly would not be one that 11:
a person of ordinary skill would think that Harris 11:
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is referring to. 11:
BY Ms. ZHONG 11:
Q Vhy not ? 11:

A Because to provide high currents, such a 11
system woul d be -- would require a very | arge 11:
capacitor and wouldn't be suitable for positioning 11:
on a -- on a DIMW 11:
An ordi nary buck converter at this time was 11:

cheap, it was efficient, it was what was commonly 11:
used for vol tage-down conversion in conputer 11:
systens. It was available off-the-shelf and, in 11:
particular, it was available in designs that had 11:
been pre-tuned to supply voltages to nenory nodules. 11:
So I think that that would clearly have been 11:

the first thought of a person of ordinary skill in 11
readi ng this paragraph. 11:
Q. And what was the efficiency of buck 11:
convertors at the tine of the invention? 11
A It varies fromsituation to situation. But 11:
typically, in the 80 to 98 percent range. 11
Q And what is the basis for that? 11:

A. My recol |l ection. 11:

Q Are there any data sheets backing up that 11:
recol | ection? 11:
MR. CHANDLER: Objection. Form 11:
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THE WTNESS: As | said, it would depend on 11:
the particular situation. W did cite to sone data 11:
sheets. | don't renenber [simultaneous speakers] -- 11:
DEPCSI TI ON REPORTER: Excuse nme, | need one
at a tine. 11:
MS. ZHONG | don't know what you were 11:
referring to. 11:
DEPCSI TI ON REPORTER:  You started speaking 11:
in the mddle of the answer. So | lost a couple 11:
words is what happened. 11:
MS. ZHONG  That's okay. 11:
BY Ms. ZHONG 11:
Q Did you cite any data sheets that is 11:
specific for the FB-DI MM application? 11
A. | cited data sheets to show that appropriate 11:
regul ators were available, not for the specific 11:
pur pose of citing efficiency nunbers. 11:
Q. Okay. So for the particular regulators you 11:
cited, what were the efficiencies? 11:
MR. CHANDLER: Objection. Form 11:
THE W TNESS: Again, it would depend on the 11:
circunstances. Let ne see if they're disclosed 11:
here. 11:
So if we | ook at Exhibit 1040 -- 11:
Il 11:
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BY Ms. ZHONG 11:

Q Uh- huh. 11:

A -- on page 23. 11:

Q Page 23. Hold on. Ckay. 11:

A. There is a graph that shows that, for 11:

exampl e, an output current of 1 anp, the 11:

efficiency -- 11:
Q Uh- huh.

A. -- is approximately 95 percent froma 11:

12-volt input. 11:

Q Okay. For this one, do you see an i nput 11:

overvol tage regul ati on anywhere? 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: Yes. Figure 15 shows an 11:

overvol tage protection threshold. 11:

BY Ms. ZHONG 11:

Q. That's for the output, | believe. 11:

A. It says "V-in." Let's see. Oh, that's a 11:

vol t age out put. 11:

Q. | see UVLO, which is for the undervoltage 11:

| ockout on the input side. | see the undervoltage 11:

protection, overvoltage protection on the output 11:

side, but | don't see a correspondi ng overvoltage 11:

protection on the input side. 11:

So, for exanple, on page 4, if you |l ook at 11:
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the electrical characteristics. 11:
A. Yeah, that's where |I'm at. | believe that 11:
this particul ar device has an undervoltage i nput 11:
protection and an overcurrent input protection, 11:
Q But not overvoltage input -- there is no 11:

i nput voltage overvoltage protection as far as you 11:
can tell; correct? 11:
A At the nonment, | don't see one disclosed. 11:

Q What woul d be the reason for not having 11:

i nput vol tage overvol tage protection? 11:
A. It may be that for this particul ar design, 11:
they felt that overcurrent protection was nore 11:
i nportant. 11:
Q But why woul d they have an undervoltage -- 11:

why woul d they have an undervoltage input -- let nme 11:
try again. 11:
VWhy woul d they have an input undervoltage 11:

| ockout, but not the overvoltage | ockout? 11:
A It's possible by having an out put 11:
overvol tage and undervol tage protection, they can 11:
reduce the need for an i nput overvoltage protection 11:
because they're still protecting the circuits on the 11:
other side. That if an overvoltage at the input 11
causes an overvoltage at the output or an 11:
undervoltage at the output, it wll still be 11:
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detected and, therefore, it's not necessary to 11:
monitor it separately in this particular device. 11:
Q. Okay. Can you take a | ook at Exhibit 1041 11:

as well, and let nme know whether you see an input 11:
overvol tage protection or lockout in this particular 11:
case. 11:
A | believe this particular one works in the 11:
sane way, where it has an overcurrent protection on 11:
t he input, and overvoltage and undervol tage 11:
protections on the output, and an undervoltage 11:
protection on the input. And for this particular 11:
device, it determ ned that those are sufficient. 11:
Q Okay. Now, let's go back to Harris. 11:

A Okay. 11:

Q I's an LDO a buck converter? 11:

A. | don't think it's clear fromthe disclosure 11:

in Harris. There are buck converters that are 11
cal l ed | ow dropout buck converters, so that may be 11
what he's referring to. That's a possibility. 11
BY MS. ZHONG 11
Q But LDOs usually refer to linear regulators? 11:

A. LDOs usually refer to linear regulators, but 11:
again, not always. |If you |look at data sheets from 11
buck converters, sonme of them are described as LDO. 11
When the words converter's used, that usually 11:
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suggests to ne it is a switching converter. 11
["'mnot really famliar with |inear 11

regul ators being called inverters very often or, 11:
actually, at all off the top of ny head. 11:
So | think, nost likely, he's tal king about 11:

a | ow dropout buck converter there, but it wasn't 11:
sonething that really made a difference to ny 11:
opi ni on one way or the other. 11:
Q And do host system usually supply 11:

unr egul ated supply vol tages? 11:
A. Usually? | mean, it depends what the system 11:

is. In PCs, it's nore common to supply regul ated 11
voltages or in nodern conputers in general, it is 11:
nore common to supply regul ated vol tages, but -- 11:
Q Are you aware -- 11:

A. -- but I amaware of tines in the past where 11:
conputers supplied an unregul ated voltage into a 11
nodul e. 11:
Q So at the tine of the invention -- let ne 11:

wi t hdraw and ask you this question. 11:
So for conputers designed to work with 11
FB- DI MM, do those conputer system supply regul ated 11:
vol tages or unregul ated voltages to the FB-DI MW? 11:
A All the ones I'mfamliar with supply 11:
regul ated volt ages. 11:
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Q Okay. \What about the PSU units on the 11:
conputer systenms, do they output regulated or 11:
unregul ated vol t ages? 11:

MR. CHANDLER: Objection. Form 11:
THE WTNESS: In the kinds of conputer 11:
systens that would use a FB-DIMM in ny experience, 11:
t hose are regul ated voltages com ng out of the power 11:
supply unit. 11:
BY Ms. ZHONG 11:

Q Ckay. \What is a regulated supply voltage 11:
versus an unregul ated supply voltage? Let ne 11:
wi t hdraw and ask. 11:

A Yeah.

Q So what is the difference between a 11:
regul ated versus an unregul ated supply vol t age? 11:

A Yeah. Let nme answer this very, very 11:
carefully because the -- it's tied to the idea that 11:
nothing is perfect. 11:

Q. Okay. 11:

A. But, typically, an unregul ated supply 11:
vol tage would vary its output roughly in proportion 11:
to variations in the input voltage. So if the input 11:
vol tage changed by 5 percent, the output voltage 11:
woul d change by 5 percent. 11:

A regul ated voltage neans that we have 11:
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attenpted to make the output voltage not vary when 11:
the input voltage varies, but in practice, there 11:
woul d still be sone variation, just nmuch | ess than 11:
in an unregul ated system 11:
Q So in the regulated -- let ne put it this 11:
way . 11:
For a regulator to provide a regul ated 11:
supply voltage, there is usually a feedback loop to 11:
make sure that the output stays within a tightly 11:
control |l ed range -- 11:

MR. CHANDLER: Objection. Form

BY MS. ZHONG

Q -- is that right? 11:
MR. CHANDLER: Objection. Form 11:
THE WTNESS: O'ten, there's a feedback 11:
loop. It's not necessary that there be a feedback 11:
| oop as long as there is sone type of a reference or 11:
sone type of -- of decoupling between input 11
vari ations and out put variations. 11:
A feedback [ oop allows one to maintain 11:
regul ation as the current varies and nost nodern 11:
vol tage-regul ated systens woul d i ncl ude that 11:
capability. 11
BY MS. ZHONG 11:
Q So are feedback | oops used in unregulated -- 11:
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et me withdraw and ask. 11:
So are feedback | oops used to provide the 11:

unregul ated supply of vol tages? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: They could be, but | would not 11:

think that that's very conmon. Again, the feedback 11:
is sonewhat separate fromthe fact or absence of 11:
regulation. A feedback |loop is used to nmaintain 11:
stability in light of current variations, 11
t enper ature changes, and ot her factors. 11:
BY Ms. ZHONG 11:
Q Ckay. So to you, the nmain difference 11:

bet ween regul ated and unregul ated voltage i s whether 11:
there is coupling or decoupling between the input 11:
vol tage variation and the output voltage vari ation; 11:
is that correct? 11:
A. Yes, with the understanding that there's 11:

al ways some coupling. It's whether or not it's 11:
bei ng substantially reduced, whether or not the 11:
circuit is attenpting to maintain a fixed out put 11:
vol tage despite potential variations in the input 11:
vol t age. 11:
Q Ckay. So if, as in Harris, the supply 11:

vol tage has a plus-m nus 15 percent margin, does 11:
that indicate to a POSITA that this is an 11:
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unregul ated vol tage source? 11:
A. Not necessarily. It could just be a 11:
regul ated voltage source that doesn't have precise 11:
regulation. But in any case, Harris specifically 11:
tells us that it supports both regul ated and 11:
unregul ated vol tage i nput sources. 11:
Q. Harris mentions external power source in, 11:

for exanple, Figure 1A; correct? 11:
A. Ext ernal vol tage source. 11:

Q What is "external voltage source"? 11:

A. It's one that comes fromoff the DI MM 11:

Q So in your mnd, a voltage source that conmes 11:
fromthe host is also an external voltage source? 11:
A. Wth respect to Harris' figures, | would 11:
think that's correct. 11:
Q And so when Harris nmentions external source 11:
path 104, to you that just neans a path to a voltage 11:
source that's off the DIMM is that correct? 11:
A Yes. 11:
(Clarification requested by Reporter.) 11:

BY MS. ZHONG 11
Q So external source path 104 in Harris, to 11:
you, does not nean there is sonething that neans an 11:
internal source path in Harris; is that right? 11:
MR. CHANDLER: Objection to form 11:
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THE WTNESS: [I'msorry. | mssed sone 11:

wor ds. 11:

BY Ms. ZHONG

Q So if you have an external source path, then 11:

one would think of there is going to be an internal 11:
source path as well; correct? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Not necessarily, but | do 11:

believe that with respect to Harris' draw ngs, 104 11:
is an external voltage and 106 and 108 are internal 11:
vol t ages. 11:
BY Ms. ZHONG 11:
Q So to you, internal voltage source path will 11

be 106 and 108? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Those woul d be exanpl es of 11:

what a person of ordinary skill mght call an 11:
i nternal voltage source on those draw ngs. 11:
BY Ms. ZHONG 11:
Q Where in Harris does it disclose that the 11:
external voltage source cones from host systenf 11:
A. Well, | think there's a couple things that 11:
push us in that direction. 11:
Q Okay. 11:

A One is that Harris tells us that these are 11:
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supplied on the DIMM pins. And normally, all the 11
pins to a DIl MM connect to the host. So that would 11:
| ead one to expect that voltage to conme fromthe 11
host . 11:
Secondly, there are clainms on a conputer 11:
system t hat describe that voltage that woul d be 11:
indicative. 1In general, the discussion of the 11:
external voltage source is in the context of a 11:
menory board assenbly. So, again, that would | ead 11:
one to think that it's external fromthe nmenory 11:
board assenbly and not necessarily external from 11:
anyt hi ng el se. 11:
And then on top of all that, | think there 11:

is just sone comonsense that anyone who's designed 11:
or built a conmputer understands that there is 11:
typically a single-power supply, the host power 11:
supply, and that for both safety and conveni ence 11:
reasons, nenories are powered fromthe host power 11:
supply, that it would be very difficult to make a 11
safe and reliable system where nenories were not 11:
powered by the conmputer system 11:
Q Are you famliar with NV DI MVs? 11

A. | amfamliar with the concept of an 11:

NV DIMM but | don't know the details of the 11:
speci ficati on. 11:
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Q Do you know if NV DI MVs usually includes a 11
plug to which a power nmodule is connected? 11:
A ["'mnot famliar with those details. 11:

MR. CHANDLER: Objection. Form 11:

BY MS. ZHONG 11:
Q. And do you know that NV DIMM the power 11:
nodul e actually supplies the -- can supply power to 11:
the NV DI MM t hrough that plug? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Again, I'mnot famliar with 11:

the details of that specification, but even if that 11:
were the case, |'mnot sure | would consider that 11:
power supply to be separate and not part of the host 11:
comput er. 11:
BY Ms. ZHONG 11:
Q. Even if that power nodul e does not draw 11:
power from the host? 11:
A I"d have to | ook at the details, but -- 11:

Q. Even if the power supply, for exanple, conmes 11:
froma capacitor or a battery? 11:
A. Again, I'd have to | ook at the details. But 11:
certainly, there is battery power in nost conputers. 11
That's part of the host system The battery in ny 11:
| aptop is part of the host system 11:
MR. CHANDLER: | had an objection to the 11:
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form of the question.

BY Ms. ZHONG

Q And you have no idea where the -- howin the 11

NV system-- let ne withdraw that question. 11:
So you basically have not considered how the 11:

NV DI MV can be powered; correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: Wth respect to this 11:
declaration, | have not considered anything about 11:
the NV DI Mvs. 11:
BY Ms. ZHONG 11:
Q Okay. And can you | ook at paragraph 19 of 11:
Harris. \Wat does Harris nean when it says the 11:
system board power supply and associ ated voltage 11:
pl anes are elim nated? 11:
A. It means the specific voltage planes that 11:

are otherwi se necessary to supply VDD and VCC to 11:
menmory nodules in certain prior art systens. 11:
Q. So, for exanple, the 1.8 volt, the 1.5 volt 11:
voltage rails are renoved fromthe notherboard? 1Is 11
t hat what Harris neans? 11:
A. He doesn't get quite that specific, but he 11:
means that the specific highly regul ated nmenory 11:
specific power rails need not be generated on the 11:
not her board. They can be generated locally on the 11:
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DI MM nodul e.

Q Okay. And specifically, he nentions the VCC 11:

and the VDD; correct? 11
A. Yes, with reference to the nmenory nodul e. 11
There are lots of VCCs and VDDs in a conputer 11:
system He is specifically talking about the ones 11:
on the nmenory nodule in a particul ar exanpl e. 11:
As |'ve noted before, he also explains how 11:

this could be useful to many other systens that have 11:
di fferent names for nenories -- for nmenory voltages. 11:
Q Okay. So for the FB-DI MM exanple that you 11:
relied on, what this sentence neans is that the 11:
1.8-volt power supply and the 1.5V power supply for 11:
t he FB-DI MM nodul e, those power supplies and the 11:
associ ated power planes are elimnated; is that 11:
right? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: It neans that for purposes of 11:

suppl ying nenory chips on the DIMV with power, that 11:
can be done locally and need not be done in a 11:
specifically | owvoltage regulated formon the 11:
not her boar d. 11:
Cbvi ously, one would have to | ook at the 11:

totality of the situation to see whether or not 11:
there are other things on the notherboard that 11:
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require simlar voltages and whether or not those 11:

vol tages had been shared with menory in a prior 11:

design or whether they'd been distinct from nmenory 11:

in a prior design. 11:

BY MS. ZHONG 11:

Q. Now, Harris does not expressly state 11

generating VIT locally; correct? 11:

A Correct. One would have to | ook at Harris 11:

in light of the other nenory technol ogi es that he 11:

references. 11:

Q Okay. Harris -- a POSITA would be aware of 11:

t he usage of VDD -- VIT pins on a standard-conpliant 11:

FB-DI MM correct? 11:

MR. CHANDLER: Objection. Form 11:

THE W TNESS: Yes. A person of ordinary 11:

skill would have been famliar with the VIT pins on 11:

a standard JESD 205-conpliant FB-DI MM 11
BY Ms. ZHONG

Q. Okay. So Harris would presunably be aware 11:

of that as well; correct? 11:

A. Presumably, vyes. 11:

Q Ckay. Any reason for not generating VIT 11:

|l ocally on the DI MM board? 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: | think if you read Harris and 11:
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the FB-DI MM standard together, it's clear that it 11:
woul d be preferable to do it locally. 11:
BY Ms. ZHONG 11:
Q Any reason for not doing it |locally? 11:

A. It woul d depend on particular circunstances. 11:
Because it has to track VDD in the standard, | think 11:
it would be preferable to do it |ocally. 11:
Q. When you say "it has to track VDD in the 11:
standard,"” are you referring to the VDD of the DRAM? 11:
A. Yes. The VDD in the DRAM woul d general ly 11:
have a relationship with the VIT. 11:
May | -- give me a second. | will |ook at 11:

Harris again. 11:
Yeah. | think the subject just doesn't conme 11:

up in Harris. One would have to conbine the 11:
t eachi ngs. 11:
Harris describes in paragraph 9 -- | think 11:

that his teachings are broad enough to apply both to 11:
menory technol ogi es that have a separate VIT voltage 11
and those that don't. And that's why | think he 11:
relies on the reader to determ ne how many voltages 11:
need to be generated on the DIMMin a particul ar 11
enmbodi nent . 11:
Q So at the tine of the invention, are you 11:
aware of any DIMvs that don't use VIT? 11
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A. | believe older ones like S -- like single 11
data rate did not use VIT, if | recall correctly. 11
Q. VWhy don't they use VIT? 11:

A. I'"d have to go back and | ook. At one point, 11:
term nation was not required. And then |later on, 11:
separate term nation voltages weren't used. A |ess 11:
efficient nmethod was used in which VDD was used 11:
directly for term nation. 11:
But in any case, the teaching of Harris is 11:

t hat you woul d convert the externally supplied 11:
voltage into appropriate |local voltage |evels, and 11:
he |ists DDR2, DDR3 as exanples. So a person of 11:
ordinary skill would know what the appropriate 11:
vol tage |l evels are for those technol ogi es. 11:
Q. You say that "at one point, term nation was 11:

not required.” 11:
VWhy was t hat ? 11:

The signals were very sl ow. 11:

Q. What do you nean by "slow'? 11:

A. They had very slow rise and fall tines. 11:

In -- decades ago, it wasn't necessary to term nate 11:
every signal. And as | nentioned, in sone cases, 11:
on-chip termnation w thout separate term nation 11:
vol tage was sufficient, although |ess efficient. 11:
Q So SDR falls into that category? 11:
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A From what | can recall off the top of ny 11:
head. | would have to go back and | ook at the spec 11:
to remenber exactly when it changed. 11:

Q. So as far as you recall, FDRs don't need a 11:
VTT? 11:

As far as | can recall right now, yes. 11:

Q What is the current draw for SPD? 11:

MR. CHANDLER: Objection. Form

THE W TNESS: How nuch current does it 11:

dr aw? 11:
BY Ms. ZHONG 11:
Q Yes, for the SPD on the FB-D MM 11:

A. | don't see a specification. 11:

Q Do you have any -- based on your know edge, 11:
what is the general range of the current draw for 11:
t he SPD? 11:
A. | wouldn't speculate. | would go find a 11:
data sheet if | needed an exanple. 11:
Q. Do you have any sense as to the range? 11:

A. | wouldn't want to specul ate. 11:

Q Is it tens of mllianps? 11:

A. That's possible, but I don't know, not 11:

wi t hout | ooking at a reference. 11:
Q Are you aware of any buck converter used for 11:
generating the voltage used to operate the SPD? 11:
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MR. CHANDLER: Objection. Form 11:

THE WTNESS: In an actual product? 11:

BY Ms. ZHONG 11:
Q. Did you cite any data sheets that's for 11:
generating the SPD supply vol tage? 11:
A Well, the SPDis 3.3 volts. Let ne |look. | 11:

t hink that some of the data -- buck converter data 11:
sheets that | -- 11:
Q But are they -- did they say they are 11:
desi gned for use with SPD? 11:
A. | don't think they specifically nmention it. 11:

| mean, in general, power generation chips don't 11:
specify a particular conponent. Engineers use 11:
vol tage and current specifications to choose an 11:
appropriate voltage regul ator. 11:
The regulator in Exhibit 1048, for exanple, 11:

puts out appropriate voltages, and that's what a 11:
person of ordinary skill would do is they woul d 11:
sinply look for sonmething that's suitable. 11
Q Are you aware of any use -- are you aware of 11:

any conputer system designs in which a buck 11:
regulator is used to generate the VDD for the SPD? 11:
A. | haven't | ooked one way or another in 11:
actual designs. 11:

Q Okay. Do you know what kind of regulator is 11:
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used to generate a VDD SPD in the DDR5 DI MM nodul es? 11
A No, not wi thout referring to specifications. 11:

Q. Wuld it you surprise that a linear LDO 11
regulator is used to generate VDDSPD? 11
MR. CHANDLER: Objection. Qutside the scope 11:

of direct. 11:
THE WTNESS: It would not surprise ne. 11:

There are a range of voltages and currents where a 11:
person of ordinary skill would understand that 11:
either a buck converter or an LDO m ght be -- 11:
regul ator m ght be suitable, and they woul d nake the 11:
deci si on between them based on factors such as cost, 11:
size, efficiency, heat generation, and other 11:
factors. 11:
BY MS. ZHONG 11:
Q. Does it surprise you that even though 11:
DDR5 -- let nme wthdraw. 11:
Does it surprise you that even though DDR5 11:

DI MV use a power nmanagenent |C that includes 11:
mul ti pl e buck converters, it would use a |inear 11:
regul ator for generating a 1.8-volt needed to power 11:
the SPD froma 12-volt input voltage? 11:
MR. CHANDLER: Objection. Qutside the scope 11:

of direct. 11:
THE WTNESS: No. It doesn't surprise ne. 11:
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After |l ooking at all the engineering considerations 11:
it's quite possible that the inplenmenter of that 11:
nodul e deci ded not to use a buck converter and to 11
use a linear regulator instead, |ikely because of 11
cost concerns. 11:
BY MS. ZHONG 11
Q. And what other reasons for not using a buck 11:
converter? 11:
MR. CHANDLER: Objection. CQutside the scope 11:

of direct. 11:
THE WTNESS: It would depend on the details 11:

of that particular inplenmentation. But in ny 11:
experience, in a nodern conputer system even where 11:
a buck converter mght be suitable, oftentinmes it's 11:
not selected and an LDO regul ator is selected 11:
instead for cost reasons or for space reasons. 11:
BY MS. ZHONG 11
Q And an LDO is selected over a buck 11:
converter, especially when the current is |ow, 11:
correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: It can be either way, right. 11:

So, you know, a cell phone in sleep nobde uses very, 11:
very low currents and yet would typically use a 11
buck -- a buck converter because of the efficiency. 11:
Page 78

54

54

154

154

54

54

54

54

54

54

54

54

55

55

55

55

55

55

55

55

55

55

55

55

55

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 78




N

A W

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

25

It's a host of things that are taken into 11:

consi deration, and there are many situations where 11:
either one is suitable, but there are different 11:
costs, there are different size constraints, there 11:
are different efficiency |levels, and one nakes -- 11:
uses one's engi neering judgnent to deci de between 11:
two common al ternatives. 11:
BY MS. ZHONG 11
Q The fact is you are not aware of any usage 11:

of a buck converter to generate VDDSPD in a conmputer 11:
system correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: As | said, | haven't | ooked so 11:

"' m not aware, but that's primarily because | 11:
haven't | ooked. 11:
BY MS. ZHONG 11:
Q. You basically did not cite an exanple where 11:

a buck converter is used to generate VDDSPD; 11:
correct? 11:
A. Not in an actual conmputer system but what | 11:

did cite is the availability of suitable buck 11:
converters to do so that would have been known to a 11
person of ordinary skill in the art at the tine. 11:
Q So it is your position that as long as a 11:
vol t age regul ator outputs the right voltage range, 11:
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then it can be used with the SPD? 11
A No. | would -- it's a narrower -- no. 11:
That's not right. 11:
Q Okay. 11:

A. You know, there are a nunber of things that 11:
have to be considered. |'ve talked about them 11:
It's the voltage, the current, the size, and noise 11:
levels. And in this particular case, | identified 11:
that a person of ordinary skill in the art would 11:
have known of buck converters that were suitable to 11:
generate the SPD at the tine. 11:
Q Vlhat is the noise |level required for 11:
oper ati ng VDDSPD? 11:
A We woul d have to | ook at the specific 11:
conponents. But, typically, it's something on the 11:
order of plus/mnus 5 percent. 11:
Q. Where is that anal yzed? 11:

A It would be on the EEPROM data sheet for the 11:
SPD. 11:
Q. Did you cite any SPD data sheets? 11:

A No. 11:

Q What is the current requirenent for the SPD? 11:

A I think you asked nme that already and |I told 11:

you that | didn't know off the top of ny head. 11:
Q And what is the size requirenent for usage 11:
Page 80

57
57
57
57
57
57
57
57
57
57
57
57
58
58
58
58
58
58
58
58
58
58
58
58
58

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 80




N

A W

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

25

with the SPD? 11:
A That woul d depend on a particular DI WM 11:
design, but certainly the small chips that | cited 11
to are suitable. 11
Q And where is that analyzed, specifically for 11:
SPD? 11:
A VWhere in ny declaration? 11:
Q Correct. 11:
A. Par agraph 286 -- 11:
Q Ckay.

A -- when | cite back to a nunber of other 12:
t hi ngs. 12:
Q Unh- huh. Can you tell ne which one's 12:
specific for the SPD? 12:
DEPOSI TI ON REPORTER: Excuse ne. Did you 12:
obj ect, M. Chandler? 12:
MR. CHANDLER: Just coughi ng. 12:
THE W TNESS: There's only two sentences 12:
there that's specific to a skilled artisan woul d 12:
have understood it would have been obvious to 12:
i npl ement the high-frequency switching converter in 12:
Harris for SPD as a buck converter. And then | 12:
refer -- 12:

Q Uh- huh.
A -- to paragraph 236, 146 to 149, where | 12:
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expl ain reasoning and then also to a bunch of other 12:

exhi bits. 12:

(Clarification requested by Reporter.)

THE WTNESS: M reasoning and a bunch of 12:
ot her references. 12:
BY Ms. ZHONG 12:
Q. Okay. So do any of the references you cited 12:
refer specifically to SPD? 12:
A. | don't recall if they refer to it by name. 12:
| would be happy to | ook at each one if you'd I|iKke. 12:
Q Sure.
A. VWhat they do is they refer to a range of 12:
vol tages and currents that would be suitable to 12:
provi de the voltage for an SPD, as | expl ai ned 12:
earlier in the declaration, including in paragraph 12:
236. 12:
Q. Okay. So let's look at 146 to 149. | don't 12:
see any analysis with respect to SPD. 12:
A Well, the relevancy is it explains that a 12:
buck converter can be used to step down a voltage 12:
froma higher voltage to a | ower voltage. And in 12:
t he exanples that | provided for Harris, the input 12:
vol tage would be 12 volts, and the output voltage 12:
woul d be 3.3 volts and, therefore, a buck converter 12:
woul d generally be suitable. 12:
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Q Okay. So but you did not |ook specifically 12
for the operating condition for SPD in the FB-D MM 12
correct? 12
MR. CHANDLER: Objection. Form 12
THE W TNESS: That's not correct. | |ooked 12
for buck converters that could produce 3.3 volts at 12:
sufficient currents to support a -- a SP-DI MM 12:
BY Ms. ZHONG
Q For FB-DIMM in general, but not for the 12
specific operating conditions for the SPD on the 12:
FB-DI MM correct? | don't see the word " SPD" 12:
appearing anywhere in those paragraphs in paragraph 12:
236. 12:
MR. CHANDLER: Objection. Form 12:
THE WTNESS: It's not -- the words are not 12:
in that paragraph. The words show up | ater when | 12:
tal k about the VSPD and refer back to those 12:
par agr aphs because those paragraphs explain how a 12:
buck converter can be used to generate a step-down 12:
voltage from 12 volts, such as a 3.3V voltage. 12:
And | believe the other citation actually 12:
specifically points to those ranges. And the -- 12:
let's see. And then | gave exanples of chips that 12:
were known at the time that could supply a 3.3-volt 12:
out put . 12:
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BY Ms. ZHONG 12:
Q Okay. M question is very sinple. None of 12:

t hose are specific for SPD;, correct? It's just a 12:
general concept as to when buck converters can be 12:
used and that there are buck converters than can 12:
convert 12-volt to 3.3-volt; correct? 12:
A In those particul ar paragraphs. Later on, | 12:
expl ai n how those paragraphs are used to explain the 12:
reasons why one woul d supply VSPD using a buck 12:
converter. 12:
Q And it's based on the general explanation 12:
that's not specific for SPD; right, when you are 12:
referring back to those paragraphs? 12:
A. VWhen | refer back, yes, | refer back to a 12:
general expl anation because as | expl ained before, 12:
the way that a person of ordinary skill chooses a 12:
power supply or a voltage regulator is not based on 12:
it being | abeled for a particular use. |It's based 12:
on it having the appropriate characteristics to make 12:
it suitable for that use. 12:
Q Ckay. But you have no idea what is a 12:
suitabl e size, current, for exanple, for the SPD, 12:
right? 12:
MR. CHANDLER: Objection. Form 12:

THE W TNESS: No. That's not true. | nean, 12:
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certainly, I can -- | know how big a DIMMis and | 12
know t hat DI MV can vary sonewhat in size, so | can 12:
determ ne what's an appropriate size. And | have 12:
| ooked at those exenplary chips. They are all the 12:
appropriate size. | know the appropriate voltage at 12:
3.3 volts. And | know just in general that an SPD 12:
needs a reasonably small current. It does not need 12:
anps of current, so that tells nme that these 12:
particul ar power supply units are -- buck converters 12:
are suitable as well. 12:
BY Ms. ZHONG 12:
Q And what's the range of the current needed 12:

by the SPD? 12:
A. | don't know exactly, but we | ooked, for 12:
exanmpl e, at the one part before and saw that it 12:
could supply a voltage efficiently at 1 anpere; | 12:
woul d expect an SPD to be significantly bel ow that. 12:
It also was able to supply current nuch | ess than 12:
1 anpere so... 12:
Q. VWhy do you say "significantly below 1 amp"? 12:
What is significantly below 1 anmp? 12:
A. Let me see if | can find that graph again. 12:

It seens to go down to maybe .02 anps. That's just 12:
a question of how far down they neasured it. [|I'm 12:
sure it could potentially work even bel ow that as 12:
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wel | . 12:
MR. CHANDLER: Could | ask what exhibit the 12:
two of you are | ooking at? 12:
THE WTNESS: |'m |l ooking at 1040. 12:
BY MS. ZHONG 12:
Q. 1040. \Which page? 23? 12:
A. Yes. 12:
Q. And about 0.02 anp, the efficiency is about 12:
20 percent? Maybe 22? 12:
A. Bal | park. It goes up -- 12:

Q Okay.
A. -- very quickly there. 12:
Q Okay. So if you use a |linear regulator 12:
that's 3.3 volts output and 12 volts input, that's 12
25 percent, 26 percent efficiency at least; right? 12:
A. Not at least. At nost actually. 12:
Q. That's 25 percent efficiency, 3.3 divided by 12:
12 volts. That's the efficiency for the LDOs; 12:
ri ght? 12:
A Yes, but there's also references -- there 12:
are other current paths in the chip. So it will be 12:
somewhat |less than that. Probably not a lot |ess 12:
t han that. 12:
Q Okay. And it will be the sane for the buck 12:
converters; right? Watever -- the 20 percent 12:
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that's shown here, that's for the -- that's the 12:
upper limt, that's not the lower limt? 12:
A No. | believe that's typical for this 12:
particul ar -- 12:
MR. CHANDLER: Object to form 12:

THE WTNESS: -- so, yeah, that's typical 12:

for this particular chip and at that particular 12:
current, it could be a wash. That's a possibility 12:
for this particular chip. 12:
BY Ms. ZHONG 12:
Q And is it usually the case when you have a 12:
very -- in the low |load situation, the efficiency of 12:
t he buck converter drops off pretty quickly? 12:
A Yes. 12:

MR. CHANDLER: Object to form 12:

THE WTNESS: But low load is different for 12:

each buck converter. There would be other buck 12:
converters that would be optim zed for nmuch | ower 12:
currents, so they would be nmuch nore efficient at 12:
.02 anps. 12:
BY Ms. ZHONG 12:
Q Ckay. Have you cited the ones that's nuch 12:
nmore efficient at the anps and mllianps range, |ike 12:
the 20 mllianps, 30 mllianp range ones? 12:
So for exanple, 1041, what would be 12:
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efficiency at the I ow |l oad situation?

A. Well, I don't know that that's provided
the specification --

Q. Okay. As a designer, if the load at the
peak is 20 to 30 mllianp, would you use the buck
converter showing in Exhibit 1040, or would you |
use a new regul ator in that case?

A Ei t her one woul d be obvi ous.

Q ' m asking you as a designer, which one
woul d you choose?

A | would have to consider other factors
i ncluding price and supply chain availability and
ot her characteristics.

Q A buck converter is usually nore expensi
than a linear LDO regulator; right?

MR. CHANDLER: Objection to form And |

coul dn't hear you

THE W TNESS: Not necessarily. You know, it 12:

really depends on what point in time and what
particul ar regulator and what its capabilities ar
BY Ms. ZHONG

Q So the buck regulator in Exhibit 1040 ve
an LDO that drops 12 volts down to 3.3 volts?

A. | haven't done a conprehensive cost

anal ysi s.

12:
in 12:
12:
12:
12:
ust 12:
12:
12:
12:
12:

12:

12:
ve 12:

12:

12:

12:
e. 12:
12:
rsus 12:
12:
12:

12:
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Q Okay. Certainly, the LDO design would take 12

up | ess space; correct? 12:

MR. CHANDLER: Objection -- 12:

THE W TNESS: Not necessarily. 12:
(Carification requested by Reporter.)

MR. CHANDLER: Object to form 12:

BY Ms. ZHONG 12:

Q. VWhy not ? 12:

A. It depends on the external conponents, the 12:

packagi ng. You have to actually do the anal ysis. 12:

Both are viable solutions and, again, since buck 12:

converters, especially |ow current buck converters, 12:

are designed for sone very small battery powered 12:

systens |i ke cell phones, or even smaller things, 12:

they often can be extrenmely small. 12:

Q. The linear regulators, you don't even need 12:

external conponents |ike capacitors -- like 12:

i nductors; right? 12:

A You don't need inductors, but you do 12:

generally need capacitors and they can be just as 12:

| ar ge. 12:

Q And i nductors are pretty large; right? 12:

A. It depends on the value of the inductor and 12:

the particular situation. 12:

Q Have you ever used a buck converter with an 12:
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efficiency of 20 to 30 percent when you have an LDO 12
avai |l abl e? 12:
MR. CHANDLER: Objection to form 12:

THE WTNESS: | think |I probably have. 12:

BY MS. ZHONG 12:
Q. When the usage is always 20 to 30 percent 12:
efficiency for the buck converters in a nmenory 12:
syst enf? 12:
A. Well, | don't think that | have an exanple 12:
that is -- that is that narrow. 12:
Q Okay. And you certainly have not used a 12:
buck converter that's with a 20 to 30 percent 12:
efficiency to supply voltage for SPD; correct? 12:
A. No. | have not personally designed the 12:
power supply for an SPD. 12:
Q. And you are not aware of any usage of a buck 12:
converter that is operating at a 20 to 30 percent 12
efficiency for supplying a voltage to SPD; correct? 12
A | can't point to one off the top of ny head. 12:

Q. And can you point to an exanple where a buck 12:
converter that's operating on 20 to 30 percent 12:
efficiency is used in a nenory systenf 12:
MR. CHANDLER: Objection to form 12:

THE W TNESS: That's not an analysis |'ve 12:
perfornmed, no. 12:
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M5. ZHONG  Ckay. It's 12:17 right now Do 12:
you want to take your |unch break? 12:
DEPOSI TI ON REPORTER:  \Why don't we go off 12:
t he record. 12:
M5. ZHONG  Sure. 12:
(Lunch recess.) 12:

BY Ms. ZHONG
Q Good afternoon, Dr. Wl fe. 13:
You are not aware of any conputer systens 13:
suitable for use with FB-DI MM that provides 13:
unregul ated supply voltage; is that correct? 13:
A No. They all provide unregul ated supply 13:
vol t age sonmewhere. 13:
Q Okay. So you are not aware of any conputer 13:
system suitable for use with FB-DI MVs that provide 13:
unregul ated supply voltages to FB-DIMM is that 13:
correct? 13:
A. You are aski ng about conputer systens that 13:
are in production? 13:
Q. At the time of the invention, are you -- let 13
me w t hdraw and ask. 13
Are you aware of any conputer systens at the 13
time of the invention that are suitable for use with 13
FB- DI MM t hat provi des unregul ated supply vol tages 13
for the nenory systens? 13
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A The one described in Harris. 13:

Q So you're assum ng that the power supply for 13:
Harris FB-DI MM cones fromthe host system correct? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: | think a person of ordinary 13:

skill would generally assunme that the external 13:
vol t age source 104 cones from the host conputer. 13:
BY Ms. ZHONG 13:
Q Ckay. So for -- setting aside Harris, are 13:

you aware of an actual conputer systemat the tine 13:
of the invention suitable for use with FB-DIMVs that 13:
provi des unregul ated supply voltages for the nenory 13:
syst entf? 13:
A. And by "actual conputer system" | assune 13:

you nean one that was commercially avail abl e? 13:
Q. Need not be commercially avail abl e, but 13:
avai |l abl e. 13:
A. So it physically existed? 13:

Q Uh- huh. 13:

A "' m not aware of one. 13:

Q Ckay. And are you aware of any conputer 13:
systens at the time of invention that provide 13:
12-volt supply voltages with plus/m nus 15 percent 13:
variation? 13:
A Again, we are talking about physical 13:
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conmput er systens? 13:
Q Yes. 13:

A Not off the top of my head. | haven't -- | 13:
don't recall the specifications to that |evel of 13:
detail. Lots of conputer systenms had 12-volt power 13:
rails with sonme variation, but I don't recall the 13:
exact specification for a particular conmputer from 13:
t hat | ong ago. 13:
Q Is it typical for the 12-volt power rails to 13:
have a plus/m nus 15 percent variations in the 13:
conmputer systens at the tine of the invention? 13:
A It depends what your environnment is. In an 13:
autonotive environnment, that would have been 13:
typical. 1In a desktop conputer or a server 13:
environnment, the variation typically would have been 13:
| ess, but they would have been within the plus or 13:
m nus 15 percent. 13:
Q FB-DI MM are not used in autonotive 13:
envi ronnent as far as you know, correct? 13:
A Not as far as | know, no. 13:

Q And what is a typical variation for the 13:
12-volt voltage supply in service at the time of the 13:
i nvention? 13:
A. |'"m sure there's variation throughout the 13:
industry. | think plus or mnus 5 percent or plus 13:
Page 93

06
06
06
06
06
06
06
06
06
06
07
07
07
07
07
07
o7
07
07
07
07
07
08
08
08

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 93




N

A W

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

25

or mnus 10 percent on a 12-volt rail would have 13:
been typical, but there could have been others. 13:
Q Okay. And that -- is the answer the sane 13:

for a PC systenf 13:
A. At that time, yes. For a normal desktop PC, 13:

t hose woul d be nore typical variations. 13:
Q. Okay. But FB-DIMVs are usually -- let me 13:

put it this way. 13:
FB-DI MVt are designed for use in server 13:

systens; right? 13:
A. | think they're primarily intended for 13:
servers and hi gh-end workstations. 13:
Q And t he high-end workstations wll have 13:

pl us/ m nus 5 percent variation for a 12-volt rail; 13:
is that right? 13:
MR. CHANDLER: Object to form 13:

THE W TNESS: Sone of them could. Some of 13:
them mi ght have a different tol erance. 13:
BY Ms. ZHONG 13:
Q. So for a high-end workstation with a 12-volt 13:
power rail, the tolerance is the 5 to 10 percent you 13:
mentioned before; correct? 13:
MR. CHANDLER: Objection to form 13:

THE W TNESS: That woul d be npbst common. 13:

But as | said, there would be variation anong 13:
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manuf act urers. 13:
BY Ms. ZHONG 13:
Q Certainly you' re not aware of any server 13:
systens or high-end workstations that are used with 13:
FB-DIMVE with a 12-volt power rail and a plus/ m nus 13:
15 percent voltage sway; is that correct? 13:
A " m not specifically aware of a physical 13:
system t hat has those exact specifications. 13:
Q And | just want to confirmthat your 13:
decl aration does not propose any nodification to the 13:
host controller or menory controller in the nodified 13:
Harris system correct? 13:
A. It does not suggest any nodifications to the 13:
host conputer or to the host conputer nenory 13:
controller. 13:
Q. And in the server systens and workstation 13:
systens that you are aware of at the tinme of the 13
i nvention, those systens provide regul ated power 13:
rails to the nenory systens; correct? 13:
MR. CHANDLER: Object to form 13:

THE W TNESS: That's generally the case. 13:

Again, I'mnot -- I'"'mnot famliar off the top of ny 13
head with every system but usually nmenory is 13:
supplied with regul ated power. 13:
Il 13:
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BY Ms. ZHONG 13:
Q Can you pull up Harris Exhibit 1023 and 13:

par agraph 2. 13:
A Okay. 13:

Q And do you see the sentence that says: 13:

"To cope with power requirenents, 13:

i ndustry standard nenory nodul es, e.g., 13:

Dual In-line Menory Modul es, popul at ed 13:

with dynam ¢ random access nenory 13:
devices..." 13:

Do you see that sentence? 13:

A. | do. 13:

Q So this sentence states that instead of the 13:
menory nodul es, the DI MW are powered supply rails 13:
fromthe host systenf 13:
MR. CHANDLER: Objection to form 13:

THE WTNESS: Yes, in a sense. It says that 13:

they are powered fromthe system board or nmin 13:
board, which would be part of the host system 13:
BY Ms. ZHONG 13:
Q Ckay. And can you take a | ook at that 13:

par agraph 11. 13:
A. Okay. 13:

Q There's a sentence that says: 13:
"Since the VDD and VCC power supply 13:
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rails are rendered i ndependent from

external voltage sources...”

Do you see that sentence? 13:

A. | do. 13:

Q What does that sentence nean? 13:

A | think it means two things. | think it 13:
means that in this proposed nodule, rather than VDD 13:
and VCC being directly drawn fromthe host system 13:
t hey are rendered on the nodule, on the nmenory 13:
modul e from a voltage that is external to the menory 13:
nodul e, and that each of those two are done 13:
i ndependent|y. 13:
Q If you use a single regulator to generate 13:
both VDD and VCC on the DIMM can the two vol t ages 13:
be rendered i ndependent from external voltage 13:
sources? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: It would depend on the 13:
characteristics of that regulator. And | think it 13:
woul d al so be somewhat semantics as to whether or 13:
not you called it a single regulator. If it has two 13:
outputs -- we would have to look at it, but nost 13:
engi neers would treat it as two regulators if it had 13:
two outputs at two different voltages or a dual 13:
regul ator, not just a sinple regul ator. 13:
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And, of course, as | said before, the nost 13:

strai ghtforward approach to generating two different 13:
out put voltages is to use two regul ators. 13:
BY Ms. ZHONG 13:
Q Do you have Exhibit 2004 with you? 13:

A | can find it. | have it. | have not read 13:

it. 13:
Q. Woul d you consi der a single inductor 13:
mul ti ple output regulator to be nultiple buck 13:
converters or a single buck converter? 13:
A. |"d have to study the functionality nore. 13:

Q I n general, each buck converter would have a 13:
correspondi ng i nductor; correct? 13:
A. In the nost straightforward but -- 13:

MR. CHANDLER: Objection to form 13:

THE WTNESS: In the nost straightforward 13:

i npl enentation, yes, the -- each converter would be 13:
di stinct. 13:
BY Ms. ZHONG 13:
Q. Okay. And have you -- do you have 13:
Exhi bit 2003 [verbatin] with you? 13:
A. Yeah. Unfortunately, | nessed up ny screen 13:
alittle bit. Gve ne a second. Again, yes, | have 13:
it. | have not read it. 13:
Q Okay. So you have no opinion as to whether 13:
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a four-output single inducted DC-DC buck converter 13:
woul d be regarded as a single buck converter or 13:
mul ti pl e buck converters? 13:
MR. CHANDLER: Object to form 13:

THE WTNESS: No. Not at this time, no. 13:

BY Ms. ZHONG 13:
Q. Now, assuming you're using a single inductor 13:
mul ti pl e out put buck converter to generate VDD and 13:
VCC - - 13:
A Uh- huh. 13:

Q -- would the resulting VDD and the VCC be 13:
gener at ed i ndependent fromthe external voltage 13:
source? 13:
A I think it depends on the actual design of 13:

t he converter. 13:
Q. Can you specify what you nean by that? 13:

A. | don't think I can say w thout |ooking at 13:

the actual circuit in its operation whether or not 13:
the two voltages are being independently generated 13:
or dependently generated. Again, it wasn't 13:
sonmething | had to consider because the nost 13:
straightforward approach in |light of the teachings 13:
woul d be to sinply have two converters. 13:
Q Okay. But VDD and the VCC will be 13:

i ndependent fromthe external voltage source; right? 13:
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A That is what Harris teaches, yes. 13:

Q Okay. And if you use a single conductor 13:
mul ti pl e out put buck converter, the locally 13:
gener ated voltage woul d be i ndependent fromthe 13:
vol tage source that's supplied to the DIMM is 13:
t hat correct? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: Yeah. | think it depends on 13:

the specific circuit, but I think that could be 13:
true. 13:
BY Ms. ZHONG 13:
Q And can you take a | ook at paragraph 12 of 13:
Harris. 13:
A Yes. 13:

Q VWhat is paragraph 12 descri bing? 13:

A Par agraph 12 describes the standard FBD 13:
nodul es’ power pins and the alternative of having 13:
12-volt pins on Harris' nmodule. The inplication is 13:
that they're the same kind of pins, but that they 13:
use a different voltage and a different nunber 13:
requi red, and you can cal cul ate that nunber based on 13:
how many nenory devices you have on your DI VWM 13:
Q Is Harris proposing to replace both the 13:
power pins and the ground pins with the 12-volt 13:
supply pins? 13:
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MR. CHANDLER: Objection. Form 13:

THE W TNESS: He's not conpletely clear. He 13:
certainly is replacing the power pins with the 13:
12-volt supply pins. | think he is suggesting that 13:
there may be cases where the nunmber of grounds can 13:
be reduced, but that is not really critical to his 13:
i nventi on. 13:
BY Ms. ZHONG 13:
Q So if in the nodified Harris, the ground 13:
pins are no | onger there, would there be a ground 13:
| oop issue in which the FB-DI MM woul d have a ground 13:
reference than the notherboard? 13:
A. | don't think he's suggesting that the 13:
ground pins are not there. He certainly talks about 13:
associating ground returns. | think that a person 13:
of ordinary skill mght understand that one may not 13:
need as many ground pins if one does not have as 13:
many power pins, but certainly one would still need 13:
associ ated ground returns. 13:
Q. Wuld it be a problemif the FB-DI MM 13:
receives 12-volt voltage supply while the nenory 13:
controller is receiving, say, 1.5 volt supply needed 13:
to drive the signal |ines? 13:
A. No. No, as long as they share a ground and 13:

as long as the signals are provided at the 13:
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appropriate vol t ages,

t he original source of power 13:

is not particularly relevant.

Q. So they have to share -- the notherboard and 13:
the DI MM have to share a conmmon ground? 13:
A. Yes, or they need to use differential 13:
signaling. Different generations did it different 13:
ways. 13:
Q. So for FB-DIMM woul d differential signaling 13:
wor k? 13:
A. The FB-DI MV have a shared ground. 13:

Q What do you nean by "FB-DI MV have a shared 13:

ground"?

A. There are VSS pi ns,
are connected to the notherboard ground,

are 80 of them and the nmenory controller would al so 13:

share that same ground reference.

Q What about i
A. It would sti
Q How, if you

A. As | said,

ground. | don't think there would be any reason to 13:
replace all the ground.
el ectrical engineering would think that

you shoul d provide power but not provide a 13:

correspondi ng ground.

n Harris, the nodified Harris? 13:

Il share a ground.

replace all the ground as well? 13:

don't think you replace all the 13:

13:

13:
that's the ground, that 13:
and there 13:

13:

13:

Nobody who under st ands 13:

Harris says 13:
13:
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Q But Harris says there are a total of 13:

72 pins that provide a power supply interface for up 13:

to two x4 DRAM ranks and the buffer logic; right? 13:

A Yes. 13:
(Carification requested by Reporter.)

M5. ZHONG If you just |ook at the 13:

exhi bit, you should be able to find it. 13:

MR. CHANDLER: It is paragraph 127 13:

MS. ZHONG.  Yes. 13:

BY Ms. ZHONG 13:

Q And the 72 pins include both the VDD VCC 13:

pins and the ground pins; right? 13:

A G ve nme one second. Yes, but that's only a 13:

subset of the total ground pins on the nodule. 13:

Q. What ot her ground pins are there? 13:

A well, if we | ook at page 11 of Exhibit 1028, 13:

you can see that a standard FB-DI MM has 80 ground 13:

pins to go along with 36 -- actually, 37 if you 13:

i nclude SPD, power pins. | believe that the 72 he 13:

was talking to -- tal king about was the 36 power 13:

pi ns, which do include the VIT pins, and 36 of the 13:

80 ground pins. But there would still be 44 13:

remai ni ng ground pins. 13:

Q So you think that when Harris is referring 13:

to the VDD pins, it includes both what the FB-DI MM 13:
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specification calls the VIT and VDD pi ns? 13:
A. | think so because he says there's 28 of 13:
t hem - - 13:
Q Okay.
A. -- and the specification has 24 VDDs and 13
4 VTTs. 13:
Q. Okay. And he shows a single outlet for -- 13:
of 28 of the VDD voltage |evel; right? 13:
MR. CHANDLER: Objection. Form 13:
THE WTNESS: No. | think he only 13:
illustrates 24 of them and just hasn't illustrated 13:
the other four in his draw ngs. 13:
BY Ms. ZHONG 13:
Q He only mentions 1 VDD; right? He never 13:
differentiated VDD and VTT; correct? 13:
MR. CHANDLER: Objection. Form 13:
THE WTNESS: Well, he refers to the 13:
standard FB-DI MM and he refers to 28 pins. That 13:
i ncludes the FTT pins -- or the VIT pins -- |I'm 13:
sorry, a person of ordinary skill would understand
that. But in his drawi ngs, he does sinplify things.
He draws a single VDD, a single VCC, and does not
actually draw the VTT. 13:
BY Ms. ZHONG 13:
Q Okay. \When was Harris filed? 13:
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A. When was Harris filed? January 31, 2005. 13:

Q And when is the specification adopted? 13:

A. The version | have was adopted in 2007. 13:

Q. And do you have an idea what was the 13:
proposal at the time when Harris filed its 13:
application for FB-DIMM how many VDD pins there are 13:
in that version? 13:
A No, | don't know all the previous versions. 13:

But there is a version log in -- at the end of the 13:
JEDEC docunent that does show that VTT pins were 13:
added in a very early version, or at |east sone 13:
additional VIT pins were added in a very early 13:
version. 13:
Q Uh- huh. How many VCC pins -- VDD pins were 13:
there in the early versions? 13:
A | don't know. | don't have that version. 13:

Q. Okay. And do you know when each of the 13:
ver si on was adopt ed? 13:
A | don't have those dates in front of ne. 13:
But, again, | considered what a person of ordinary 13:
skill would have understood at the tinme of the 13:
filing of the patents currently being exam ned. 13:
Q And did you say anywhere that -- in your 13:
declaration that Harris |unped the VDD and the VIT 13:
pi ns together? 13:
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A | don't recall. 13:

Q Is it that you don't recall or that you 13:
never so opi ned? 13:
MR. CHANDLER: Objection to form 13:

THE WTNESS: | don't recall. 13:

BY Ms. ZHONG 13:
Q. Now, SDRAMs -- DDR2 SDRAMs don't really have 13:

a VIT pin; correct? 13:
A. Say that again. 13:

Q DDR2 SDRAMs do not have VIT pins; correct? 13:

MR. CHANDLER: Objection to form 13:

THE W TNESS: That's correct. The chip 13:

itself does not have a VIT pin. 13:
BY Ms. ZHONG 13:
Q Is VIT and VREF the sane thing? 13:

A They don't performthe sane function. It 13:

may be that in some systens they are connected 13:
t oget her. 13:
Q. What different functions do they perfornf 13:

A. VIT is for the purpose of terminating the 13:
signal. VREF is used to conpare the voltages from 13:
the incom ng signal to determ ne whether or not it 13:
is a0 or 1. 13:
Q Are you aware of any nmenory nodules in which 13:
VREF and VTT are supplied fromthe sane power rail ? 13:
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A | don't know off the top of ny head one way 13:

or the other. 13:
Q Are you aware of any DDR2 SDRAMs for which 13:
VREF is supplied on the sane voltage rail as for 13:
VTT? 13:
A | don't know one way or the other. 13:

Q. Have you designed any nenory systens in 13:

whi ch you use the VIT supply rail to provide the 13:
reference vol tage? 13:
A I have not. 13:

Q Woul d you have desi gned any nenory systens 13:

in which the VIT supply rail is used to provide the 13:
reference vol tage? 13:
A. | don't understand the question, | guess, 13:
because it sounds |ike the sanme question. 13:
Q. No. One is whether you had actually done 13:

it. The other is if you had a choice, would you 13:
have done it. 13:
A Oh, | don't know. | would have to exam ne 13:

the circumstances at the tine. 13:
Q So how many nenory systens have you 13:
desi gned? 13:
A | don't know. | haven't counted them 13:
Maybe a dozen. 13:
Q Maybe a dozen. Ckay. 13:
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And in those dozens of -- in those dozen of 183:

menory systenms, are there both VIT and VREF? 13:
A | don't believe so. Not that | can recall. 13:

Q In which systens there are no VTTs? 13:

MR. CHANDLER: Object to form 13:

THE WTNESS: | can't recall off the top of 13:

my head. Modst of them were nore than 25 years ago. 13:
BY Ms. ZHONG 13:
Q And back in those days, were VITs commonly 13:
used to term nate the signals for DRAMs? 13:
A. On | arge systens they were, on smaller 13:
systens they were not. 13:
Q How do you define | arge systens? 13:

A. Again, it would be a conplex analysis based 13:

on simulations. But generally, it would be based 13:
primarily on the I ength of the wires between the 13:
menmory controller and the menory. That woul d have 13:
to be considered in |ight of the -- of the signal 13:
transition speeds. 13:
Q. Okay. So in the case of FB-DIMM Harris' 13:
FB-DI MM where | believe you said the transmtting 13:
device for the address command and cl ock signals 13:
woul d be the un-DI MM AMB buffer; right? 13:
A Wth respect to the one particul ar statenment 13:

t hat you asked nme about, yes. 13:
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Q Okay. And the receiving device will be the 13:
DRAM on the FB-DIMM right? 13:
A. Wth respect to that one particul ar 13:
statenment, that would be true. 13:
Q Okay. And for the potential wi de |length 13:
between the transmtting device AMB and the 13:
receiving device FB-DIMM would that wi de |ength be 13:
sufficiently long that a VIT would be required? 13:
A. | think in that particular case, in order to 13:

be compliant with the relevant JEDEC standards, a 13:
VIT is required independent of whether or not it's 13:
hypot hetically required. 13:
Q Well, Harris is not JEDEC conpli ant; 13:
correct? 13:
MR. CHANDLER: Object to form 13:

THE W TNESS: Harris need not be JEDEC 13:
conpliant, but he certainly refers us to a nunber of 13:
JEDEC- conpl i ant nenories that he believes are 13:
conpatible with his system including the FB-D MM 13:
t he standard FB-DI MM which we know has two 13:
term nati on networks, one on each side, both of 13:
whi ch are connected to VIT. 13:
BY Ms. ZHONG 13:
Q VWhere does Harris say if FB-DIMMis JEDEC 13:
conpliant? 13:
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A As a person of ordinary skill in the art, 13:
when he refers to a standard FBD nodul e and refers 13:
to nunmerous DDR standards, | would understand that 13:
to include JEDEC standard FB-DI MMs. And when he 13:
gi ves specific nunbers of pins that correspond to 13:
t he JEDEC FBD standard, that would reinforce that 13:
under st andi ng. 13:

Q. In the standard-conpliant FB-DI MM and DDR2, 13:
VIT is not supplied to the DRAM correct? 13:

MR. CHANDLER: Objection. Form 13:
THE WTNESS: In that situation, it would 13:
not be supplied to the DRAM chi ps, but woul d be 13:
connected to a term nation network that is connected 13:
to DRAM pins on the DRAM chi ps. 13:
BY Ms. ZHONG 13:

Q V\hi ch DRAM pi ns woul d those term nation 13:
net wor ks be connected to? 13:

A. | believe the address pins. 13:

Q Where is that stated in FB-DI MM standard or 13:
t he DDR2 SDRAM st andard? 13:

A. | believe that's shown on page 77, for 13:
exanpl e. 13:

Q O which exhibit? 13:

A Of Exhibit 1028. 13:

Q Okay. 13:
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A The AMB out put is connected through TLs. 13:
"TL" stands for transm ssion |line, and essentially 13:
it means a wire on the printed circuit board, which 13:
connect to the SDRAMs, and | believe in this 13:
particular case, to the address pins, and then 13:
connect through resistor R1, which is exenplary, to 13:
VTT. 13:

Actual ly, on page 74, there's a draw ng 13:
that's simlar that is specific to address and 13:
command. There are other simlar draw ngs as well. 13:

Q WIl you go to page 29 of Exhibit 1028. 13:

A. Okay. 13:

Q Let nme know when you are there. 13:

A "' mthere. 13:

Q. Okay. Do you see the heading "FB-D MV 13:
Channel Signals"? 13:

A Yes. 13:

Q. Are the signals |isted bel ow t hat headi ng 13:
the signals received by AMB fromthe nmenory 13:
controller? 13:

A. The first 10 lines are. Now, they may not 13:
be comng fromthe nmenory controller. They may be 13:
com ng from anot her FB-DI MM dependi ng on how t he 13:
FB- DI MM has been pl aced. 13:

Q So let's say this is a FB-DIMMthat's 13:
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connected with the host system the first in the 13:
dai sy chain. 13:
A Okay. 13:

Q. So are those signals listed under the 13:
headi ng the ones received fromthe nenory 13:
controller? 13:
A No. Depending on how it's connected, sone 13:

of them woul d be received fromthe menory controller 13:
and sone of them would be potentially output to the 13:
next FB-DI MM 13:
Q Okay. So which are the ones -- which 13:
signals are received by AMB fromthe D MM 13:
connect ors? 13:
A. So the host of the first DI MM next to the 13:
nort hbound out and the southbound in -- I'msorry. 13:
What page were we on for the original -- 13:
Q 29. 13:

A. -- that's page 29? 13:

Q Yeah. 13:

A. So | believe that the system cl ock i nput 13:
woul d be connected. |'d have to do sone nore 13:
| ooki ng to understand which is primary and which is 13:
secondary. | believe the primary connections, the 13:
next four, are the ones that would be connected to 13:
the host and the secondary connections woul d be 13:
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connect ed downstream 13:
Q Okay. So assunming that you are correct that 13:

the primary are the ones connected fromthe -- are 13:
t he ones received fromthe connectors, then the 13:
informati on received by the AMB are the ones from 13:
the systemclock input, the first two lines, as well 13
as primary sout hbound data positive |lines and 13:
primary sout hbound data negative lines; is that 13:
right? 13:
A | believe that's correct. 13:

Q And the signals that are outputted to the 13
DDR2, those are listed under the DDR2 interface 13
signals; is that right? 13
A Yes. Although a few of the ones at the 13
bottom are not actually connected to the DDR chi ps. 13
Q. Okay. But the -- for exanple, the address, 13

t he bank address, the conmmand signals, chip select 13:
and the clock, those are outputted fromthe AMB to 13:
t he DDR; correct? 13:
A. On an FB-DI MM vyes. 13:

Q What is your understandi ng of SDRAM? 13:

MR. CHANDLER: Objection. Form 13:

THE W TNESS: My under st andi ng of SDRAM? 13:

BY Ms. ZHONG 13:
Q Yeah. 13:
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A It depends -- it depends on the context. 13:
Cenerally, it refers to any synchronous dynam c 13:
random access nenory, but in sone contexts, it can 13:
be nore specific. 13:

Q So generally, you would not limt it to just 13
the SDR SDRAM is that right? 13:

A Generally, | would not. And particularly 13:
with respect to these patents, | would not. These 13:
patents claim SDRAM and | think if you read themin 13:
|ight of the specification, they clearly intended to 13:
be broader than sinply single data rate. 13:

Q So in the context of '918 and '054, it is 13:
pretty clear to you the SDRAMis not |limted to the 13:
SDR, the first generation SDRAM is that right? 13:

A | think it's clear to ne. 13:

Q Okay. You think that would be clear to a 13:
POSI TA. 13:

A. | do. It is a legal determ nation, but I 13:
think it would be clear to a POSITA in |ight of the 13:
speci ficati on. 13:

Q What is a portion of the DI MM connectors via 13:
whi ch the AMB receives address and control 13:
i nformation? 13:

A. It would receive it fromits primry 13:
sout hbound data |i nes. 13:
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Q And so what is a portion of the DI MM 13:
connectors via which data will be received? 13:
A The sanme. Those |ines perform both 13:
functions on a F -- on a standard FB-DI MM 13:
Q Is that al so sanme for PCl card? 13:

A Oh, there are a bunch of different PCI 13:
standards. Let ne see if | can renmenber. 13:
Q. " mtal ki ng about the one you cited in your 13:
decl aration, which | believe is Exhibit 1031. 13:
A. My recollection is that on PCI commnds have 13:
separate pins and address and data share pins. 13:
Q Ckay. So is it correct then that for the 13:

PCl specification you relied on, with that PCl card, 13:
at | east, the addresses are sent in one cycle and 13:
data are sent in separate cycles over the sanme pins? 13:
A. For -- yes, for PCl revision 2.2, that would 13:

be true. 13:
Q. What is your understanding of voltage 13:

i ndependent FBD design that's referenced in 13:
paragraph 12 of Harris? 13:
A. | think that just neans a fully buffered 13:

DI MM desi gn that generates its supply voltages 13:
on-board froma | arger off-DI MM supply voltage. 14:
Q VWhy is the vol tage i ndependent? 14:

A. Because it doesn't really matter whether the 14:
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i nput voltage is 10 volts or 12 volts or 15; the 14:

regul ators would still produce the proper operating 14:

vol t ages. 14:

Q And is that also -- and take a | ook at 14:

paragraph 19 with the sentence stating "...the 14.

t echnol ogy-i ndependent vol tage distribution scheme 14.
di scl osed herein..."

Take a | ook at that sentence. 14:

A. Yes. 14:

Q What does it nean by 14:

"t echnol ogy-i ndependent " ? 14:

A | think it nmeans that when a new DRAM 14:

technol ogy cones out, as they had historically done 14:

every so many years, and used a different supply 14:

vol tage or a different conbination of supply 14:

vol t ages, they could be plugged into the sane DI MM 14.

sl ots because of this decoupling between the actual 14.

menmory vol tages and the voltage supplied by the 14.

sl ot . 14:

Q. And paragraph 19 also nmentions "elimnation 14:

of system board-specific power supply or regul ator 14:

out put . " 14

Do you see that? 14:

| do. 14:

VWhat is a system board power supply that is 14:
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being elim nated? 14:
A. In this case, it's the supplies such as the 14:
menmory VDD and the nmenory VCC that are specific to a 14:
particul ar generation of nmenory chips. Those can be 14:
supplied on the DI MM rather than being supplied from 14:
t he not her boar d. 14:
Q. Okay. And paragraph 13 nentions the 14.
connect or keyway. What is a connector keyway? 14.
A. It's just a little notch in the connector 14:

t hat shows you that your nenory nodule is sonehow 14:
different from another nmenory nodule, so that you 14:
can't inadvertently plug it into the wong machi ne. 14:
Q So why does it desire to make sure that the 14:
nodified Harris is not interchangeable with a 14:
standard FB- DI Mw? 14:
A. Because a standard FB-DI MM doesn't supply 14.

12 volts and does supply other voltages. He's 14.
changed the definition of certain pins in his 14.
proposal, so he wouldn't want you to plug it into a 14.
not her board that was not aware that the 14:
functionality of certain pins had changed. 14:
Q And what does he nean by the "design 14:
requi renents for bypass/hold-up capacitors may be 14:
rel axed or mnimzed"? 14:
A. Bypass capacitors are capacitors that are 14.
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pl aced very close to a circuit, or in this case a 14:
chip, to provide a reservoir of electrical charge so 14:
that smaller peak currents can be pulled fromthe 14.
ori ginal power supply. |If you don't have that, you 14.
can get voltage dips or other kinds of spikes in the 14:
vol t age. 14.
Q When - -
A The larger the current you're using in a -- 14:
in a transient way, and the |longer the distance 14:
bet ween the power supply and the chip that's 14:
consum ng the current, the greater the need for 14:
bypass capacitors. 14:
So by noving the power supply closer and 14:
havi ng a uni que power supply for each DI MM r at her 14:
than a shared power supply for all the DI MV, he can 14:
reduce the requirenent for bypass capacitors. | 14.
bel i eve hol dup capacitors are essentially the same 14.
t hi ng. 14.
Q. When you say bypass capacitors are 14.
capacitors that are placed very close to in this 14.
case a chip, which chip are you referring to? 14:
A. Probably every chip on the DIMM but nost 14:
inportantly the DRAMs. 14:
Q Okay. So you are referring to the chips on 14:
the DRAM not to the, for exanple, the processes on 14.
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t he not her board? 14:
A. They woul d al so have bypass capacitors, but 14:
their requirenents would not change. It's only the 14:
ones that are being supplied |ocal power in Harris' 14.
sol ution that would have a reduced need for bypass 14.
capacitors. 14.
Q. So on page 9 of Exhibit 1028, there is 14.
listed a number of supply voltages. 14.
Do you see that? 14:

A. | do. Four supply voltages. 14:

Q And for standard FB-DI MM, these are the 14

vol tages that are provided to the DIMM by the host; 14:
is that right? 14.
A For FB-DI MVs conpliant with JEDEC standard 14:
205, the voltages on page 9 are supplied fromthe 14.
host to the DI MM 14:
Q. Okay. And in your conbination of Harris and 14:
FB-DIMM is the conbined system conpliant with the 14.
JEDEC st andar d? 14:
MR. CHANDLER: Object to form 14.

THE W TNESS: No, probably not. 14:

BY Ms. ZHONG 14:
Q So why would they be | ooking to the FB-DIMM 14:
standard if they are not going to create a 14:
JEDEC- conpl i ant nenory nodul e? 14.
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MR. CHANDLER: Object to form 14:

THE W TNESS: One, Harris specifically tells 14

t he reader that he can use a nodification of the FBD 14:
standard as part of his invention. 14:
But further than that, the FBD standard 14:

teaches how to use a buffer, it teaches details 14:
about what kinds of power supplies one m ght need 14
for DRAM chi ps or for buffer chips or for 14.
term nation, so there -- that Harris points to that 14:
standard. Harris nentions it as suitable, and then 14:
there's lots of useful information there to informa 14:
person of ordinary skill who wants to design a DIMM 14
BY Ms. ZHONG 14
Q Woul d the design rules change if you changed 14

the supply voltage for the FB-DI MW 14.
A. By "design rules,” you nmean the thicknesses 14:

and spacing of conductors? 14.
Q. Anmong ot her things, yes. 14.

A "' m not sure what "other things" you nean. 14.

You woul d have to tell ne. 14:
Q The trace placenent, trace routing. 14:

A. Yeah, all of those things could change in 14:
ordinary ways. Every tine you would make changes to 14:
a DOMM there is a possibility that some of those 14:
t hi ngs coul d change and those are ordinary 14.
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engi neering tasks to re-inplenment them 14:

Q Okay. So what are they |ooking for exactly? 14
You said there are a |lot of information in the 14:
FB- DI MM st andard that we'd be | ooking to. What 14.
specifically are they looking for if all those 14.
things are going to change and it's within their 14.
skill set to know how to change then? 14.

A Again, | cite a nunmber of things throughout 14:
my report, throughout ny declaration, so all of 14:
those things are relevant. But in particular, the 14:
specific voltages that one m ght want to use for a 14
menory. 14:

Q Uh- huh.

A. And al so the specific characteristics of an 14:
exenmplary nenory buffer. And the exenplary 14.
characteristics of specific exenplary DRAM chi ps. 14:

So those would be some of the things that 14.
woul d be nost inportant that one might |earn from 14.
t he FB-DI MM standard, including the nunber of 14.
vol tages that are useful to use in a DIVMM 14.

Q What do you nean by "the nunber of 14:
vol t ages" ? 14:

A well, we |ooked, for exanple, at the 14:
specification that showed that there were four 14:
i nportant voltages on an FB-DIMM  So that woul d 14.
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informone that if one were to generate voltages 14:
froma 12-volt supply as suggested by Harris, that 14
one woul d want to generate perhaps 4 voltages. 14.
Q Have you ever seen a host nenory controller 14:
that is configured to provide 12 volts to a DI Mw? 14.
A No. It would be unusual for a host nenory 14.
controller to supply the power to a DIMM  The power 14:
supply generally does that. 14.
Q And have you ever seen a power supply that 14:

is configured to provide 12 volts to a DIMM at the 14:
time of the invention? 14:
A. Qut side of Harris? 14:

Q Correct. 14:

A. | don't recall seeing that outside of 14.
Harris. It doesn't nmean that nobody did, but I 14.
don't recall seeing it. 14:
Q. And at the time of the invention, were you 14.
aware that -- aware of any conmputer power supply 14.
systens that is configured to provide 12 volts to a 14.
DI Mwr? 14:
A. | don't recall being aware of that, again, 14:
other than fromthe Harris reference. 14:
Q So you were -- back in 2007, you were aware 14:

of Harris? 14:
A. No. No. 14:
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Q Back in 2007, were you aware of any 14:
references simlar to Harris -- or systens? 14:
A. There were definitely graphic cards at the 14.
time that used 12-volt power fromthe host to supply 14:
their on-board nenory, their DRAM But that -- 14.
t hose were not main nenory DI Mves. 14.
Q. Okay. Would you call those graphic cards 14.
menmory nodul es? 14.
A. They included nmenory nodul es, so they 14:

i ncl uded both a graphics processor and a graphics 14:
menory. That graphics nenory was accessi ble by the 14
host conputer, and it was powered by a separate 14:
12-volt power supply with a regulator on the board. 14:
Q | asked you, do you consider those graphic 14.
cards nenory nodul es? 14.
A. They were nodul es that contai ned nenory. 14.

But when we use the term "nenory nodul es,” we 14.
typically were referring to main nenory nodules. It 14:
depends on the context. 14.
Q. When you say "main nmenory nodul es,” what do 14:

you nmean? 14
A. Menory nodul es that are designed to connect 14:

to the primary nenory controller for the purpose of 14
hol di ng general purpose code and data in a conputer 14:
system 14:
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Q So, basically, nmenory nodules would refer to 14

t he RAM nodul es; correct? 14:
A. Again, it depends on context. But | think, 14:
nost commonly, they would refer to -- or, you know, 14.
in that tine frame, they would refer typically to 14.
ordinary menory DI MVs. You know, what's on the 14.
graphics card is a RAM nodul e. 14.
Q. VWhat is a "nodul e" versus a "DRAM package"? 14:

A. A nmodule is usually a collection of 14:
conponents. 14
MR. CHANDLER: Objection to form 14:

BY Ms. ZHONG 14:
Q So a nodule usually refers to nore than one 14:
DRAM package? 14:
MR. CHANDLER: Objection. Form 14:

THE W TNESS: Again, so it's an ordinary 14:

word that depends on context. But usually in the 14.
el ectronics field, a nodule is a subassenbly of 14.
conponents. 14:
BY Ms. ZHONG 14:
Q What do you nmean by "conponents"? 14:

MR. CHANDLER: Objection to form 14:

THE W TNESS: Again, it depends on context. 14:

But a conponent in the nobst common usage probably in 14:
el ectronics is -- again, it does depend on context, 14.
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but when we are tal king about circuit boards, a 14:
conponent woul d be a single physical package that 14
got nmounted on the circuit board. 14.
BY Ms. ZHONG 14.
Q Okay. So, basically, a nodule is usually an 14:
assenbly of rmultiple conponents. 14.
MR. CHANDLER: Objection. Form 14.

THE WTNESS: In an electronic circuit board 14:

context, that is the nost comopn way that termis 14:
used. 14:
BY Ms. ZHONG 14.
Q Ckay. And you said that at the tine of the 14:

i nvention, nmenory nodul es are generally understood 14:
to be ones designed to connect to the primary nmenory 14:
controller for the purpose of the hol ding general 14:
pur pose code and data in a conputer system 14.
A. If we were tal king about themin a general 14.

pur pose conputer context, | think that that would be 14:
t he nmost conmmon under st andi ng. 14.
Q. Okay. \What about in the context of '918? 14.
What i s that understandi ng? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: | think the '918 is a little 14:

bit broader, that it tal ks about a nenory nodul e as 14:
ki nd of being a circuit board that connects to a 14.
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host conputer that includes nenory.
BY MS. ZHONG

Q. Where does it say that?

A. In the abstract. Let me see if it says it
anywhere el se.

Q Where in the abstract does it indicate the
use of nmenory nodul e deviates fromthe conmon
under st andi ng?

MR. CHANDLER: Objection. Form

THE WTNESS: Well, it doesn't make any
reference there to being a main nenory, so it
does -- at least in that description, appears to be
alittle bit broader. Also --
BY MS. ZHONG

Q. Well, does it say -- okay, go ahead.

A. There's also -- there are also clainms on a
menmory nodul e that, again, don't talk about its

functionality or what it needs to connect to.

Q. But doesn't that indicate it's just adopting 14:

t he common understandi ng of what a nmenory nodule is 14
So you don't need to add additional description to 14
limt it? 14
A. Well, as | said, that m ght be the nost 14
conmmon, but not the only understanding of a nmenory 14
modul e. Now, there is Figure 12, which shows that 14.
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it plugs into a standard DIMM i nterface, which would 14:
indicate that at |east that enbodi ment is intended 14:
to be DI MM conpati bl e. 14:
Q Okay. 14:

A. Al t hough it does also say in colum 13 that 14:
the DIMM form factor is only illustrative. 14.
Q. Okay. So that could just mean that the 14.
specific DIMM form factors are illustrated; right? 14.
Just like in Harris, it had a different DI MM form 14:
factor? 14:
A Yeah. It doesn't refer to a different DIMM 14:
structure. It just says nenory systens using other 14
formfactors are contenplated as wel |. 14:
Q Okay. And do the clainms say -- to the 14.
extent you are correct that they include non-nenory 14.
nodul e enmbodi nents, do the clainms say that they are 14:
directed to those non-nmenory nodul e enbodi nents? 14.
MR. CHANDLER: Objection. Form 14.

THE WTNESS: | don't think |I ever said that 14:

there -- includes non-menory nodul e enbodi nents. | 14.
t hi nk what | said -- 14:

BY MS. ZHONG

Q Okay.
A. -- is 1 don't think the clains are limted 14:
to main menory. 14:
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Q Is a SIMM a nenory nodul e? 14:

A. | would generally consider a SIMMto be a 14

menory nodul e. 14:

Q. And SI MM does not adopt the non-DI MM form 14.

factor; right?

MR. CHANDLER: Objection to form 14.

MS. ZHONG Let nme just wthdraw. 14.

BY Ms. ZHONG 14:

Q So SIMM S-I-MM does not have the D MM 14

formfactor; correct? 14:

A | think that's correct. 14:

M5. ZHONG. For Janis, S-1-M needs to have 14

two Ms, not a single M 14:
DEPCSI TI ON REPORTER:  Thank you. It was in

my dictionary from sonme ot her case. 14.

BY Ms. ZHONG 14:

Q. Can you take a |l ook at Figure 4 of Harris. 14.

A. Okay. 14.

Q. Does Figure 4 show the power path or voltage 14:

pat h? 14.

A. No. | think Figure 4 is a higher |evel 14:

bl ock di agram 14:

Q What is a "link 411"7? 14:

A. Sorry. One nore tine. 14:

Q What is "link 411"? 14:
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A It's a menmory |ink. 14:

Q And what is your understanding of what a 14
menmory link is? 14.
A I think it's whatever connection is used 14:

bet ween the nmenory controller and the nmenory 14.
nodul es. Harris contenpl ates FB-DI Mvs, but he al so 14.
contenpl ates RDI MMs and UDI MV and ot her ki nds of 14.
t hi ngs. 14.
Q You don't contend that power is provided to 14:

t he menory nodules via the nenory |ink, do you? 14:
MR. CHANDLER: Objection to form 14:

THE WTNESS: No, it is provided al ongsi de 14:

the menory |ink. 14:
BY Ms. ZHONG 14:
Q. What do you nean by "alongside"? Is it 14.
shown anywhere in Figure 4? 14.
A. No. It's shown in Figure 1. 14.

Q. Okay. Figure 1 doesn't really show where 14.

the DI MM connectors are; right? 14.
MR. CHANDLER: Objection. Form 14.

THE W TNESS: Correct. It sinply refers us 14:

to the variety of known standards. 14:
BY Ms. ZHONG 14:
Q Okay. So in Figure 1, there is no expressed 14:

di scl osure that the external voltage is supplied 14:
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t hrough the DI MM connectors; right? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: Well, we already tal ked about 14:

the text that relates to Figure 1 and how it 14.
descri bes substituting the old power pins with new 14.
power pins and how a person of ordinary skill would 14.
understand that those power pins would be on the 14.
same connector. So that's where that disclosure 14:
comes fromin paragraph 12. 14:
BY Ms. ZHONG 14:
Q But Figure 1 itself does not show that the 14:

vol tage had to be supplied through the DI MM 14:
connectors; right? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: |If you read it in the context 14:

of paragraph 12, which refers twice to Figure 1A, 14:
then that's clear that that's what happens. 14.
BY Ms. ZHONG 14:
Q. And Figure 3 does not show where the power 14.
supply conmes from correct? 14
MR. CHANDLER: Objection to form 14:

THE W TNESS: Figure 3 is a block diagram 14:

and it does not show the power supplies. 14:
BY Ms. ZHONG 14:
Q Okay. And nenory controllers are usually 14.
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understood as not a voltage source for DI MVs; right? 14:
A. Correct. Usually the nmenory controller does 14:

not supply the voltage for DIMM The not herboard 14.
supplies the voltage for DI MM al ongsi de the nmenory 14.
control |l er signals. 14.
Q. Are you aware of any nenory controllers that 14:
actually supply voltages to nenory nodul es? 14.
A You nmean supplied power supply voltages? 14.

Q Correct. 14.

A No, |'m not. 14:

MS. ZHONG Why don't we take a 10-m nute 14

br eak. 14:
MR. CHANDLER: Ckay. 14:
DEPOSI TI ON REPORTER: We're off the record. 14:

(OFf the record.) 14.

BY Ms. ZHONG 14:
Q For DDR2, is VDD, VDDL and VDDQ at the sane 14:

vol tage | evel ? 14.
A Sorry. WAs the question are they at the 14.
sane vol tage |evel ? 14.
Q Correct. 14.

A. Nom nal ly, vyes. 14:

Q What is VDDL supplied for? 14:

A. It's the power voltage for the delay watt 14:

| oop. 14:
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Q Does a separate regul ator have to be

provi ded for VDD, VDDL and VDDQ?

A Section 2.31 of the specification gives you 14:

the option of either running themfroma single 14:
power output or sequencing themfromnultiple power 14.
out put s. 14:
Q So how can this be achieved in standard 14:

FB- DI Mv? 14:
A How can what be achi eved? 14:

Q Let me put it this way. You said it gives 14:

you the option of providing froma single power or 14:
separate power. 14:
How can this be achieved in the standard 14:

FB- DI Mw? 14.
A In a standard FB-DI MM? You coul d have a 14:
circuit that woul d sequence and separate the power, 14.
but you don't need one in a standard FB-DI MM but 14.
you can have one. 14:
Q. How do you sequence the power if it's all 14.
com ng fromthe same power supply? 14.
A. You woul d need a circuit that connects the 14:
power supply to these three different destinations 14:
t hrough swi tches. 14:
Q Does FB-DI MM descri be such a circuit? 14:

A | don't think it -- it's silent on it. 14:
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mean, it certainly refers you to the DDR2 14:
speci fication where you woul d understand that that 14
was one of two options, but that's -- that's up to 14:
t he DI MM desi gner. 14:
Q As far as you know for the FB-DI MM designs, 14:

whi ch option did the designers choose? 14.
A The unnodified FB-DI MV that |'m aware of 14:
connect VDD, VDDL and VDDQ to a single power 14.
converter output. 14
Q Ckay. So you're not aware of any FB- DI Mvs 14
avail able at the tinme of the invention that actually 14:
tie VDD, VDDL and VDDQ to three different power 14:
rails; is that right? 14:
MR. CHANDLER: Object to form 14:

THE WTNESS: [|'m not aware of any on the 14:

mar ket. Obviously, the teaching is right here in 14:
t he JEDEC specification. 14.
BY Ms. ZHONG 14:
Q. And t hose designers who design the 14.
comercially available FB-DIMM they're PQOSI TAs; 14.
right? 14:
MR. CHANDLER: Objection. Form | didn't 14:

hear the end of the question. 14:
M5. ZHONG. Let ne see what it is in the 14:
transcript. 14:
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BY Ms. ZHONG 14:
Q And those designers who designed the 14
comrercially available FB-DIMM at the tinme, they 14:
woul d be POSI TAs; correct? 14:
A. Presumably, they would have at | east 14.
ordinary skill in the art at the tine. 14.
Q. But as far as you know, the products 14.
designed by themall tied VDD, VDDL and a VDDQ to a 14.
single voltage supply rail; correct? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: No. | think it would be a 14:

stretch to say that's true of all the products 14:
they' ve designed. It is true of JESD 205-conpli ant 14:
FB-DI MM that |I'm aware of on the market. 14:
BY Ms. ZHONG 14:
Q. Okay. Are you aware of any JESD 205 14.
non-conpl i ant FB- DI MVs? 14.
A "' m not even sure what that would nean. But 14:
|'"'mcertainly aware of DDR2 DI MV that are not 14.
conpliant with the JESD 205 standard. Ckay. 14.
Q Well, so in the DIMVs you have designed or 14:

you are aware of -- let nme w thdraw 14:
In the DDR2 DI MM that you' re aware of, were 14:

there any that [audio distortion] -- 14:
(Clarification requested by Reporter.) 14:
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BY Ms. ZHONG 14:
Q In the DDR2 DI MM that you are aware of at 14

the time of the invention, were there any that 14:
applied a single power supply -- let nme wthdraw 14.
t hat and ask. 14:
In the DDR2 DI MMs that you are aware of at 14.

the time of the invention, were there any that 14.
applied separate power supply rails to VDD, VDDL and 14:
VDDQ? 14:
MR. CHANDLER: Objection. Form 14:

THE WTNESS: O the commercial DI MV that 14:
|'maware of at the time, | don't recall. 14:
BY Ms. ZHONG 14:
Q Okay. So for the commercially avail abl e 14:
FB-DI MV you are aware of at the tine of the 14.
invention, did they apply separate voltage rails for 14:
VCC and the VCC FBD? 14:
A. | must have m sunderstood the question. Can 14

| hear it again? 14
Q. So for the commercially avail able FB-DI MV, 14
were you aware of any that applied separate voltage 14
supply rails for VCC and a VCC FBD? 14:
A. ' m not aware one way or the other. 14:

Q Did you investigate that at all? 14:

MR. CHANDLER: Objection. Form 14:
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THE W TNESS: As to whether or not actual 14:

nodul es at the time did it? No. 14:
BY Ms. ZHONG 14:
Q. But there are registered DIMVs; correct, at 14:

the tinme? 14:
A. Yes. Yes. 14:

Q. Do registered DI MVs have -- let me wthdraw 14:

So the registered DIMVs will have a buffer 14.

call ed RCD that buffers the control and command 14:
signals; correct many? 14:
A Some do. There were -- 14:

MR. CHANDLER: (Object to form 14:

THE WTNESS: -- there were a variety of 14:

regi stered DI MM speci fications. 14.
BY Ms. ZHONG 15:
Q. So for the registered -- let me wthdraw and 15:
ask. 15:
Do all the registered DMV you are aware of 15:

have buffers? 15:
A. Yes. 15:

Q And at the tinme of the invention, what -- do 15:

t hose buffers have both VCC and the VCC DI M5 as 15:
wel | ? 15:
MR. CHANDLER: Obj ecti on. 15:

M5. ZHONG So let nme just wthdraw and ask 15:
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this question. 15:
BY Ms. ZHONG 15:
Q. VCC is the voltage supply for the core of 15:

the buffer; correct? 15:
A. It depends what your context is and what 15:
docunents you are looking at. In the context of the 15:
JEDEC st andard 82-20, VCC is the buffer core. But 15:
VCC i s used nmany other places in nmany ot her 15:
docunents to nean many other different things. 15:
Q Ckay. So for a buffer on a register DIMWM 15:
does it need both a supply voltage for the core as 15:
well as a supply voltage for the I/Ointerface with 15:
a nmenory nodul e? 15:
A | don't recall in general. There are 15:
various different designs and we'd have to | ook at a 15:
particul ar specification. 15:
Q And for those with -- for those buffers that 15:
have the sanme voltage level for the I/O interface 15:
and the core, are you aware of any DI MVs that use 15:
the different voltage regulators to generate those 15:
vol tage supplies? 15:
A. | don't know one way or the other. 15:
DEPOSI TI ON REPORTER: Excuse ne. \What did 15:

you say, M. Chandler? 15:
MR. CHANDLER: | coughed. | coughed, 15:
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therefore, | am

BY M5. ZHONG:

Q There is only a single pin for VDDSPD on the 15:
FB- DI MVs; correct? 15:
A. On a JEDEC standard 205-conpliant FB-DI MM 15:
that is true. 15:
Q. Does that usually indicate that the 15:
requi rement for the conponent connected to VDDSPD 15:
doesn't really have a very high power demand? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: It would indicate a noderate 15:

power demand in bot h. 15:
BY Ms. ZHONG 15:
Q Okay. And you said though you don't know 15:
what kind of regulator is usually used to provide 15:
VDDSPD; correct? 15:
A. | think it varies fromsystemto system 15:
And, certainly, on many standard-conpliant systens, 15:
it would be the main power supply of the system 15:
whi ch woul d be a switching supply based on a buck 15:
converter. 15:
Q Have you ever designed a voltage regul ator 15:

for VDDSPD for menory systens? 15:
A. | have never designed one, but | have seen 15:

the schematics of conputers that have them 15:
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Q And where is that cited in your declaration? 15:

A. It's not because | don't think any of the 15:
theories in ny declaration are based on an 15:
unmodi fi ed FB-DI MM desi gn. 15:
Q Okay. So you say you don't think that the 15:
type of voltage regulators used for the standard 15:
FB- DI MM desi gn are relevant to your analysis? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: No, | didn't say that. But 15:

what | did say is that a person of ordinary skill 15:
woul d choose the regulator for SPD power based on 15:
the sane criteria one always uses to choose a 15:
regul ator, the amount of voltage, the amount of 15:
current, size, cost, heat generation and ot her 15:
simlar factors. 15:
BY Ms. ZHONG 15:
Q. Okay. And you did not specify the anount of 15:
current for the SPD in the FB-DIMVM correct? 15:
A That's correct. It would be the ordinary 15:
anmpunt of current. It would vary sonewhat from 15:
systemto system 15:
Q Ckay. And you said you don't even know what 15:

is the range for that ordinary amount of current; 15:
correct? 15:
A Not precisely. 15:
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Q Okay. Do you know what the range would be? 15

A. If by "range," you mean an upper bound and a 15:

| ower bound, | cannot give you those. 15:
Q. And your decl aration did not provide any 15:
specific size for the SPD; correct? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: The size of the SPD itsel f? 15:

No. It would be a standard size. 15:
BY Ms. ZHONG 15:
Q And your declaration did not provide the 15:
cost of SPD;, correct? 15:
A. Correct. SPDs' cost's going to change from 15
year to year, and it is whatever it is. It's 15:
present on all the DIMWs that have been di scussed. 15:
Q. And you did not provide any analysis on the 15:
cost of buck converters versus LDOs that can be used 15:
to generate the needed voltage rail; correct? 15:
MR. CHANDLER: Object to form 15:

THE W TNESS: Not a specific conparison, 15:

other than to say that both are avail able at very 15:
| ow cost today and both would be feasible to provide 15:
SPD power, and that the trend over the years has 15:
been to nove all conputer power supplies to buck 15:
converters. 15:
Il 15:
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BY Ms. ZHONG 15:
Q Okay. And you did not provide any analysis 15:

as to the anount of heat that's going to be 15:
generated for the operation of the SPD and the |2C 15:
interface of the AMB buffer; correct? 15:
MR. CHANDLER: Objection to form 15:

THE WTNESS: | did not quantify that. 15:

BY Ms. ZHONG 15:
Q Ckay. And you did not | ook at what a POSI TA 15:
actually did at the time of invention for the type 15
of regulators they actually used in connection with 15
FB- DIl MM of FBDSPD power supply rail; correct? 15
A. That was not a primary factor in ny 15
analysis. | |ooked at what was known and what was 15
obvi ous. 15:
Q Okay. You are famliar with PCl cards; 15:
correct? 15:
A. In general, yes. Not every card, but yes. 15

Q. Okay. There are no VIT pins for PCl cards; 15:
correct? 15:
A. There's no pin with that nane, that's 15:
correct. 15:
Q Is there a pin that would supply -- that 15
woul d function the sanme? 15
A. There are power pins that can be used to 15
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term nate signals, but there's no dedicated VIT pin, 15
no. 15
Q. Can you tell me which pins can be used to 15
term nate the signals? 15
A. Any of the power supply pins, the 5 volt or 15

3.3 volt can be used to term nate a signal together 15
with ground. 15:
Q. Wuld a PCl card work if you term nated 15:
signal s? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: It depends which signals. 15:

BY Ms. ZHONG 15:
Q Dat a address command si gnal s? 15:

MR. CHANDLER: Objection. Form 15:

THE WTNESS: It depends on whether those 15:

data address and conmand signals are the ones that 15:
travel over the PCl bus or whether or not they're 15:
ones that operate on the card itself. 15:
BY Ms. ZHONG 15:
Q. So do PCl cards receive address signal s? 15:

A. PCl cards receive address information, but 15:
there are no separate address signals. 15:
Q Ckay. So do PClI cards receive control 15:

i nformati on? 15:
A They do. 15:
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Q Do PCl receive data signals? 15:

A. They do. They share pins with address 15:
signals, but they do. 15:
Q. Okay. And so for those signals that's 15:
received fromthe PCl connector pins, do they need 15:
to be term nated? 15:
A Again, there are a lot of varieties of PCl, 15:

but my recollection is that PCl version 2.2 bus pins 15:
do not need to be term nated, at |east not on the 15:
card. 15:
Q Is it the case the PCI bus signaling 15:
protocol requirenents depends on initial signal 15:
reflection? 15:
A | don't recall. 15:

Q. Can you take a | ook at page 139 of 15:
Exhi bit 1031, the | ast paragraph on the page. 15:
A. Okay. 15:

Q. Does this paragraph indicate to you one way 15:

or the other whether a VIT would be desirable on the 15:
PCl conponent ? 15:
A. No. Because VIT need not be used in PCl 15:
signaling. It may be used el sewhere on the card. 15:
Q And where else on the card would it be used? 15:

A. It m ght be used, for exanple, to 15:
conmuni cate to a nmenory chip on the card. But 15:
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that's not directly connected to the PCl bus. 15:
Q Okay. So, for exanple, in Spiers' PCl card, 15:

are you saying that a VIT woul d be desirabl e between 15:
t he processor and the DRAM? 15:
A In certain enbodinents, it woul d. 15:

Q I n which enbodi mrents would it be desirable? 15:

A. Ones that use DDR2 or DDR3 nenory. 15:

Q. Regardl ess of the distance between the 15:
processor and the DRAMs? 15:
A. Yes. | believe that those particul ar 15:
protocols expect term nation for at |east sone pins. 15:
Q Okay. Do VIT need it for the flash? 15:

MR. CHANDLER: Objection to form 15:

THE WTNESS: | don't know. There are 15:

various flash protocols, and I think it would be 15:
specific to the protocol. 15:
BY Ms. ZHONG 15:
Q. Your decl aration does not rely on a VIT for 15:
term nating the signals between the processor and 15:
the flash. |Is that fair? 15:
A. That's fair. 15:

Q Ckay. |If Spiers does not use DDR2 or DDR3, 15:
woul d a POSI TA still use VTT? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: Not necessarily. 15:
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BY Ms. ZHONG 15:
Q What do you nean by "not necessarily"? 15:
A. It woul d depend on what they use instead. 15:

Q Okay.
A The four enbodinents that | relied on all 15:
use either DDR2 or DDR3. 15:
Q. Okay. So if they used SDR DRAM then | 15:
understand you said that you are not aware of VIT 15:
bei ng used in connection with SDR SDRAM correct? 15:
A. Correct. |I'mnot aware of a separate FTT 15:
vol tage supply being used with single data rate 15:
DRAM 15:
Q What about if they used DDR1 DRAM would a 15:
VTT be used in that situation? 15:
A | believe so. 15:
Q. Is it because JEDEC standard for the DDR1l 15:
requi red the usage of VITT? 15:
A. It does in the system | don't recall off 15:
the top of ny head whether or not it has to go on 15:
both ends. Yes, | believe so. | believe that there 15:
is a VIT that is supplied to the system 15:
Q What woul d be the term nation voltage for 15:
the VIT -- let me wthdraw and ask. 15:
In Spiers, there are two voltages nentioned 15:
specifically; correct? 15:
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MR. CHANDLER: Objection. Form 15:

THE WTNESS: In the Spiers reference? 15:

BY Ms. ZHONG 15:
Q Correct. 15:

A. There are nore than two voltages that are 15:

di scussed. 15:
Q. Can you point ne to those voltages? 15:

A For exanple, in Figure 5, there's a 15:

di scussi on -- 15:
Q Sorry. Can you just give ne a second? 15:
Sorry for that. 15:

A For exanple, in Figure 5, there's nmention of 15:

5 volts, 3.3 volts and 1.8 volts. 15:
Q Okay. But the 5 volts and the 3.3 volts can 15:
both be supplied fromthe PClI connectors; correct? 15:
A. Maybe they can, but there's also a regulator 15:

t hat supplies the 3.3 volts onboard. 15:
Q. And that regulator is used when the PCI 15:
supply voltage is not available fromthe power rail; 15:
correct? 15:
MR. CHANDLER: Object to form 15:

THE WTNESS: Yes, | think that's where it's 15:

intended to be used, or at l|least that's where it's 15:
clearly disclosed as being used. It doesn't say 15:
that that's the only time it's used, but that's 15:
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where it's clearly disclosed as being used. 15:

BY M5. ZHONG:

Q. Okay. And when the voltage is not avail able 15:
fromthe connectors -- let ne wthdraw and ask. 15:
So, for exanple, if the 5V supply voltage is 15:

not available fromthe PCl connector, that supply 15:
voltage is not coupled to the 5V to 3.3V regul at or; 15:
is that right? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: | don't recall saying that 15:

it's not. 15:
BY Ms. ZHONG 15:
Q So if the 5V input voltage fromthe 15:
connector is not available, that voltage is still 15:
coupled to the regul ator 1847 15
A No, if it's not available, then it's not -- 15:
wel |, what do you nean by "coupled"? No, if it's 15:
not available, it's not being used by regulator 184. 15:
During a power-down situation, regulator 184 is 15:
powered by the battery -- by the super caps. 15:

15:

(Clarification requested by Reporter.)

THE W TNESS:

super man, but

capacitors,

That is super caps, |ike 15:

15:

MR. CHANDLER: But to be clear, you nean 15:
- 15:
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THE W TNESS: They are capacitors. They are 15:

| abel ed "super cap," but they are capacitors. 15:
BY Ms. ZHONG 15:
Q So the regulator 184 draws its power from 15:

t he super capacitors 176; is that right? 15:
A We're explicitly told that is true in a 15:
backup situation. 15:
Q. Does it show that the regulator is connected 15:
directly to the 5V or 3.3V power supply fromthe 15:
connect ors? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: |[It's not part of the 15:
illustration, no. 15:
BY Ms. ZHONG 15:
Q. Okay. So if you're a designer and the 3.3V 15:
supply is available fromthe connector, would you 15:
still be using the regulator 184 during normal 15:
operation? That is when the supply voltage through 15:
t he connector is avail abl e? 15:
A. | think it's a design choice. You have to 15:

put a voltage switch in somewhere, and it would be 15:
perfectly reasonable to put it either on the 5 volt 15:
line or on the 3.3 volt line. 15:
Q Based on Spiers' description, where would 15:

you put it as a designer? 15:
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A | don't think he gives us a preference one 15:

way or the other. He's not very concerned about 15:
where you get nornmal power because it's nornmal. 15:
He's much nore concerned about how you get backup 15:
power . 15:
Q. And he certainly does not say that you draw 15:

the power fromthe 184 regul ator during normal 15:
operation; right? There is no reference to that at 15:
all? 15:
A. That's not -- that's not explicit. 15:

Q And as a designer, when would you use 15:

the 3.3 volt supply voltage that's provided 15:
directly fromthe connector, and when would you 15:
use a 3.3 volt comng fromthe regul ator 1847 15:
A Again, you don't need to use the 3.3 volt 15:
fromthe bus ever. You can use the 5 volt fromthe 15:
bus and regulate that down to 3.3 in there, but you 15:
al so could use the 3.3 volt fromthe PCl bus when 15:
t he power supply is good, and use the 3.3 volts from 15:
184 when the power supply fails. 15:
The indication here is that you're al ways 15:

usi ng 184 because what's being nonitored is the 15:
5 volt supply, not the 3.3 volt supply, and the 15:
5 volt supply feeds into 184. It would not be a 15:
great idea torely on the 3.3 volts fromthe bus and 15:
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not nmonitor it. 15:
Q Now, aside fromthe 1.8 volt at PGA core and 15:

the 3.3-volt output fromthe regulator, does it 15:
mention any other voltage supply for the conmponents 15:
on the PCI board? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: Spiers alone doesn't, but it 15:

does tell you that it uses industry standard RAM and 15:
i ndustry standard flash, so a person of ordinary 15:
skill would I ook to what industry standard RAM and 15:
i ndustry standard flash required in ternms of 15:
vol t ages. 15:
BY Ms. ZHONG 15:
Q Okay. So for exanple, if the industry 15:
standard SDRAM i s the SDR SDRAM then you only 15:
needed the 3.3 volt to power it; correct? 15:
A. Yes. But, of course, by the tinme of the 15:

i nvention, SDRAM was quite old and pretty 15:
depr ecat ed. 15:
Q. Why woul d you use faster DDR2 DRAMs on 15:
Spiers PCl card? 15:
A There are a nunber of reasons. ©One is that 15:

by the tinme of the invention, PCl, especially in the 15:
64-bit version that is described in Spiers, had been 15:
extended up to 1,066 negahertz, so you may need it 15:
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just for the speed. 15:
But, nore inportantly, DDR2 was avail able at 15:

hi gher densities. Over tine, it had a | ower cost 15:
per bit than older nenories. |t used | ess power per 15:
transaction than ol der nmenories, and because by 15:
2007, DDR2 and DDR3 were the mainstream nenories, 15:
they were much easier to obtain frommnultiple 15:
suppliers and across the supply chain, including 15:
spot markets because they had becone the norm 15:
So all those reasons, including the inmproved 15:

density, the fact that you could get nuch nore 15:
storage in a DDR2 or DDR3 than you could in an SDR 15:
woul d all notivate you to use the newer nmenory. And 15:
in fact, if we |look across the industry, newer DRAM 15:
designs are al nost ubiquitously used for new 15:
products. 15:
Q. Okay. The PClI standard that you are relying 15:

on is 33 nmegahertz or 66 negahertz; correct? 15:
MR. CHANDLER: Object to form 15:

THE W TNESS: The exenplary one. But 15:
certainly at the tinme, that was not the only PCl 15:
standard that was out there. 15:
BY Ms. ZHONG 15:
Q And you did not anal yze whether the 15:
[imtations were met for those |later PCI standards; 15:
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correct? 15:
A. Well, the difference is speed. Speed wasn't 15:

a part of the analysis, so there are many reasons to 15:
updat e your DRAM t echnol ogy i ndependently of speed. 15:
Q Do you know whet her those |ater PClI cards 15:
even have the 5 volt supply rail? 15:
A | don't recall for certain. 15:

Q. Okay. \When did DDR2 becone popul ar or 15:

w del y avail abl e? 15:
A. Those are pretty subjective ternms, but ny 15:
recollection is starting sonmewhere around 2006. 15:
Q Okay. And the Spiers was filed in 2004, 15:
right? 15:
A. It was. But | evaluated it fromthe 15:
perspective of a person of ordinary skill at the 15:
time of the invention of the '918 and ' 054 patent. 15:
Q But even the standard for the DDR2 was not 15:
adopted until 2005; correct? 15:
MR. CHANDLER: Objection to form 15:

THE WTNESS: |Is that true? Let ne... 15:

BY Ms. ZHONG 15:
Q Why don't you take a |look at Exhibit 1026. 15:

A. It's true for 2B. |I'mtrying to renmenber 15:
what 2A was. | believe 2A was al so a DDR2 15:
specification. It was. It was adopted in -- it was 15:
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publ i shed in January 2004. 15:
Q Isn't 2A DDR? 15:
A It mght be. Let nme see. No, | think 15:
JESD 79 is -- yeah, JESD 79 is DDR. | believe 2A 15:
was an earlier draft of DDR2. | don't have it in 15:
front of ne. 15:
Q What's the difference between 2A and 2B? 15:
A If you |l ook at Exhibit 1026, starting at 15:
page 102, all the differences are docunented. They 15:
are quite mnor. |I'msorry. That's the m ddle of 15:
it. It starts on page 92. 15:
Q Spi ers does not describe additional 15:
regul ators to generate additional power rails; 15:
correct? 15:
A. "' m not sure what you nmean by that. It does 15:
generate -- it describes a 3.3 volt regulator and a 15:
1.8 volt regulator to generate two different power 15:
rails. 15:

Q. Okay. And the 1.8 volt regulator is for the 15:

FPGA core; right? 15:
A. In a particular enbodinent it is. 15:

Q Ckay. And a POSI TA would al so use the 1.8 15
volts to supply the VDD, VDDQ and VDDL required for 15
DDR2 as well; right? 15:
MR. CHANDLER: Objection. Form 15:
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THE W TNESS: They could. | nean, again, we 15:

tal ked about this before. It's really a sinple 15:
desi gn decision as to whether or not one uses one 15:
regul ator or two regul ators when one has two 15:
different systens that require the sane voltage. 15:
BY Ms. ZHONG 15:
Q. And so it certainly doesn't suggest having a 15
different regulator to -- let nme put it this way. 15
Spiers certainly did not suggest using a 15

separate regulator for generating a voltage of the 15:
same level; is that correct? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: | don't think it explicitly 15:

does. But, again, that would be an ordinary 15:
engi neering design decision, as | nmentioned before. 15:
Spi ers generates the voltages that it needs 15:

for the particular menory technol ogy that the 15:
desi gner uses, so it would be obvious to generate as 15:
many vol tages as your particular nmenory and 15:
controll er chips need. 15:
BY Ms. ZHONG 15:
Q Ckay. Spiers includes a diode before the 15:

5 volt to 3.3 volt regulator; correct? 15:
A In one enbodi ment, yes. 15:

Q And in the Figure 5 enmbodinent, it relied 15:
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on; correct? 15:
A That is in the Figure 5 enbodi nent. 15:

Q. Okay. \What is the diode used for? 15:

A. To switch the source of voltage. Again, 15:
that's consistent with the idea that 184 receives 15:
the 5 volts all the time, and if the super cap 15:
voltage were to be higher than the 5 volt system 15:
vol tage, then that diode would switch on and current 15:
woul d fl ow out of the super cap into regul ator 184. 15:
Q Woul dn't that al so be consistent of only 15:
suppl ying the voltage fromthe super cap when the 15:
5 volt is not avail abl e? 15:
A How woul d you tell the diode when to switch 15:

on if it didn't have another 5 volt supply to 15:
conpare to? Diodes switch on when one side of the 15:
voltage is higher than the other. So if there were 15:
not an alternative supply of 5 volts to run 184, 15:
it's not clear how you would turn the di ode on. 15:
Q. So are you saying that it was -- the 15:
inclusion of a diode, it necessarily neans that the 15:
5 volt regulator -- the 5 volts to 3.3 volt 15:
regul ator is connected to the 5V PCl connectors 15:
directly? 15:
MR. CHANDLER: Object to form 15:

THE WTNESS: | don't know that it's 15:
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necessarily true, but it's certainly a configuration 15:
that I'mfamliar with and that's conmmonly used. 15:
BY Ms. ZHONG 15:
Q. So how in that case would the di ode operate? 15:

A. The line that you see between 180 and 184 15:
woul d be connected to the PClI 5 volts. Depending on 15:
the chem cal conposition of the diode, there is a 15:
t hreshol d bel ow which 5 volts could drop, at which 15:
poi nt the diode would turn on. That threshold would 15:
be somewhere between .2 and .7 volts, depending on 15:
the chem cal conposition of the diode. 15:
So typically, if the PCI 5 volts dropped 15:

maybe to 4.3 or 4.4 volts, at that point, the diode 15:
woul d allow current to flow fromthe super cap and 15:
continue to power the 3.3 volt regul ator. 15:
Q ' m asking you, say, if the regulator is not 15:
connected to the 5 volt PClI connector, how would it 15:
oper at e? 15:
A There woul d have to be sone other switch 15:
sonewhere and sone ot her bias voltage provided to 15:
regul ator 184, or perhaps an enabl ed signal on the 15:
regul ator. 15:
Q Wy is 184 dropped from5 volts to 3.3 volts 15:

in particular? 15:
A. | believe it's because 5 volts is supplied 15:
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on the PCl bus, which is used to power 184 and al so 15:
to charge the super caps. Often super caps have a 15:
5.5 volt Iimt so that would be a good voltage to 15:
use to charge the super cap, and that's why the 5 15:
volts is there and the 3.3 volts is there because 15:
ot her chips on that board require 3.3 volts. It's 15:
arbitrary on the selection of chips that are in a 15:
particul ar embodi nent. 15:
Q Why isn't there any reference of a 5 volt to 15:

1.8 volt regulator? 15:
MR. CHANDLER: Object to form 15:

THE WTNESS: Well, there is a 1.8 volt 15:
regulator. | don't think it's really inportant as 15:
to whether or not it starts with 5 volts or 3.3, so 15:
maybe that's why it's just not discussed. 15:
VWhat's the -- let nme | ook at the part nunber 15:

t here. 15:
BY Ms. ZHONG 15:
Q. What do you nean? MWhat is a particular part 15:
nunber there? 15:
A. I meant 206. It just says that it's the 15:
regul ator that is used to provide power to the FPGA 15:
core. Again, it's ordinary. 15:
Q Do you need additional regulators if you are 15:

usi ng SDRAMs -- SDR SDRAMs? 15:
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MR. CHANDLER: Objection. Form 15:

THE WTNESS: |f you were using SDR SDRAMs, 15:

then you could power themfrom 3.3 volts. You would 15:
have to |l ook at all the other chips on the board. 15:
Again, just |ike any design, the person of ordinary 15:
skill would know that they have to provi de whatever 15:
vol tages the chips require. 15:
BY Ms. ZHONG 15:
Q Ckay. So if you are using SDR SDRAMs, then 15:

1.8 volts and 3.3 volts should be sufficient to 15:
power the NAND, the SDRAM and the processor; right? 15:
A. It depends on your choice of NAND and your 15:
choi ce of ADC and your choice of EEPROM  You know, 15:
it is just a standard design problem You just |ook 15:
at all the chips on your board and you figure out 15:
what vol tages they need, and you provide the power 15:
supplies for those voltages. 15:
Q. VWhat is the voltage supply for the NAND that 15:

you relied on in your declaration? 15:
A. | did not rely on it because | relied on 15:
DDR2 and DDR3 enbodi nents. Oh, no, I'msorry, in 15:
some -- in one of nmy mappings, | used 3.3 volts for 15:
t he nonvol atile nenory. 15:
Q Okay. Wy don't you | ook at page 300, the 15:
decl aration for Spiers. 15:
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MR. CHANDLER: [|'m sorry. \hat exhibit? 15:

MS. ZHONG  Exhi bit 1003. 15:

MR. CHANDLER: For the '918. 15:

BY Ms. ZHONG 15:

Q Isn"t it the case that for each of your 15:

mappi ng, you relied on a 3.3 volt supply voltage to 15:

the NV nenory? 15:

A Yes, but for two of the nmappings, it's 15:

redundant because it's also required for the FPGA 15:

1/ O. 15:

Q And isn't the reason that it is required 15:

for the FPGA I/ O is because the voltage for the NV 15:

menmory is 3.3 volts? 15:

A. No. It's also so that they can talk on the 15:

PCl bus. 15:

Q. So if you used DDR2 or DDR3, you would need 15:

nore than two voltages for this PCl board; correct? 15:

A. You woul d need nore than two power supplies. 15:

I n voltage mappings, there is only two different 15:

vol t ages, but [audio distortion] --

DEPOSI TI ON REPORTER: Excuse ne. | need

t hat answer. There was a feedback. 15:

(Clarification requested by Reporter.) 15:

THE W TNESS: You woul d need nore than two 15:

power supplies for ny first and second mappi ng, but 15:
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for the third mappi ng, you would only need two 15:
different voltages, but it would be obvious to use 15:
four power supplies. 15:
BY Ms. ZHONG 15:
Q Okay. What |I'msaying is that if you use 15:

SDR SDRAM all you need are two voltage |evels; 15:
correct? 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: That woul d depend on the other 15:

chi ps you select for the board. 15:
BY Ms. ZHONG 15:
Q Based on your assunption, using the same 15:
assunption you applied here. 15:
MR. CHANDLER: Objection. Form 15:

THE W TNESS: Yeah. | haven't made any 15:
assunpti ons about SDR, but hypothetically, one could 15:
have an SDR-based design that only required two 15:
different voltage |evels. 15:
BY Ms. ZHONG 15:
Q. The SDR supplied 3.3 volts and the NV nenory 15:

is also 3.3 volts; correct? 15:
A That ki nd of enbodi nent could exist. 15:

Q Ckay. And that's your -- actually, your 15:
assunption is the NV nenory woul d be operating on 15:
3.3 volts, the FPGA 1/O woul d be operating on 3.3 15:
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volts, the FPGA core would be operating at 1.8 15:
volts; correct? 15:
A In the particul ar enmbodi nents that | 15:

di scussed in ny declaration, that's true. There 15:
woul d be ot her enbodi nents where some of those 15:
conponents could use different voltages. 15:
Q. Okay. And for SDR DRAMs, you al so don't 15:
need a VIT; right? 15:
A You do not need a VIT for an SDR DRAM 15:

Q Ckay. So the usage of SDR DRAM woul d be 15:
consi stent with what is shown in Figure 5; correct? 15:
A You coul d have an enbodi ment that used SDR  15:
DRAM t hat was consistent with Figure 5, but that's 15:
not the only enbodi nent that a person of ordinary 15:
skill would understand from reading the Spiers 15:
reference. 15:
Q. Okay. The only enbodiment -- let ne 15:

wi t hdraw and ask this question. 15:
If you used DDR2 and DDR3, you will 15:
definitely need a voltage supply other than 1.8 15:
volts and 3.3 volts, fair, according to you? 15:
A. No. It's actually possible to do DDR2 with 15:

1.8 volts and 3.3 volts, but you would preferably 15:
have mul tiple supplies. 15:
Q So if you used DDR2, you don't need a VIT; 15:
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right? 15
A Well, actually, | do believe -- | think you 15:
need VTT. 15
Q. Okay. So you need at |east three voltage 15

| evel s for DDR2? 15
A For a conplete system yes. | haven't 15

| ooked at themall in my analysis, but you woul d 15
need a VIT voltage. 15:
Q Ckay. That is what |'msaying. |If you use 15:
DDR2, then you would need nore than a 1.8-volt and a 15:
3.3 volt that is illustrated expressly in Figure 5; 15:
correct? 15:
A. Correct. 15:

Q The sanme with DDR3; correct? 15:

A For DDR3, you would need 1.5 and also 0.75. 15:

Q. Okay. And Spiers only expressly nentioned 15:

3.3 volt and a 1.8-volt as the output of the 15:
regul ators; right? 15:
MR. CHANDLER: Objection. Form 15:

THE WTNESS: In an exenpl ary enbodi nent, 15:

t hose are the nunbers that he uses. 15:
BY Ms. ZHONG 15:
Q Okay. And that's the only exenpl ary 15:
enbodi ment that's provided in Spiers; right? 15:
Fi gure 5? 15:
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MR. CHANDLER: Objection. Form 15:

THE W TNESS: Those are the only exenpl ary 15:

vol tages. But, again, a person of ordinary skill 15:
woul d understand that there is nothing in Spiers 15:
that limts anyone in any way to those particul ar 15:
vol t ages and would be notivated to use a 15:
cont enpor aneous SDRAM t echnol ogy. 15:
BY Ms. ZHONG 15:
Q Have you ever designed write-back caches? 15:

A Yes. 15:

Q What are write-back caches? 15:

A. VWhere are they? 15:

Q VWhat are they? 15:

A Oh, what are they? 15:

Q Uh- huh. 15:

A. A cache is a nmenory that's used for 15:
tenporary storage. A wite-back cache is a cache 15:
t hat when data is witten to it, it doesn't 15:
i medi ately wite it back to the main nmenory, but 15:
can defer the wite-back of data to nmain nenory 15:
until the space in the cache is needed for sonething 15:
el se. 15:
Wite-back caches are used in 15:

m croprocessors, but they are also used in 15:
ot her portions of a conputer system as well. 15:
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Q How does Spiers' wite-back cache operate? 15

A. Spiers uses his volatile nenory as a type of 15

a wite-back cache, not what we would normally call 15
a wite-back cache, but sonething quite simlar. 15:
What Spiers does is he wites data to the 15:

volatile menory and keeps it there until the space 16:
in the wite-back nenory is needed for different 16:
data, at which point he may wite it to the 16:
nonvol atile nenory, but that's not the primary 16:
di scussion in Spiers. 16:
The primary discussion in Spiers is that he 16:

keeps data in the volatile nenory until the power 16:
becomes unreliable, at which point he wites it nore 16:
permanently into the nonvolatile menory. 16:
Q What is the data transfer rate for the PCl 16:
interface that you rely on? 16:
A. Well, I only give an exanple. But the 16:
exemplary PCl data rate -- let me check. Is up 16:
to -- let me do a little bit of math. Up to 528 16:
negabyt es per second, | believe. 16:
Q And that's 66 tinmes 8? 16:

A Yes. 66 mllion tinmes 8. 16:

Q Okay. And what is the data transfer rate 16:

for SDR DRAM? 16:
A | guess it depends which one and how w de. 16:
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You can also find that 528 nunmber on page 4 of 16:
Exhi bit 1031. 16:
Q Okay. So for SDR DRAM what are the data 16:
transfer rates at the tinme? 16:
A. I don't have the specification. | remenber 16:

up until |ike 133 negahertz, but | don't remenber if 16:
it got faster than that, and again, it depends on 16:
how wi de. 16:
Q And what is the data transfer rate for NAND 16:
flash? 16:
A. It varies from conponent to conponent. 16:

Q At the time, is it nmuch slower than the 16:
SDRAMs ? 16:
A. It woul d depend on what conponent you 16:

sel ected. The throughput is |ower, but the peak 16:
rate may have been simlar. Again, it depends on 16:
how wi de you nmake it. 16:
Q. You cited NAND data sheets in your 16:
decl aration; right? 16:
A | did. 16:

Q And what is the data transfer rate for that 16:
one? 16:
A. | think a single chip is about 80 negabytes 16:

per second, but again, you can have nultiple chips 16:
bei ng used which would just nultiply that out. 16:
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Q Okay. And you nentioned that the SDR DRAM 16

at the time can be up to 133 negahertz. |Is that the 16:
nunmber of transfers? So |ike when you conputed the 16:
data transfer rate, you need to tinme -- nmultiply 16:
t hat nunber by 8? 16:
A It depends on how you configure it. It 16:
could be less than 8, it could be nore than 8, it 16:
could be 8. It's a design choice. 16:
Q So in the PClI exanple, when it's used for 16:

the wite-back cache simlar to the Spiers 16:
application? 16
A | don't think Spiers is specific to exactly 16
how many chi ps of what type one woul d use. 16
Q ' mjust tal king about a single SDR DRAM 16

A Again, there are various kinds. There were, 16

if I recall correctly, 8-, 16- and 32-bit versions, 16
but there's nothing that suggests that one woul d 16:
only use a single SDRAM chip in Spiers. 16:
Q. Okay. So if it's a 133 negahertz one with, 16:

you said, 8 bits or 16 bits -- 16:
A. Uh- huh. 16:

Q -- okay so that would be 133 tinmes 8 or 133 16:
times 16 a chip; right? 16:
A. No, that's bits. | have been neasuring 16:
everything else in bytes. If it were an 8-bit-w de 16:
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chip, it would peak out at 133 nmegabytes. If it 16
were a 4-bit chip, it would be half that. 16
Q So for the PCl interface, when you said 512, 16:

is that a negabits or negabytes? 16
A. 528 megabytes per second, if | got that 16
correct. Yes, that's correct. Peak. 16:
Some of the SDR chips were as little as 16:

66 nmegabytes per second peak per chip. Some of them 16:
even slower than that; sonme of them half that. 16:
So in a four-chip configuration such as 16:

Spiers, there would definitely be a bandw dth 16:
motivation to use a faster nmenory. 16:
Q So why don't you take a | ook at Exhibit 2012 16:
[verbatim, and PDF page No. 2. 16:
A Okay. 16:

Q. Do you disagree with the maxi mum transfer 16:
rate that's listed in Table 1 there? 16:
A. That's based on sonme assunption as to how 16:
many bytes wi de the systemis. That assunption is 16:
not necessarily present in Spiers. That's not true 16:
for a single chip. 16:
Q Where does it indicate that it's not for 16:
single chip? 16:
A. You can just do the math. So some PC100 16:
SDRAM chi ps, for exanple, use a 4-bit-w de 16:
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configuration. That nmeans that 100 mllion tines 16:
per second, they can send half a byte. In that 16:
case, they can only manage 50 negabytes per second. 16:
So it would take 16 of those chips lined up to get 16:
to 800 negabytes per second. O course, you can 16:
line up nore or |less and get to whatever nunmber you 16:
want . 16:
Q. You are saying that the Table 1 transfer 16:
rate is assumng there is a certain nunber of DRAMs? 16:
A. Operating sinultaneously, correct. And 16:
again, in the case of PC100 or PCl133, that may be as 16:
many as 16 simul taneously operati ng DRAM chi ps. 16:
Q Wy is it uniformy basically the nunber in 16:

the real clock and the maxi numtransfer rate, it's 16:
all tinmes 8? Do you see that? 16:
A. They' ve made some assunptions. Those 16:
assunptions don't seemto be -- let's see. They've 16:
made t he assunption that they've physically built a 16:
menmory systemthat is 8-bytes wide. That's an 16:
assunption for this docunent, but it's certainly not 16:
an assunption that's true for every nenory system 16:
desi gn. 16:
Q Where does it say the assunption is an 16:
8-byte-w de nenory systenf? 16:
A Well, again, we can derive that just from 16:
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the nunbers. But it also, when it tal ks about types 16:
of DDR nmenory, it keeps nentioning 8 bytes. 16:
Q VWher e? 16:

A Under subsection 1 and under subsection 2. 16:

Q When you say subsection 1, where is it? 16:

Whi ch section are you referring to? 16:
A. On page 71. 16:

Q. Page 71. Ckay. 16:

A. Types of DDR nenories. There are presently 16:

t hree generations of DDR nenories; DDRL nmenory with 16:
a maxi mumrated clock of 400 negahertz and a 64-bit 16:
8-bytes data bus is now becom ng obsol ete, which | 16:
don't know what the date is on this docunent, but 16:
even by here, you can see it's already becone 16:
obsol et e. 16:
But, again, you can nmake those nunbers 16:

what ever you want. If you assune, it is 100 bytes 16:
wide, it will be 100 tines the rated clock. And if 16:
you assune it is a half-a-bite wide, |ike many 16:
conmmon PC133 chips, then it's half the rated cl ock. 16:
Q For the Spiers operating -- let me withdraw 16:

and ask. 16:
So for the Spiers application, does that 16

i nvol ve an operating environnment that has a high 16
wite-to-read ratio? 16
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A It mght. Spiers isn't specific to any 16
wite-to-read ratio. 16
Q And |I'mjust saying for Spiers' specific 16
application, the wite cache -- wite-back cache 16
application, does that involve a high wite-to-read 16:
rati o? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: It just depends how you choose 16:

to use it. It's nenory -- you can wite to it or 16:
you can read fromit. 16:
BY Ms. ZHONG 16:
Q How does Spiers, according to Spiers, 16:

di scl ose enbodi nents when is a wite operation done 16:
to the DRAM and when is read operation done? 16:
A | believe that a wite -- | nean, there are 16:
multiple cases. But a wite operation is done when 16:
the host wites data, and a read operation is done 16:
when the host reads data. And then there are other 16:
times as well, but those would be certainly 16:
dom nant . 16:
Q When does a host read data from Spiers' 16:
DRAM? 16:
A VWhen it wants to know the data that it's 16:
previously witten. 16:
Q Isn't it the case that a data stored in the 16:
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SDRAM is witten to the disk? 16:

A Eventually. But since it's a wite-back 16:
cache, that wite-back to the -- you know, I 16:
wouldn't call it the disk -- the nonvolatile 16:
storage, is deferred as | ong as possi bl e. 16:

Q. According to Spiers, when are the SDRAM s 16:
data bei ng read? 16:

A There are lots of different tinmes when the 16:
SD data can be read. It's a cache, so whenever it 16:
contains the data that the host wants, it should be 16:
read. There are other tinmes as well. 16:

Q Isn't the case in Spiers the data is witten 16:
to the DRAM just to speed up the disk-wite tim ng? 16:

A. That's one reason, but it's described as a 16:
write-back cache. So reading fromthe disk drive 16:
also takes a long time. Nornmally in a wite-back 16:
cache, if the data is in the cache, you would read 16:
fromthe cache. 16:

Q So what would be the read-to-wite ratio in 16:

Spi ers' operation then? 16:
A. I think it depends on the particular 16:
software that you run on the host. | think it would 16:
vary. 16:
Q Do you know the range? 16:

A No. |I'mnot sure that it's even bound. 16:
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DEPOCSI TI ON REPORTER: M ss Zhong, is this a 16:

good tine to take another break, a few m nutes? 16:
M5. ZHONG. Sure, we can take our break. 16:

(Of the record.) 16:

BY MS. ZHONG 16:
Q. For Spiers -- can you pull up Spiers 16:

par agraph 37. 16:
A Okay. 16:

Q Do you see it references SDRAM nodul es 190? 16:

A Yes. 16:

Q So do those refer to individual DRAM 16:
packages, or they're referring to a nenory nodul e 16:
with nultiple SDRAMs on thenf 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: In that enbodi nent, they could 16:

be nmenory -- they could be nultiple SDRAMs on board. 16:
BY Ms. ZHONG 16:
Q. And to you, when they say "SDRAM nodul es, " 16:
what does it usually nean to a POSI TA? 16:
A. It probably at that tinme neans a DI MM or 16:
something like it. 16:
Q Ckay. So it neans there are four DI Mvs on 16:

the PCl? 16:
A Not on the PCI. Connected to the 16:
controller. 16:
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Q Well, it says, "SDRAM nodul es 190" and 16:
that's in Figure 5, and that's on the PCl card. 16:
A It's on the PCl card, but it's not on the 16:

PCl bus. [It's connected to the processor 198. 16:
Q Okay. 16:

A The processor 198 has internal |ocal nmenory. 16:
We're taught that. It reads data and then 16:
separately wites it. So there are two transfers 16:
t hat happen. It gets transferred into processor 16:
198, and then to the SDRAM or fromthe SDRAM to 16:
processor 198 and then to the PClI bus. 16:
Q That | understand, but you said the 190 are 16:

DI MV ? 16:
A. It could be, or SO DI MV or any other kind 16:

of a menory nodul e. 16:
Q. But don't DIMVs require there to be nenory 16:
slots in order for themto fit in? 16:
A There could be slots on the board. 16:

Q. Okay. So you're saying that it's possible 16:

on the PCl card itself, there are menory slots for 16:
you to insert the SDRAM nenory nodul es? 16:
A. That's certainly possible. 16:

Q And at the tinme, usually how many DRAMs are 16:

t here on the DI MM nodul e? 16:
MR. CHANDLER: Objection to form 16:
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THE WTNESS: Well, it varies a |ot. 16:
Probably anywhere from2 to 16 -- 16:
BY Ms. ZHONG
Q 2to 167
A -- on a traditional nodule. But there are 16:
all kinds of specialty nodules as well. 16:
Q. Are you aware of any SDR that's by 4? 16:
A That's nmy recoll ection. 16:
DEPOSI TI ON REPORTER: What was the | ast 16:
wor d?
MS. ZHONG  That's by 4. You can just say 16:
X4. 16:
DEPOSI TI ON REPORTER: What was your answer ?
| apol ogi ze. 16:
THE WTNESS: M recollection is that SDR 16:
came in X4, X8 and X16. 16:
BY Ms. ZHONG 16:
Q. And if you can take a |look at Exhibit 2013. 16:
Does that describe a 64-bit-w de SO D MM 16:
conpri sed of FDRs? 16:
A Yes. 16:
Q Ckay. So for that one, the calculation that 16:
we saw before regarding the data transfer rate is 16:
correct; right? 16:
MR. CHANDLER: Objection. Form 16:
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THE WTNESS: Correct. For these -- for 16:

this particular nodule, if this particular nodul e 16:
had been used, a person of ordinary skill in the art 16:
woul d certainly know how to change the width of a 16:
menory system 16:
BY Ms. ZHONG 16:
Q. Okay. So if the PCI nmenory width is 64, 16:
does that indicate the SDRAM DI MM woul d al so be 64? 16:
MR. CHANDLER: Object to form 16:

THE W TNESS: Not necessarily because there 16:

is a controller in between. It could change the 16:
width to make it wider or narrower. It could -- if 16:
it had enough bandwi dth, it could use a X8, which 16:
woul d save a | ot of noney for the DRAM connecti on. 16:
BY Ms. ZHONG 16:
Q. Do you see that between the processor and 16:

the SDRAM it says "64"7? 16:
A. In Figure 5, yes, that's the exanple that's 16:

gi ven. 16:
Q So that nmeans it's 64 bits is transferred 16:
fromthe SDRAM to the processor? 16:
A. In this particular enbodinent in Figure 5, 16:
that's correct. 16:
Q Okay. So for that one, it's the -- each of 16:

t he SDRAM nodul e woul d be 64-bit w de; is that 16:
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right? 16:
A. Not necessarily. It could be four 16:
16-bit-wi de nmodules. They don't tell us. It 16:
doesn't matter. A person of ordinary skill would 16:
know how to i npl enment any conbi nati on of DRAM 16:
wi dt hs. 16:
| should nention there is al so DRAM 218 that 16:

has sone additional bits. |It's not actually a 16:
64-bit transfer. There are sone additional error 16:
correction bits as well. 16:
Q Okay. But the transfer between the 16:
processor and the SDRAM 190, that's 64 bit; right? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: In this enbodi nent, yes. 16:

BY Ms. ZHONG 16:
Q Do you regard a PCl card with nmenory nodul es 16:

on them a nenory nodul e? 16:
A. It would depend on context. Certainly, 16:
there were tinmes in the history of PCs where an I/O 16:
card with nenory chips on it was called a nenory 16:
nodul e. 16:
By the begi nning of 2007, | think absent any 16:

ot her context, nenory nodul e probably refers to 16:
sonething that's designed to fit into a 16:
menory-specific slot. 16:
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Q Okay. So, for exanple, in Figure 5, you
woul d probably refer to the SDRAM nodul es as nenory
nmodul es but not necessarily the entire PCl card; is
that right?

MR. CHANDLER: Objection. Form

THE W TNESS: Again, it would depend on
context. So |'ve heard people refer to a PCl nenory
card as a nenory nodule, but in some contexts, you
woul d not assune that if soneone said nenory nodul e
that that was a PCl card.
BY Ms. ZHONG

Q Okay. So in the context of Spiers, would
you regard the PCl card with nmenory nodul es a nenory
nodul e?

A. Under the general understanding of a nmenory
nmodul e, | think probably, right, because it's a card
t hat contai ns nmenory.

Q. But it's not used with nenory-specific slot;
ri ght?

MR. CHANDLER: Objection to form

THE WTNESS: It's not used with nenory
specific -- it doesn't fit into a nenory specific
slot, that's true.

BY Ms. ZHONG

Q Okay. So by 2007 or so, a PCI card probably 16:

16:

16:
16:
16:
16:

16:
16:
16:
16:
16:
16:
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woul d not be regarded in general as a nenory nodule; 16:
correct? 16:
MR. CHANDLER: Objection. Form 16:

THE WTNESS: No. Like I said, it's 16:
dependi ng on context. If it's a PCl card that's 16:
used to host nenory, it would be reasonable to call 16:
it a menory nodule. It's just not the npbst common 16:
ki nd of menory nodul e. 16:
BY Ms. ZHONG 16:
Q Sure. |Is a PCl card designed to fit into a 16:
menory specific slot? 16:
MR. CHANDLER: (Object to form 16:

THE WTNESS: No. A PCl slot is useful for 16:

i nput, output or menory. This particular card would 16:
be menory. 16:
BY Ms. ZHONG 16:
Q  Wy? 16:

A. VWhy woul d this card be nmenory? Because its 16:
purpose is to hold nenories. |If you |look at the 16:
i ntended use of the PClI bus in the spec, it says 16:
it's used for peripheral controllers, add-in boards 16:
and processor nenory systens. 16:
Q Where are you reading fronf 16:

A Page 1 of Exhibit 1031. 16:

Q So according to you then, the PCI card woul d 16:
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al ways be a nmenory card, wouldn't it? 16:
A. No. PClI cards that are intended to provide 16:
menory are nmenory nodul es, and PCl cards that are 16:
i ntended to provide peripheral input/output are I/O 16:
nodul es. 16:
Q. So you're saying the PCI card in Spiers is a 16:
menmory nodul e havi ng menory nodul es on t henf 16:
A Yes. And, again, a nodule is just a 16:
coll ection of conponents. 16:
Q So would the FPGA on the PCl card operating 16:

as a processor in the sane manner as that for a 16:
menory controller? 16:
MR. CHANDLER: Objection. Form 16:

THE W TNESS: Processor 198 in Figure 5 16:

woul d i ncorporate a nmenory controller as well as 16:
ot her things. 16:
BY Ms. ZHONG 16:
Q Then if the DDR2 are on the DI MM nodul es, 16:
then the VIT is not supplied on the PClI card, is it? 16:
MR. CHANDLER: Objection to form 16:

THE WTNESS: [|'mnot sure | understand the 16:
question. The DDR2 does not have to be in an 16:
i ndustry standard nodule, so the VIT could certainly 16:
come fromthe PClI card. And in the enbodi nents | 16:
described, it would conme froma buck regul ator on 16:
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the PClI card. 16:
There's al so an exanple in Figure 5 uses 16:
SDRAM nodul es, there's -- certainly a person of 16:
ordinary skill would understand that they could also 16:
build Spiers' invention by putting SDRAM chi ps 16:
directly on the PClI board. 16:
BY Ms. ZHONG
Q. Yeah. But you don't have 64-bit w de 16:
SD DDR2 SDRAMs, do you? 16:
A. Well, one, you could conmbine themjust |ike 16:
is done in any nenory system You have 32-bit-w de 16:
DDR2, | believe. But, secondly, there is nothing 16:
t hat says you need to use 64. That is just an 16:
arbitrary nunber that is chosen for one enbodi nent. 16:
That woul d be another notivation to nove to 16:
DDR2 or DDR3 because you m ght be able to get the 16:
sane performance out of 32 or 16 or even 8 bits 16:
wide. So you would be able to build this card nuch 16:
cheaper, avoid a bunch of connectors and be much 16:
nore efficient. 16:
Q Why is that? 16:
A Because all the SDRAMs use bl ock transfers. 17:
So if you can transfer data twice as fast, or in the 17:
case of DDR3 perhaps eight tinmes as fast per pin, 17:
then you can achi eve approxi mately the sane 17:
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performance with one-eighth as many pins. 17:
So it's just an ordinary design tradeoff to 17:

ei ther increase the performance when noving to the 17:
next DRAM generation or to reduce the bus w dth and 17:
mai ntai n the perfornmance. 17:
DDR2 and DDR3 chips also can contain four to 17:

eight tinmes as many bits per chip, so that woul d be 17:
anot her notivation to reduce the number of chips and 17:
move to the new nmenory technol ogy. 17:
Q But the bus width is always 32 or 64 bit 17:
dependi ng on what the PClI bus width it is; right? 17:
A No. There is a processor in between. That 17:
processor has buffers. It can change the bus w dth 17:
to whatever it wants. 17:
Q. Yeah, but when you go to the PClI one, it's 17:

al ways going to be 64 bits anyways. 17:
A. Correct. But that 64 bits can be eight 17:
8-bit transfers onto the SDRAM That is done all 17:
the time. That's why there's a processor in between 17:
and a separate nenory controller, to be able to act 17:
as an interface between the PCl protocol and the 17:
SDRAM pr ot ocol . 17:
Q But you can make the transfer between the 17:
SDRAM and the processor nore efficient, but if the 17:
bottl eneck is at the PCl interconnectors, how would 17:
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that help you in any way? 17:
A Wll, if in fact that's the bottleneck, and 17:
"' m not necessarily accepting that it is, but if it 17:
is the bottleneck, then one option would be instead 17:
of having four 64-bit-w de SDRAMs, you coul d have 17:
one 16-bit-wi de SDRAM And for a nuch | ower cost 17:
and nmuch | ess power consunmption and nmuch | ess space, 17:
you woul d have the sane | evel of performance. 17:
You would do that with DDR2 or DDR3 17:

technol ogy by inplenenting it exactly the way that 17:
it's described in the DDR2 and DDR3 st andards. 17:
Q But you can have one 16-bit-w de SDRAM f or 17:

the early generations as well; right? 17:
A. You could. There's nothing about Spiers 17:
that limts you to a particular speed or a 17:
particular bus wi dth between the processor and the 17:
SDRAM  Those are ordinary design choi ces. 17:
Q. And where in your declaration do you discuss 17:

t hat the number of transfer bits between the SDRAM 17:
and the processor are vari abl e? 17:
A. | don't think | discussed it in one way or 17:
another. | think | sinply said that there were a 17:
nunmber of different notivations to nove to the 17:
newest nenory generation. 17:
Q And can you tell me, in your declaration, 17:
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what are those notivations? 17:
A. | will see if | can find them Partly, it's 17:

t he conmbination with Am di, which discloses the use 17:
of DDR and DDR2 devices, and then -- let's see. 17:
| mention the fact that those newer devices 17:

had al ready been standardi zed i n paragraph 198. 17:
Those are the ones that | see at the nmoment, 17:

but there may be ot her explanations as well in 17:
this -- in the declaration. 17:
Q Is it fair to say the reasons you nentioned 17:
five to ten m nutes ago, those are not in your 17:
declaration; right? 17:
MR. CHANDLER: Objection. Form 17:

THE WTNESS: | don't recall. 17:

BY Ms. ZHONG 17:
Q. Okay. Is it fair to say that in your 17:
decl aration, in your analysis, you kind of assuned 17:
that the SDRAM refers to DDR2 or DDR3? 17:
MR. CHANDLER: Objection. You drifted out 17:

at the end. It was a little hard to hear. 17:
DEPOSI TI ON REPORTER: |'m sorry. | don't 17:

think I got the full question. 17:
BY Ms. ZHONG 17:
Q So is it fair to say that in your 17:
decl aration, your analysis assunmed that the SDRAM 17:
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di scl osed for Spiers are DDR2 or DDR3? 17:
MR. CHANDLER: Objection to form 17:

THE WTNESS: No, | assumed that Spiers did 17:

not describe a specific type of SDRAM and that a 17:
person of ordinary skill in the art, in view of 17:
Am di, woul d have chosen, or at |east it would have 17:
been obvious to choose, the nost popul ar SDRAMs at 17:
the time of the invention, which would have been 17:
DDR2 and DDR3. 17:
BY Ms. ZHONG 17:
Q So how does Am di fit into your analysis 17:
with Spiers? 17:
A. It's anal ogous art. They're both describing 17:
ways to provide backup power for a backup nmenory 17:
systemin |ight of a power failure. 17:
Am di uses a battery instead of a capacitor, 17:

whi ch woul d have been an obvi ous substitution. And 17:
Am di uses DDR and DDR2 DRAM And Ami di al so 17:
di scl oses a specific structure, a power swtch 17:
mul ti pl exer, that is relevant to sone portions of 17:
t he anal ysi s. 17:
So I think that a person of ordinary skill 17:

woul d have conbi ned them because they are directed 17:
to solving the sanme problemin very simlar ways, 17:
and that that conbination would have further 17:
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noti vated a person of ordinary skill to use DDR2 or 17:

DDR3 menory since it's very clear that Amdi intends 17:

to support the newest nmenory technol ogies. 17:

Q. And you said "Am di al so discl oses a 17:
specific structure, a power switch mnultiplexer, that

is relevant to some portions of the analysis.” 17:

VWi ch portions are you referring to in 17:

speci fic? 17:

A. In particular, | think | relied on as part 17:

of claim6 -- 17:

Q Okay. 17:

A -- because although claim6 is supported by 17:

Spiers, it's clear that Amdi has a trigger and also 17:

Am di nmentions specific tolerances for that trigger. 17:

So that supports sone of those dependent clains, in 17:

addition to the factors that |'ve nentioned before. 17:

Q So what is in Amdi that is absent from 17:

Spi ers? 17:

DEPCSI TI ON REPORTER: Was that for the 17:

record, Counsel? 17:

MR. CHANDLER: No. Just a cough. 17:

THE W TNESS: The specific reference to DDR2 17:

DRAMs i s one. 17:

BY Ms. ZHONG 17:

Q VWhat el se? 17:
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A Am di specifically discloses a buck 17:
converter. In fact, multiple buck converters. 17:
Q. Does Am di specifically disclose a 5 volt to 17:
3.3-volt buck converter? 17:
A. Let nme pull up Amdi. | don't think it 17:
specifically does. It does disclose the use of buck 17:
converters to power a nmenory nodul e onboard. So a 17:
person of ordinary skill would understand that that 17:
could be used at any voltage. And if it was 17:
substituted into Spiers' 5 volt-powered system then 17:
it would nmake sense to use a buck converter for any 17:
vol tage bel ow 5 vol ts. 17:
Q So in Amdi Figure 6, if the system supply 17:

is now 12 volts, does it nmake sense for you to step 17:
down the 3.6 volt fromthe lithium battery charger 17:
to 1.8 volts and then step it back up to 12 volts? 17:
MR. CHANDLER: Objection. Form 17:

THE W TNESS: No. The conmmonsense thing to 17:

do woul d be to generate all the voltages below 3.6 17:
volts directly using buck converters fromthe 3.6 17:
volt supply. 17:
BY Ms. ZHONG 17:
Q So you woul dn't do boost, then step down 17:
agai n? 17:
MR. CHANDLER: Objection. Form 17:
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THE W TNESS: Not unless it was necessary. 17:

You could do that. A person of ordinary skill would 17:
know how to do that, but typically, if you have a 17:
.2-volt drop in a nodern buck converter, you can 17:
support that. 17:
So | would -- depending on the situation, | 17:

woul d certainly -- as a person of ordinary skill, 17:
woul d know how to generate 1.5 volts, 1.8 volts, 3.3 17:
volts, 2.5 volts froma 3.6-volt lithiumion 17:
battery. 1In fact, every phone in existence does it. 17:
BY Ms. ZHONG 17:
Q " masking a slightly different question. 17:
Wul d a POSITA step up the 3.6-volt power 17:

supply to 12 volts, and then sonmehow step it back 17:
down to 1.8 volts? 17:
MR. CHANDLER: Objection. Form 17:

THE W TNESS: They mi ght. That woul d be 17:
certainly sonmething they would know how to do, and 17:
it would be sonething that they mi ght rationally 17:
choose to do if they wanted to handl e a higher 17:
degree of battery droop at the expense of | ower 17:
ef ficiency. 17:

But | think the nost straightforward thing 17:
to do would be to generate all the voltages from3.3 17:

volts down directly fromthe 3.6-volt value. And a 17:
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buck converter -- 17:
BY Ms. ZHONG
Q. How woul d stepping down --
A -- a buck converter could substitute in 3.6 17
volts for 12 and still operate. 17:
Q. So how woul d stepping this 3.6 volts first 17:
to 12 volts and then convert it down to 1.8 volts 17:
sol ve the droop problem when in Am di a straight 17:
conversion from3.6 to 1.8 doesn't have that 17:
pr obl enf 17:
MR. CHANDLER: Objection. Form 17:
THE W TNESS: That would solve the problem 17:
if, for exanple, your lithiumion battery got down 17:
to 3.3 volts as it got old. But as | said, nost 17:
peopl e woul d not take that approach. Mbst people 17:
woul d sinply directly convert the 3.6 volts to the 17:
| ower voltages. 17:
BY Ms. ZHONG 17:
Q. So if it gets down to 3.3 volts, wouldn't 17:
that still work if the menory operates at a 1.8 17:
vol ts? 17:
A. Yes, but you could not use a buck converter 17:
to get 3.3 volts out from3.3 volts in. You would 17:
need sonething a tiny bit higher. So you would 17:
just --
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Q No, no, no --

A -- need a different set of choices with 17:
respect to what voltages you out put. 17:
Agai n, getting an output voltage froma 17:

hi gher voltage with a buck converter is ordinary 17:
engi neering, and any person of ordinary skill would 17:
know how to do that based on the specifics of a 17:
particul ar design. 17:
Q | don't know where you got the 3.3 volt 17:
from | amsaying the output | desire is 1.8 volts. 17:
So even if the battery dropped to 3.3 volts, why 17:
woul d there be a problem for you to use a buck 17:
converter directly to convert the 3.3 volt to 17:
1.8 volt? 17:
A There would not. If, hypothetically, | 17:
woul d want to choose to only get 1.8 volts out of 17:
t he buck converter and supply 3.6 volts in, that 17:
woul d work just fine. 17:
Q. So in Am di's situation where the battery 17:
output is 3.6 volts and the ultinmate desired voltage 17:
is 1.8 volts, a POSITA generally would not step that 17:
3.6 volts to 12 volts first and then step it down to 17:
1.8 volts. 17:
MR. CHANDLER: Objection. Form And 17:

i nconpl et e. 17:
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THE WTNESS: No, they mght. There are 17:
reasons why one m ght do that, but there are al so 17:
reasons why one m ght not do that. A person of 17:
ordinary skill would be able to inplenent either 17:
approach with these. 17:

BY MS. ZHONG

Q. VWhat woul d be the reason to step it up to 12 17:
volts and where is that discussed in your 17:
decl aration? 17:

A. None of this is discussed in ny declaration. 17:
This isn't what | proposed. What | proposed is 17:
t aki ng the teachings of Am di and using themin 17:
conmbi nation with Spiers. 17:

Q You never proposed to step up the 3.6 volts 17:
to 12 volts first? 17:

A. No. Like |I said, a person could do that. A 17:
person -- that would be a perfectly reasonable thing 17:
to do. 17:

Q. And why woul d you do that? 17:

A. You m ght do that because if you want to 17:
al so generate 3.3 volts fromthe sane power, it 17:
woul d be easier to do so; or to give you other 17:
flexibility in ternms of the range of voltages that 17:
you out put. 17:

Q But Am di already has a DC-DC boost buck 690 17:
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to generate the 3.3 volt rail; right? 17:
A. Yes, and a boost buck is sinply a boost 17:
converter followed by a buck converter, which is 17:
exactly what | suggest ed. 17:
Q Okay. And Ami di doesn't really say that you 17:

do that by converting to 12 volts first. 17:
MR. CHANDLER: Objection. Form 17:

THE W TNESS: No. A person of ordinary 17:

skill would be able to analyze a power supply and 17:
determ ne what the appropriate internediate voltage 17:
shoul d be. 17:
BY Ms. ZHONG 17:
Q I know a PQOSI TA can do that, but what is the 17:
reason for stepping up to 12 volts first and then 17:
down to 1.8 volts? 17:
A. In order to use the sane supply for 17:

3.3 volts or to be able to use the battery as it 17:
beconmes depleted. That would be a notivation to 17:
do that. 17:
M5. ZHONG | want to take a five-mnute 17:

br eak. 17:
MR. CHANDLER: Sure. 17:
DEPOSI TI ON REPORTER: We're off the record. 17:

(OFf the record.) 17:

Il 17:
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BY Ms. ZHONG 17:
Q As far as power efficiency is concerned, 17:
would it be better for you to step the 3.6-volt 17
output fromthe lithiumion battery to 12 volts 17:
first, and then generate the 1.8 volts or 1.5 volts
or would it be better for you to --
(Clarification requested by Reporter.)
BY Ms. ZHONG
Q As far as power efficiency is concerned, 17:
would it be better for a designer to step the 3.6 17:
volt fromthe lithiumion battery charger 410 17:
directly to 1.8 volts or 1.5 volts; or would it be 17:
better for you to step the lithiumion battery 17:
charge's output to 12 volts first and then down 17:
convert that 12 volts to 1.8 volts and then 1.5 17:
vol ts? 17:
MR. CHANDLER: Objection. Form Also 17:
i nconpl ete. 17:
THE W TNESS: Yeah, | haven't suggested 17:
ei ther of those because the proposals that | put 17:
forth all include 3.3 volts, as well, and that's 17:
what woul d notivate you to convert to 12 volts. 17:
The analysis is actually nore conplicated. 17:
There is no sinple answer. And the reason is that, 17:
one, it may be difficult to get 3.3 volts from 3.6 17:
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vol ts depending on the circunstances, SO you may 17:
need to step it up anyway. 17:
But al so by allowing you to step up once and 17:

then use that to supply all of your |ower voltages, 17:
you may be closer to the high efficiency operating 17:
point for that conversion because you' ve conbi ned 17:
all of your outputs into a single up-conversion as 17:
conposed -- as opposed to sonething like the buck -- 17:
t he boost buck converter for one, and separate buck 17:
converters for the others. 17:
So you woul d have to do the specific 17:

anal ysis to know which one is actually nore 17:
efficient, and it would vary based on current 17:
requi renents and specific conbinations of voltages 17:
that were selected. But, again, either one of them 17:
woul d be obvious to a person of ordinary skill. 17:
BY Ms. ZHONG 17:
Q. Did you performthat anal ysis anywhere? 17:

MR. CHANDLER: Objection. Form 17:

THE WTNESS: No. | sinply expl ained one 17:

set of obviousness inplenentations. 17:
BY Ms. ZHONG 17:
Q Did you analyze how that would work out in 17:
Harris' systenf 17:
A. | did. I show how it would work. Again, 17:
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there is no obligation in an obvi ousness analysis to 17:
show that it's the best solution, only that it's an 17:
obvi ous solution, and | believe | did that. 17:
Q. And you did not show how the operation would 17:
perform conpared to what is shown here in Am di 17
itself; right? 17:
MR. CHANDLER: Objection. Form 17:

THE WTNESS: Well, it's a different design. 17:

Am di is not the combination of Harris and Am di . 17:
So no, | did not whol esal e adopt Am di's power 17:
systeminto the combination with Harris. | took the 17:
teachings from Am di and used themto nodify Harris. 17:
BY Ms. ZHONG 17:
Q Okay. And in Amdi, there is a buck boost 17:

690 that can generate 3.3 volts; right? 17:
A. A boost buck 690, right. And as | 17:
expl ai ned, one would have to do an analysis of a 17:
particular systemw th particular currents and 17:
particul ar converters to conpare the efficiency. 17:
But they would both be adequately efficient. 17:
Whet her or not one is better than the other is not 17:
something | had to take into consideration. 17:
Q Okay. And so you did not perform any 17:
analysis to show that for Harris FB-DI MM system 17:
the -- your proposed operation would yield a better 17:
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performance in any circunstance; right? You just 17:
t hink that there could be, but you did not perform 17:
any analysis that that is the case; correct? 17:
MR. CHANDLER: Objection. Form 17:

THE WTNESS: | did not performan analysis 17:

to show that the obvious solution that | expl ained 17:
in nmy declaration would be better than sone 17:
alternative solution, no. 17:
BY Ms. ZHONG 17:
Q " mnot tal king about the alternative 17:
solution. [|I'mtalking about the solution that 17:
Am di -- how Am di uses the output fromits lithium 17:
battery charger. 17:
You did not conpare it to how Am di's 17:

sol uti on woul d be; right? 17:
MR. CHANDLER: Objection. Form 17:

THE W TNESS: Amdi alone? No, | did not 17:

conpare the conbination of Harris and Amdi to Amdi 17:
al one. 17:
BY Ms. ZHONG 17:
Q Ckay. Have you designed VIT regulators for 17:
DDR2 and DDR3 nmenory nodul es? 17:
MR. CHANDLER: Objection. Form 17:

THE WTNESS: No. | have not designed 17:

voltage regulators. They are readily avail able for 17:
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pur chase. 17:
BY Ms. ZHONG 17:
Q. Okay. Do you provide any evidence as to the 17:
type of VIT regulators -- let nme put it this way. 17:
What is the evidence in your declaration 17:
regarding the type of regulators used to generate 17
VIT for DDR2 and DDR3 menory nodul es? 17
A | think I provided evidence, for exanple, of 17:
three different off-the-shelf regulators that can 17:
provi de voltages in the appropriate VIT range. 17:
That's how, as | have expl ained, a person of 17:
ordinary skill selects a voltage regul ator. 17:
Q Okay. And which are those three vol tage 17:
regul ators? 17:
A. | believe they are Exhibit 1040, 1041, and 17:
1048. But the references thenselves also refer to 17:
ordinary vol tage regul ators that a person of 17:
ordinary skill would know how to inplenment at a 17:
variety of different voltage levels. And | believe 17:
Harris specifically nmentions a range of voltage 17:
| evel s that can be produced. 17:
Q Exhi bit 1040 when it says "DDR sel ectable,” 17:

is it referring to the DDRL or DDR2? 17:
MR. CHANDLER: Objection. Form 17:

THE W TNESS: \What page are you | ooking at? 17:
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BY Ms. ZHONG 17:
Q I"mjust looking at the title. 17:

A. It says right on the page that it's useful, 17:

for exanple, for DDRL or DDR2 term nation. 17:
Q On whi ch page? 17:

A On page 1 of Exhibit 1040 under 17:
"Applications.” 17:
MR. CHANDLER: Annita, | think the seven 17:

hours is up for today, so should we resune 9:00 a.m 17:
in the norning? 17:
MS. ZHONG  Okay. That's fine. 17:
DEPOSI TI ON REPORTER: We're off the record. 17:

(Ending tinme: 5:47 p.m) 17:
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penalty of perjury that | have read the foregoing

transcript; that | have nmade corrections as appear

not ed,

my testinony as contained herein, as corrected, is true

and correct.

2023,

ANDREW WOLFE, Ph.D., do hereby decl are under

inink, initialed by me, or attached hereto; that

at

EXECUTED this ____ day of ,

(City) (State)

ANDREW WOLFE, Ph.D
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I, 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 tine the witness was duly sworn by ne;

That the testinmony of the wi tness, the
questi ons propounded, and all objections and statenents
made at the tinme of the exam nation were recorded
stenographically 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 21st day of March 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

Samsung El ectronics Co. Ltd. Case No. | PR2022-00996
Petitioner, Patent No. 11,016, 918

VS.

Netlist, Inc., Case No. | PR2022-00999
Pat ent Owner. Patent No. 11,232,054

VI DEOCONFERENCE DEPOSI TI ON OF ANDREW WOLFE, Ph. D.
Friday, March 17, 2023

Vol unme Il (Pages 200 - 296)

Reported Renotely and Stenographically by:
JANI'S JENNI NGS, CSR No. 3942, CLR, CCRR

Job No. 5773633
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DEPOSI TI ON OF ANDREW WOLFE, Ph. D.

| ocated in Santa Cl ara,
the Petitioner, beginning at 9:01 a.m, on Friday,
March 17, 2023, sworn renotely by Janis Jennings,

Certified Shorthand Reporter No. 3942, CCRR, |ocated in

the City of Wal nut

of California.

Creek, County of Contra Costa, State

appearing renotely,

California, taken on behal f of
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the Petitioner

REMOTE APPEARANCES:

the Patent Owmer Netlist, Inc.:

| RELL & MANELLA LLP
BY: H. ANNI TA ZHONG, ESQ
1800 Avenue of the Stars

Suite 900

Los Angeles, California 90067

310. 277.1010

hzhong@rell.com

BAKER BOTTS LLP

BY: THEODORE W CHANDLER, ESQ

FERENC PAZMANDI , Patent Agent

101 California Street

Suite 3200

San Francisco, California 9411

415. 291. 6200

t ed. chandl er @aker botts. com

Sanmsung El ectronics Co., Ltd.:
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Friday, March 17, 2023; 9:01 a.m

ANDY WOLFE,
the witness herein, was sworn

and testified as foll ows:

EXAM NATI ON ( Resuned) 09:

BY Ms. ZHONG 09:
Q Dr. Wlfe, can you please pull up 09:
Exhi bit 1025, Spiers. 09:
A. Okay. 09:

Q Can you please go to Figure 3? 09:

A Yes. 09:

Q Do you see that in Figure 3, there is a 09:
write-back cache 148 within the storage device 1407? 09:
A. | do. | think it's inportant to understand 09:
that that's a different enbodi nent than the one that 09:
| identified in nmy declaration. 09:
Q. Okay. And there's a separate backup device 009:
144, separate fromthe storage device 140. 09:
Do you see that? 09:

A. | do. Again, that's not the enbodi nent that 09:

| identified in nmy declaration. 09:
Q Okay. And the write-back cache and backup 09:
device are two different things; correct? 09:
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MR. CHANDLER: Objection. Form 09:
THE WTNESS: In the Figure 3 enbodi nent, 09:
t hey are. 09:
BY Ms. ZHONG 09:
Q Okay. And in Figure 4, Figure 4 is an 09:
illustration of a backup device 144; correct? 09:
A. Correct. 09:
Q. And the Figure 5 is an illustration of the 09:
backup device 144; correct? 09:
A. Of an enbodi nent of a backup device, 144. 09:
Q Okay. And if we go back to Figure 3, when 09:
the storage controller on host systemwants to 09:
access data, does it access data fromthe backup 09:
device or fromthe wite-back cache 148? 09:
A ["'msorry. Did | reference Figure 3 at all 09:
in nmy declaration? | don't believe I provided any 09
opi nions on Figure 3. It's -- 09:
Q. " m asking a question. 09:

A -- of the patent.
Q. " m asking the question. Can you answer the 09:
questi on? 09:
A. Ask the question again. Again, | have not 09:
provi ded any opinions, | don't believe, about 09:
Figure 3, unless you can point ne to one in ny 09:
decl arati on. 09:
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Q So when the storage system wants to access 09:
data, does it access data fromthe wite-back cache 09:
or fromthe backup device? 09:

A. In the Figure 3 device, which is conpletely 09:
different than the Figure 5 device, | don't recall. 09:

Q. Figure 5 is an illustration -- is an 09:
enbodi nent of the backup device 144 in Figure 3; 09:
correct? 09:

A. It could be. Again, these are different 09:
enbodi nents. Figure 5 s enbodinent is described 09:
i ndependently in the patent. 09:

Q So when the storage systemwants to access 09:
data, does it access data fromthe wite-back cache 09:
or fromthe backup device in Figure 3? 09:

A The patent clearly describes that it can 09:
access data fromthe backup device; whether or not 09:
it also can access data fromthe wite-back cache, 09:
per haps. 09:

But the backup device is clearly described 09:
as having i ndependent ability to read and wite, and 009:
that can be seen in Figure 10 and Figure 11, for 09:
exanpl e. 09:

Q So when it needs to access data, does the 09:
write-back cache act as a main nenory or does the 09:
host goes to backup device first? 09:
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MR. CHANDLER: Objection. Form 09:

THE WTNESS: As | said, the host has 09:

the ability to directly and i ndependently access 09:
t he backup device as described in Figures 10 and 09:
Figures 11. 09:
BY Ms. ZHONG 09:
Q Understood. Go ahead. 09:

A You have got to let ne finish ny answers. 09:

The particular software on the host can 09:

decide how it uses that capability, but certainly, 09
there is a disclosure of the ability to directly 09
access the backup device for either read or wite 09
operati ons. 09
Q Uh- huh. What | want to understand is which 09

one acts as the main nmenory storage? 09
A Nei t her. 09

Q. For -- let's say the storage device operates 09
normal ly. Does the host go to the wite-back cache 09:
first to get the data, or does it go to the backup 09:
device first? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It has the capability to do 09:

ei ther, depending on what the software on the host 09:
chooses to do. 09:
Il 09:
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BY Ms. ZHONG 09:
Q Based on Spiers' description, which one does 09:

it access first? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: The software has the 09:
capability to access either one independently. 09:
There's no need to access one before the other in 09:
general. Both devices are on the bus, and as |'ve 09:
said several tines, Figure 10 and Figure 11 show 09:
t hat the backup device can be directly accessed 09:
i ndependently of whether or not the wite-back cache 009:
i s accessed. 09:
BY Ms. ZHONG 09:
Q So if the data in the storage device is not 09:

| ost, does the host access the storage device data 09:
first or access data fromthe backup device first? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It has the capability to do 09:

ei t her. 09:
BY Ms. ZHONG 09:
Q ' m not asking about the capability. [|I'm 09:
aski ng you how Spiers is programed to do. 09:
A. Spiers -- 09:

MR. CHANDLER: Sane objections to form 09:

THE W TNESS: Spiers discloses both 09:
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capabilities. It does not in any way tell us that 09:
only one of them can be used. 09:
BY Ms. ZHONG 09:
Q "' mnot saying only one is used. |[|'m asking 09:

in the normal operation, which one is accessed 09:
first? 09:
A | don't know what you nean by "nor nal 09:
operation."” It's a conmputer. It has software. It 09:
has the capability to i ndependently access either 09:
menory system 09:
Q For "normal operation," that neans the 09:
storage device operates normally, there is no fault. 09:
A. It has the capability to read either menory, 09:
dependi ng on what the software that's running on the 009:
mai n processor chooses to do. 09:
Q. So you did not consider how actually Spiers 09:
operates, which device it accesses first when both 09:
the storage device and the backup device are 09:
avai |l abl e? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: |'m not sure what you're 09:
referring to, but in any case, that would be a 09:
single circunstance. | took the entirety of the 09:
di scl osure of Spiers, including the capabilities 09:
that were taught with respect to the backup device 09:
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in Figure 10 and Figure 11. 09:
BY Ms. ZHONG 09:
Q. Okay. And the fact is you did not consider 009:
Figure 3; correct? You considered that to be a 09:
different enbodi ment fromFigure 5; is that correct? 009:
MR. CHANDLER: Object to form 09:

THE W TNESS: Figure 3 enconpasses many 09:

enbodi nents. It's a general diagram Figure 5 09:
enbodi nent is specific to the capabilities that are 09:
shown in Figures 10 and Figures 11. Those need not 09:
be present for other enbodi nents that may be 09:
enconpassed by Figure 3. 09:
BY Ms. ZHONG 09:
Q Okay. So is Figure 5 a specific exanple of 09:

t he backup device in Exhibit 37 09:
A. It's a backup device of one enbodi nent of 09:

t he invention. 09:
Q. Did you consider Figure 3? 09:

MR. CHANDLER: Objection. Form 09:

THE WTNESS: | considered the entirety of 09:

t he patent, but Figure 3 is not really critical to 09:
my opinion because nmy opinion is about backup device 009:
144, which is only shown as a single block in 09:
Fi gure 3. 09:
Il 09:
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BY Ms. ZHONG 09:
Q Okay. And so you did not consider how 144 09:
operates in the entire systenm correct? Because 09:
it's not inportant to your anal ysis? 09:
MR. CHANDLER: Object to form 09:
THE WTNESS: No, that's wong. | 09:
considered how it operates in the entire system 09:
i ncludi ng the disclosures of Figures 10 and 11 and 09:
how t hey worked together with the disclosures of 09:
Figure 4 and Figure 5. 09:
BY Ms. ZHONG 09:
Q And did you consider how 144 works with 148 09:
and 1407 09:
A. No, not really, because there's an 09:
i ndependent description of the capabilities of the 09:
storage controller's interactions with backup device 009:
144, and that's sufficient to neet the elenments that 09:
| needed for the claim \Wether or not it also has 09:
the capability of interacting with other devices 09:
wasn't necessary for ne to form ny opinion. 09:
Q What is the typical size of the wite-back 09:
cache?
A There's no -- 09:
MR. CHANDLER: Objection. Form 09:
THE W TNESS: There is no typical size. The 09:
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size is selected based on the requirenents of a 09:
particul ar system 09:
BY Ms. ZHONG 09:
Q. So for Spiers' system any idea what the 09:
range of the size for the wite-back cache 1487 09:
A | don't recall Spiers limting it in any 09:
way. 09:
Q So at the tine of the invention, what is a 09:
typical wite-back cache for a disk drive? 09:
A. | don't recall. And, again, it wouldn't 09:
have i npacted ny opi nion. 09:
Q And is a disk drive controller a nenory 09:
controller? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: A disk -- what do you nean by 09:

a "disk drive controller"? 09:
BY Ms. ZHONG 09:
Q. For exanple, a hard drive disk controller. 09:

A That's not hel pful for me. There are 09:

di fferent kinds of devices that one m ght refer to 09:
with those words. 09:
Q What is your understanding of a "disk drive 09:
controller"? 09:
A. Most commonly, | would understand that to be 09:

the m croprocessor that is enbedded in a disk drive. 009:
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Q And what is the storage controller in 09:
Figure 3 of Spiers? 09:
A. I think the nost |ikely understanding of a 09
person of ordinary skill is that it's an ordinary 09:
nM croprocessor. 09:
Q. Is that a nmenory controller? 09:

A It would incorporate a nmenory controller to 009:
access nenory. 09
Q And do you consider the processor on the PCl 09:
card a nmenory controller as well? 09:
A. I think we went over this yesterday. No, 09:

but it would incorporate one or nore nenory 09:
controllers. 09:
Q And is the storage controller 132 a nenory 09:
controller then, or it just includes -- may include 09:
a nmenory controller? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: The storage controller would 09:

be a m croprocessor system It would include a 09:
menmory controller, but it would also include things 09
that are not a nenory controller. And at that time, 009:
it could be one chip or it could be nmultiple chips. 09:
BY Ms. ZHONG 09:
Q Vhat is a nmenory controller? 09:

MR. CHANDLER: Objection. Form 09:
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THE W TNESS: Again, it depends on context, 09:

but in the context of an ordinary m croprocessor, 09:
it's the interface that provides the timng and 09:
control signals to nenory. 09:
BY MS. ZHONG 09:
Q So for the DRAMs on the PCI card, what is 09:

t he device that provides the timng and control 09:
signals to the nenory? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: A portion of processor 198. 09:

BY Ms. ZHONG 09:
Q Does the storage controller provide the 09:
timng and control signals? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: To sonet hing, yes. 09:

BY Ms. ZHONG 09:
Q. Does the storage controller provide timng 09:

and the control signals to the SDRAMs on the PC 09:
card? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: No. 09:

BY Ms. ZHONG 09:
Q Does the storage controller 132 provide 09:
timng and control signals to the NAND flash on the 09:
PCI card? 09:
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MR. CHANDLER: Objection. Form 09:

THE W TNESS: No. 09:

BY Ms. ZHONG 09:
Q Does the nmenory controller in 132 -- let me 009:

wi t hdraw and ask. 09:
So your answer just now includes the nenory 009:
controller that's included within the storage 09:
controller; is that correct? 09:
A. | don't understand the question. 09:

Q Ckay. You said that the storage controller 009:

132 includes a nenory controller -- in-nenory 09:
controller; correct? 09:
A Yes. 09:

Q Okay. So does the nenory controller within 09:

the storage controller

contr ol

signals to the NAND flash on the PCl card? 09:

BY MS. ZHONG

contr ol

/

/

Q

storage controller

/

MR. CHANDLER: Objection. Form 09:

THE W TNESS:  No. 09:

09:

Does the nenory controller within the 09:

132 provide the timng and 09:

signals to the SDRAM on the PClI card? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: No. 09:

09:
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BY Ms. ZHONG 09:
Q And so the only nenory controller that 09:
provides the timng and control signals to the SDRAM 009:
and the NAND flash on the PClI card is the nmenory 09
controller within processor 198 on the PClI card; is 09:
t hat correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: There would likely be nmultiple 09

menory controllers within 198, one for the NAND 09
flash and one for the SDRAM 09:
BY Ms. ZHONG 09:
Q Okay. So the nmenory controllers that 09:
provide the timng and the control signals to the 09:
menories on the PCl card, are those residing within 09:
processor 198? |Is that fair? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS:  Yes. 09:

BY Ms. ZHONG 09:
Q. I n your analysis of Spiers, did you rely on 09:

any interface other than the PCl interface? 09:
A Yes. 09:

Q Whi ch interface? 09:

A | rely on the nmenory interfaces as well and 009:

on the PCl detector. W'd have to go through the 09:
entirety of ny analysis, but certainly there are 09:
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interfaces in nunmerous places between chips. 09:
Q When you say "the PClI detection interface,"” 009:
that's still for the PCl, isn't that? 09:
A. It's really for the power supply. | guess 09:

it cones over the PCl connector, but not normally 09:
what we would think of as part of the PCl bus. 09:
Q. Okay. So maybe it's poorly phrased. 09:
VWhen |"'m saying |like a "PCl interface,"” are 09:

you relying on any -- so, for exanple, for the 09:
limtation of plurality of edge connection, you are 09:
only relying on the PCl-X connections for that 09:
limtation; is that correct? 09:
A Vhat claimis that? 09:

Q Claim1, for exanple. 09:

A Correct. But | will note that that's 09:

di fferent | anguage; that that is power, data, 09:
address and control signals between the nmenory 09:
nodul e and the host system It's not provided to 09:
t he menory devi ces. 09:
Q. Okay. So for the interface between the host 09:
system and the -- whatever you call the nodule, the 09:
PCl interface is the only one that you relied on; is 009:
t hat correct? 09:
A Correct. The nodule is the PClI card, and 09:

the PCI connector is the interface that enclosed a 09:
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plurality of edge connections. 09:
Q And so you're not relying on any other types 09:

of nmodul e powers? 09:
A Not for Spiers, no. 09:

Q Okay. And the only PClI standard that you 09:
relied on in your declaration is Exhibit 1031; is 09:
t hat correct? 09:
A That's the exenplary one that | gave, but -- 09:

Q Did you rely on any other PClI specification 009:

for your analysis? 09:
A Well, Spiers discloses PClI in general, so a 009:
skilled artisan would have been aware of all the PCl 09:
specifications that were known at the time, but I 09:
did use the PCl 2.2 specification as an exanpl e. 09:
Q. Okay. And | think yesterday | asked you 09:
whet her you were aware of the fact that PClI Express 09:
did not have a 5 volt supply voltage rail, and you 09:
said you don't know one way or the other. 09:
Remenber that exchange? 09:

A Yeah. | believe that's incorrect as | think 09:
about it nmore. | don't think it uses any 5 volt 09:
signaling, but ny recollection is that the PCl-X did 009:
have a 5 volt supply rail. 09:
Q Did you I ook up the PCI Express standard or 09:

the PClI Express data sheets? 09:
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A. Not recently, no.

Q Okay.

A. But | do -- | thought | had seen it in
of the exhibits. | believe it's referenced in

Exhi bit 2016.
Q. Okay. \Where in Exhibit 20167
A Page 8, there's a section called "Powe
Vol t age" where it says:
"Al'l PCl systemslots are required
to deliver +5 and +3.3 volt power
I ndependently of their 5 volt or
3.3 volt signaling system"”
Q Yeah. Those are PClI, which is up to 3
It doesn't include PCI Express.
A It says "all PCI" and certainly nost o
docunent is discussing PCl-X
M5. ZHONG PCl -- | don't believe so.
Let's take a look at it.
Can you pl ease open up Exhibit 2102 in

Exhi bit Share.

(Exhibit 2102 marked for identificatio
VMR. CHANDLER: | don't see it.
THE W TNESS: | don't either. Did it

put into a different directory?

MS. ZHONG Yeabh. There is a March 13

09:

09:

one 09:

09:

09:

09:

ring 09:
09:

09:

09:

09:

09:

. 0. 09:
09:

f this 09:
09:

09:

09:

09:

09:

n.) 09:
09:

get 09:
09:

09:
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directory.

MR. CHANDLER

noment, pl ease. 09: 30
THE W TNESS: Yes. What's the question? 09: 30

MR. CHANDLER: One nonent, please. 09: 30

BY Ms. ZHONG 09: 31
Q. Do you see that in Exhibit 2102, there 09: 31

are only two power rails, 12 volts and 3.3 volts, 09: 31
but not a 5 volt one? 09: 31
MR. CHANDLER: One nonent, please. 09: 31

Okay. | have it. Go ahead. 09: 31

THE WTNESS: Yes. But this is about PCl 09: 31

Express. PCl Express is a conpletely different 09: 31
standard than PCI-X 09: 31
BY Ms. ZHONG 09: 31

Q. | thought you said yesterday we were tal king 09: 31
about PClI Express. 09: 31
A No. PCl-X 09: 31
Q. Okay. |Is PCl-X the same as PCl? 09: 31
A. No. It's a higher bandwi dth solution that's 09: 31
avail able -- | nean, it's a flavor of PCl. It's one 09:32
of the variations of PCl, as one can see in 09: 32
Exhibit 2016, but it was designed for servers. 09: 32
Q Okay. And is PCl Express considered a 09: 32
flavor of PCl, or that's also totally different than 09:32
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PCl ? 09:
A PCl Express was considered a repl acenent 09:
rather than an evolution. It used a conpletely 09:
different theory of operation. There was zero 09:
conpatibility. 09:
In fact, if we |look at Exhibit 2016, it 09:

descri bes PCl-X as a high performance evol uti on of 09:
conventional PClI, and PClI Express as a repl acenent. 09:
Q Ckay. But as you say, PCl-X and PCI are two 09:

di fferent species; correct? 09:
A Two di fferent what? 09:

Q Speci es. 09:

MR. CHANDLER: Speci es? 09:

BY Ms. ZHONG 09:
Q Correct. 09:

A They are variations on the PCl standard. 09:

Q. You did not -- your analysis relies on 09:
Exhi bit 1031; correct? 09:
A | gave Exhibit 1031 as an exanple of a PCl 09
specification that would be suitable for use with 09
Spi ers. 09
Q Ckay. And you did not cite PCl-X anywhere 09

in your declaration; correct? 09
A | don't think | did, no. 09

Q Okay. \What is an "add-in card"? 09
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MR. CHANDLER: | didn't hear the word. 09:

M5. ZHONG.  Add-in card. 09:

THE WTNESS: | would need context again, 09:

but that termis often used with conputers to refer 09:
to a renovable circuit board or an optional circuit 09:
boar d. 09:
BY Ms. ZHONG 09:
Q So in the context of Exhibit 1031, 09:
section 1.1. 09:
A. Let me look. Are you tal king about the 09:
phrase "peripheral add-in boards"? 09:
Q Correct. 09:

A. A peripheral is usually sonme type of an 09:

i nput/out put device that would be connected to a 09:
conputer. So a peripheral add-in board would 09:
presunmably be a board that includes a peripheral or 09:
a board that acts as an interface to a peripheral. 09:
Q. It's not referring to what we usually call a 09:

PCl card, is it? 09:
A. Oh, yes. All three of these are three 09:

di fferent kinds of PClI cards; a peripheral 09:
controller, a peripheral board or a processor nmenory 009:
system 09:
I"'msorry. Let me correct that. The 09:

conpl ete phrase "highly integrated peripheral 09:
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controll er conponents” | think is designed for PCl 09
conponents that are not on a card. Peripheral 09
add-in boards and nmenory cards woul d be on cards. 09
Q Peri pheral add-in boards, those are the 09
renovabl e PCl cards? 09
A That is one kind of renmpovable PCI card. You 09:

can al so have a nenory card or a processor card. 09:
Q. Can you pull up Exhibit -- et me see which 09:

one is Hajeck. Exhibit 1033. 09:
A. Haj eck is 1038. 09:

Q Sorry. M handwiting is really bad. 09:
Exhi bit 1038. 09:
A Okay. 09:

Q I n Exhibit 1038, when the voltage detection 09:
circuit detects an anomaly, it sends the ready and 09:
busy signal back to the host system correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Yes, it does. 09:

BY Ms. ZHONG 09:
Q. Okay. So the busy signal is never sent to, 009:

for exanple, the controller 40. 09:
A. Not directly. 09:

Q So the busy signal -- Hajeck doesn't really 009:

di scl ose sending the busy signal to controller 40; 09:
correct? 09:
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A Not directly. 09:

Q The busy signal is not sent to controller 09:

40; correct? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Not directly. 09:

BY Ms. ZHONG 09:
Q. Does controller 40 receive the busy signal 09:
sent fromthe voltage detection circuit? 09:
MR. CHANDLER: Objection. Form 09:

THE W TNESS: Not directly, but eventually 09:

it would be informed by the host that it should 09:
conplete its operation in response to the ready-busy 09:
signal . 09:
BY Ms. ZHONG 09:
Q. Okay. But it's not the busy signal that is 09:
sent fromthe voltage detection circuit, it's from 09:
ot her command; is that right? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: It's not the physical direct 09:

signal 38, but it would be in response to 38. 09:
BY Ms. ZHONG 09:
Q And what is a "charge punmp"? 09:

A. A charge punmp is a type of swi tching power 09:
inverter, usually for switching froma | ow vol tage 09:
to a higher voltage. 09:
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Q So it's nore -- 09:

A. |"msorry. But a charge punp can al so be 09:
used to switch the plurality of a voltage as well 09:
frompositive to negative or negative to positive. 09:
Q So it's a bit |ike a heat punmp? 09:

A In a very abstract way. It does -- it punps 09:
charge in and out of a capacitor and in doing so, 09:
can alter the voltage current characteristics of the 09:
power system It's not punping fromin to out. It 09:
punps internally. 09:
Q Is a charge punp a buck boost converter? 09:

A It's simlar, but | don't think it's -- 09:
meets the textbook definition of a buck boost 09:
converter. 09:
Q Vhat is your textbook definition of a buck 09:
boost converter? 09:
A. A textbook buck boost converter woul d depend 09:

on an inductor. A charge punp can't operate with 09:
capaci tors al one. 09:
Q. So is a charge punp a switched capacitor 09:
converter then? 09:
A. Yes. | would consider it to be a type of a 009:
swi t ched capacitor converter. But it is defined 09:
rather broadly within the Hajeck reference as a DC 09:
step up/step down converter. 09:
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Q Uh- huh. But to a POSI TA when they see the 09:
word "charge punp,” they don't really consider that 09:
to be a buck boost converter? 09:

MR. CHANDLER: Objection. Form 09:

THE W TNESS: | ndependently of any 09:
addi ti onal teaching, that probably is true. But | 09:
think in the context of Hajeck where he broadly says 09:
that it conprises a DC step up/step down converter, 09:
DC-to-DC step up/step down converter, a POSI TA would 009:
read it as being any type of step up/step down 09:
converter. 09:
BY Ms. ZHONG 09:

Q Is a switched capacitor converter a step 09:
up/ step down converter? 09:

A It can be. 09:

Q. So in Hajeck, how does the operating node of 09:
the menory subsystem change in response to the 09:
detection by the voltage detection circuit? 09:

A It conpletes any wite operations in 09:
progress, it backs up any configuration data stored 09:
in volatile nenory, and it can conplete a shutdown 09:
sequence. 09:

Q And does it switch -- let ne ask it this 09:
way . 09:

If there is no voltage anomaly detected, the 09:
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charge punp provides the power supply voltage; is 09:
t hat correct? 09:
A. The controller and possibly two ot her 09:

el ements woul d suggest that there may be ot her 09:
el ements that are supplied in a different way as 09:
wel | . 09:
Q. Okay. So at least as far as the el enents 09:
that's shown in figures -- like for the 09:
controller that's shown in -- |let nme withdraw and 09:
ask it this way. 09:
So at least with respect to the conponents 09:

shown in the non-volatile menory subsystem 30 in 09:
Figure 1, the charge punp supplies the power supply 09:
vol tage when the voltage detection circuit doesn't 09:
detect any anomaly; is that right? 09:
A. | don't think that's what it says. It says 009:
that it supplies the power to disk drive controller 09:
40 and possibly other active conponents. 09:
Q. Such as volatile nmenory used as a buffer? 09:

A. Right. MWhich at least in Figure 1 is not 09:
shown. 09:
Q And after the detection of a voltage 09:
anomal y, the charge punp continues to supply the 09:
power; is that correct? 09:
A. For at least a mnimumtime period. 09:
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Q And according to Hajeck, as long as the V-in 09:
exceeds 0.7 volts -- 09:
(Clarification requested by Reporter.) 09:
BY Ms. ZHONG 09:
Q So according to Hajeck, as long as the V-in 009:
exceeds 0.7 volts, the charge punp is capabl e of 09:
mai ntai ning the VREF at 5.4 volts indefinitely; 09:
Correct? 09:
MR. CHANDLER: Are you reading from 09:
sonmet hi ng? | nean, are you reading the docunent? 09:
M5. ZHONG  Yes. It's Exhibit 1038 columms 09:
3, lines 6 to 10. 09:
DEPCSI TI ON REPORTER:  Thank you. That's 09:
very helpful. | appreciate that. 09:
THE WTNESS: Can | answer? 09:
BY Ms. ZHONG 09:
Q Sure.
A That is true in one enbodi nent that's 09:
described in colum 3. 09:
Q. Okay. So at |east Hajeck's teaches a way 09:
where the charge punp can maintain the required 09:
voltage regulation indefinitely as long as the in 09:
exceeds a 0.7 volt threshold; is that right? 09:
A. Haj eck does teach one enbodi nent that does 09:
t hat . 09:
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Q How does the charge punp serve to protect
the controller 40 and other circuit from damge
caused by voltage surges and spi kes?

A. Let nme think of a reasonably sinple way to
do this. The charge punp does not pass V-in to the
di sk drive controller. |Instead, it accunul ates the
energy fromV-in into a capacitor and then sw tches
t hat energy out, and, therefore, there's an energy
reservoir. So sonething |like a spike would be
diluted in that reservoir and woul d not be passed
t hr ough.

Q So as far as the charge punp itself is
concerned, it can operate normally even if there is
a voltage surge or spike; is that right?

A Dependi ng on the characteristics of the
surge or the spike. |If it's large enough, it would
damage the charge punp. But if it's small enough,
then the charge punp potentially could stay within

its normal operating paraneters.

Q. So if the surge or spike is |arge enough and 09:

it damages the charge punp, the charge punp won't be 009:
able to serve the purpose of protecting the 09:
controller 40 and other circuit from damages caused 09:
by vol tage surges and spi kes; correct? 09:
A Yes. | think that's true of all circuits. 09:
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If this gets hit by lightning, it's going to be 09:
damaged. 09:
Q. Okay. So if the charge punp serves its 09:

pur pose of protecting controller 40 and ot her 09:
circuits from damge caused by vol tage surges and 09:
spi kes, that is an indication that the voltage surge 009:
and spike is really not a problemas far as the 09:
charge punp is concerned, it can absorb the excess 09:
charges? 09:
MR. CHANDLER: Objection. Form 09:

THE WTNESS: There will be sonme set of 09:

spi kes and surges that can be absorbed by the charge 009:
punmp. That doesn't nmean there is not a problem 09:
Sonmetimes those can be indicative of upcom ng 09:
probl ens. 09:
BY Ms. ZHONG 09:
Q. So in Hajeck's case, before and after the 09:
detecti on of an input undervoltage or overvoltage, 09:
there is no switching of the power supplies; is that 009:
ri ght? 09:
A. Did you say before or after? 09:

Q Bef ore and after, yes. 09:

A Well, after there is an indication that 09:
there's a shutdown, so that would certainly indicate 09:
to nme that everything is being shut down, the entire 009:
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comput er. 09:
Al so, Haj eck contenplates that some of the 09:

anomal ies may be a | oss of power, in which case the 09:
power supplies are maintained for a m ni num period, 09:
but then they're shut down. 09:
Q. Okay. But during that period it's -- the 09:
power is supplied by the charge punp as before 09:
detection of the anomaly; is that right? 09:
A Well, there are two enbodi nents. There is 09:

one where it is supplied by the charge punp and 09:
there is another one in which a battery takes over 09:
to provide additional time for shutdown. 09:
Q But even during that second enbodi ment, the 09:
charge punp still supplies the -- still continues to 009:
supply the voltage; correct? 09:
MR. CHANDLER: Object to form 09:

THE W TNESS: Long enough to conplete 09:

out st andi ng operations, but subsequent things such 09:
as the shutdown sequence may need to happen on a 09:
battery. 09:
BY Ms. ZHONG 09:
Q The battery and the capacitive array is just 09
used to extend the operating tine -- it's just to 09
extend the tinme duration for which backup power is 09
provided; is that right? 09
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A Yes. VWhich in sonme enbodi ments allows it to 09:
perform addi ti onal operations. 09:
Q. And the charge punp is used throughout that 009:
entire period; is that right? 09:
A. No. No. The charge punmp will fail and the 09:
battery will take over. 09:
Q. VWhen you power a regulator froma super cap 09:

as in Spiers, does the input voltage for the 09:
regul ator change as the super cap gets discharged? 09:
A. It does, but for the nost part that change 09:

is de mninus. 10:
Q When you say "for the nobst part," how -- 10:
what time period? 10:
A Typically, the bulk of the operating tine. 10:
Again, it depends how you make deci sions about your 10:
system but it will degrade over tine just like a 10:
battery. And |like a battery, typically it will be 10:
very close to a nom nal voltage during nost of the 10:
time that you would want to use it, and then when it 10:
starts to drop significantly, you would want to stop 10:
using it. 10:
Q Ckay. So if the super cap is used to 10:
operate a 5 volt to 3.3 volt regulator, is that an 10:
i ndication that the super cap is |arge enough to 10:
provi de sufficient power for the backup device? 10:
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MR. CHANDLER: Objection to form 10:

THE WTNESS: | don't see what the 10:
relationship is. But one would presumably choose a 10:
super cap of appropriate size to provide back -- the 10:
necessary anmount of backup power, whether it's 10:
regul ated or not. 10:
In this case, it is going to be regul ated 10:

down to 3.3 volts, which means that it would |ikely 10:
continue to provide power until the super cap 10:
vol tage got close to 3.3 volts. 10:
BY Ms. ZHONG 10:
Q What |'m saying that if they choose a 10:
regulator that is 5 volts to 3.3 volts, is that an 10:
i ndication that the designer believes that the super 10:
cap will be sufficiently charge -- will have enough 10:
capacity to maintain the input voltage of 5 volts 10:
for the duration needed for the backup operation? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: Well, let nme say two things. 10:

One is | think the marking 5 volts to 3.3 volts is 10:
nomnal. That is the inversion while it is 10:
operating off of post power, but | believe that if 10:
the regulator is a normal common regulator, it's 10:
going to be able to output 3.3 volts over sonme range 10:
of inputs, probably higher than 5 volts and probably 10:
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down to sonething close to 3.3 volts. 10:
So | wouldn't -- as a person of ordinary 10:

skill wouldn't read that to indicate that that 10:
regul ator always needs exactly a 5 volt input. 10:
But, as | nentioned before, the person would 10:
perform an energy analysis to detern ne the 10:
appropri ate super cap size, and provide a super cap 10:
t hat provides the appropriate anmount of energy or 10:
more. | don't think the regulator is a significant 10:
i npact to that analysis. You would use the 10:
regulator's shutoff m ni mum voltage, which again 10:
here is probably 3.5 or 3.6 as a factor in that 10:
cal cul ati on. 10:
BY Ms. ZHONG 10:
Q If you have a linear regulator, can you 10:
convert 3.6 to 3.3 volts with high efficiency or you 10:
can't do that? 10:
MR. CHANDLER: Objection. Form 10:

You said "linear"? |Is that what you said? 10:

BY Ms. ZHONG 10:
Q Yes. 10:

A. It would depend which |inear regul ator. 10:
There are linear regulators that could, | believe, 10:
convert 3.6 volts to 3.3 volts. 10:
It depends what you nmean by "high 10:
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efficiency." Wuld it be higher than a sw tching 10:
regulator? It would depend on the actual currents 10:
i nvol ved and the design of the particul ar 10:
regulators. It would be -- converting 3.6 volts to 10:
3.3 volts with a linear regulator is nore efficient 10:
t han converting 20 volts to 3.3 volts with a linear 10:
regul ator, but again, these are mat hemati cal 10:
anal yses that have to do with the specifications of 10:
t he exact part that an engineer would ordinarily do 10:
in choosing a regul ator. 10:
Q | thought you nentioned yesterday that 10:
converting 3.6 volts to 3.3 volts using a buck 10:
converter, there could be some difficulties; is that 10:
correct? 10:
A Converting 3.3 volts to 3 -- I'msorry, 10:
converting 3.6 volts to 3.3 volts using either a 10:
buck converter or a linear regulator, there could be 10:
some difficulties. You would have to choose one 10:
that has the appropriate | ow voltage drop 10:
properties. Those are known, but you would have to 10:
go to the extra effort of choosing one that was 10:
suited for that particular situation. 10:
VWhat | nentioned yesterday was that if the 10:

i nput vol tage dropped below 3.6 to 3.3, that that 10:
woul d be difficult to do with a buck converter, but 10:
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it would al so be inpossible to do with a |inear 10:
regul ator. 10:
Q At the time of the invention, when you hear 10:

the word "LDO " that usually refers to a |linear 10:
regulator; is that right? 10:
A If by "usually" you mean nore often than 10:
not, then that's probably true. But | believe that 10:
there were data sheets at the time for swtching 10:
regul ators that called them LDO and al so for |inear 10:
regul ators that called them LDO. 10:
M5. ZHONG  Janis, ny question is at the 10:

time of the invention, not in the part of the 10:
i nvention. 10:
DEPCSI TI ON REPORTER:  Thank you. 10:

BY Ms. ZHONG 10:
Q. What is the amount of current that goes 10:

t hrough term nation resistors for DDR2? 10:
A. DDR2. Let nme see if that's in the spec. 10:

| don't recall the exact term nation 10:

resi stor value off the top of my head for DDR2, but 10:
in any case, the current would depend on the 10:
incom ng signals and the nunber of incom ng signals 10:
and their values. It would vary over tine. 10:
Q How did it depend on the incom ng signals? 10:

A. They' re very conplicated. But the 10:
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termnation resistance is part of a circuit and one 10:
side of that circuit is the incom ng signal. For 10:
the term nations that are powered by VTT, those are 10:
address and control signals, and dependi ng on 10:
whet her a particular line is at a zero voltage or at 10:
a 1.5 voltage or 1.8 voltage, the current would be 10:
di fferent. 10:
But because they are changing so rapidly, 10:

you can't really just analyze themin a steady 10:
state. You have to analyze themby -- through an 10:
integral, so you would need a particul ar sequence of 10:
patterns on each signal and you would need to 10:
performa sinmulation with a circuit sinulator that 10:
has an accurate nodel of the transm ssion |line 10:
properties of the wring. 10:
Q. But on average, it is expected that half the 10:
time, the VDD will be -- half the time the voltage 10:
on the transmtter side will be at VDD and the other 10:
half of the tinme, it will be at zero. So -- 10:
A. Okay. Finish your question, please. 10:

Q Go ahead. 10:

A No. That's not true for address and 10:
command, in particular. Right? So it may be 10:
that -- that would require that you are using all of 10:
the commands in equal proportion, which would be 10:
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unlikely, and it would require that you use every 10:
| ocation in nmenory with equal |ikelihood, which is 10:
al so unlikely. 10:
Q. Okay. Do you have any idea what is the 10:
range of the current for the signal line for address 10:
command and card signal |ine? 10:
MR. CHANDLER: Objection. Form
THE WTNESS: No. It depends on how many 10:
pins are being used in a particular enbodi nrent, how 10:
much menory there is, how nmuch nenory traffic there 10:
is, the speed at which the nenory is operating, the 10:
particul ar selection of term nation resistor. | 10:
believe there was a choice of selections for DDR2. 10:
So it's a very conplicated analysis and 10:
depends on | ots of design decisions, and it's 10:
typically sonething that nobody would try to conpute 10:
by hand. You would -- you would build a nodel and 10:
feed it through sinulation tools. 10:
BY Ms. ZHONG 10:
Q. Do you have any idea what its range m ght 10:
be? 10:
MR. CHANDLER: Objection. Form 10:
THE W TNESS: No, because you can build all 10
ki nds of different systens, right? You can build 10
systenms that range at very different speeds, that 10
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have very different utilization; so, no, | don't. 10:
BY Ms. ZHONG 10:
Q. What about for Harris FB-D MW? 10:
A. Again, there's a great range of 10:
i npl enentations, and it would depend on a | arge 10:
number of design decisions as to what the actual 10:
value is or what the actual value range is. 10:
Q. And in your proposal, the VIT is for 10:
termnating the transm ssion |ines between the AMB 10:
and the DDR2 devices in Harris; is that right? 10
MR. CHANDLER: Objection. Form 10
THE WTNESS: | may have mi ssed part of the 10:
guestion. It's used to term nate the address 10
command lines just as it is in the DDR2 and DDR3 10
standards, or DDR2 standard with respect to Harris. 10:
BY Ms. ZHONG 10
Q. And the term nation point is for the address 10:
and the control signals sent by the AMB to the DDR2; 10:
is that correct? 10:
A. Correct. And the other -- yes. 10:
Q And you're not proposing to use 10:
t he on-nodule VTT regulator for the term nation of 10:
the signal --
(Clarification requested by Reporter.)
Il
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BY Ms. ZHONG

Q And you are not proposing to use an 10:
on- nmodul e voltage regul ator to provide the 10:
term nation voltage for the information exchanged 10:
bet ween the nmenory controller on the host systemand 10:
the FB-DIMM is that right? 10:
MR. CHANDLER: Objection. Form 10:
THE W TNESS: To the extent that those are 10:
on-die termnators in the buffer, they would be 10:
powered by the VDDQ signal, | believe. 10:
BY Ms. ZHONG 10:
Q And for the Spiers grant, the VIT is for 10:
termnating the address command and the cl ock 10:
information fromthe processor 198 to the DDR2 or 10:
DDR3; is that right? 10:
A Yes. 10:
Q. And it's for termnating fromthe processor 10:
to the nodule -- 10:

MR. CHANDLER: Objection. Form

BY Ms. ZHONG

Q -- is that right? 10:
MR. CHANDLER: Objection. Form 10:
THE WTNESS: It's fromthe processor to the 10
DRAMs on the board, on the nenory nodule. Whether 10
those DRAMs are directly on the PClI board or whether 10
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they' re on daughter boards. 10:
BY Ms. ZHONG 10:
Q So if the DRAMs are on the daughter DI WM 10:
boards, where will the term nating resistors be? 10:
A. Where will the termnating resistors -- if 10:

t he SDRAMs are on daughter boards, then the 10:
termnating resistors -- it would depend how you 10:
hook up the SDRAM  They could be on the main board 10:
or -- | nmean, they could be on the PCl card or they 10:
coul d be on the daughter boards, depending on what 10:
ki nd of SDRAM you chose. 10:
Q | sai d DDR2. 10:

A. "Il ook at the DDR2 spec. You would have 10:

to nodel the wiring stubs in the interconnect and 10:
see which are the best solutions, but certainly, you 10:
could put themdirectly next to the DRAM chips. | 10:
think in certain circunmstances, you could put them 10:
on the board as well. 10:
Q. | guess a nore germane question is where 10:
will the regulators be placed? WII| the regulators 10:
be placed on the notherboard or on the daughter 10:
boar d? 10:
A. They will be placed -- 10:

MR. CHANDLER: Object to form 10:

THE WTNESS: -- on -- they will be placed 10:
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on card 144. Because the daughter boards are 10:
optional. They're not required. 10:
BY Ms. ZHONG 10:
Q. So if 190 is a nmenmory nodule, which it is 10:
there, where will the regul ators be placed? 10:
A They' Il be placed on 144 because 144 is 10:
still a nmenory nodule, even if the menory -- whether 10:
the menories are directly nounted on it or whether 10:
t he menories are nounted on daughter boards. 10:
Q Even if the termnation resistors are placed 10:

on the daughter board? 10:
A. Yes. It would still be a nmenory nodul e. 10:

Q What does that have anything to do with 10:
whet her the PCl is a nenory nodule or not? 10:
MR. CHANDLER: Objection to form 10:

THE W TNESS: Because this patent is about 10:

menmory nodul es that have voltage converters on it 10:
and Spi ers discl oses one. 10:
BY Ms. ZHONG 10:
Q. Setting aside the fact that you are trying 10:

to do an invalidity analysis of the '918, |I'mj ust 10:
t al ki ng about Spiers itself, how you would be doing 10:
t he design for Spiers. 10:
So in the context of Spiers' PCl and with 10:

DRAMs nounted on the nodule 190, and if the 10:
Page 242

19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21

21

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 242




N

A W

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

25

termnation resistors are on the daughter board, 10:
what woul d be the advantage of having VIT be 10:
supplied fromthe notherboard instead -- fromthe 10:
PCI board instead? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: There woul dn't necessarily be 10:

an advantage, but it is what's taught by Spiers. 10:
BY Ms. ZHONG 10:
Q Where does Spiers tal k about supplying VIT 10:

on the PClI board? 10:
A. Spi ers tal ks about having all of its 10:
regul ators on the PClI board. And a person of 10:
ordinary skill would understand that if you needed 10:
nore vol tages, you would have nore regul ators and 10:
you woul d operate themin the same manner. 10:
Q. Spiers did not discourage of having 10:
regul ators on the DRAM board -- on the DI MM board; 10:
correct? 10:
MR. CHANDLER: Objection. Form 10:

THE W TNESS: Spi ers does not di scourage 10:

that, no. But it also doesn't teach it. 10:
BY Ms. ZHONG 10:
Q Okay. And would a POSITA know that you can 10:

pl ace regul ators on the DI MM boar d? 10:
MR. CHANDLER: Objection. Form 10:
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THE WTNESS: If they were nonstandard DI MM 10:

boards -- if they were standard unbuffered DDR2 or 10:
DDR3 DI MM boards, then they woul d not have 10:
regulators. But certainly, a person of ordinary 10:
skill would know that one could have a menory DI MM 10:
with on-board regulators at that time. A person of 10:
ordinary skill would also know from Spiers that one 10:
could put regulators on a PCl card. 10:
BY Ms. ZHONG 10:
Q Ckay. And so they know that there were two 10:
options. So what woul d be the advantage of having 10:
the VIT voltage be generated on the PClI card versus 10:
be generated on the DI Mw? 10:
MR. CHANDLER: Object to form 10:

THE W TNESS: Well, presunmably by the tinme 10:

of the invention, a person of ordinary skill would 10:
have known that the cheapest option would have 10:
sinply been to put SDRAM chi ps on the PClI card and 10:
not to have a DI MM 10:
The nmotivation at that tine in this 10:
particul ar design to use a DI MM nodule for 190 would 10:
probably be if it was a commodity existing nodul e. 10:
Since you're already designing board 144 for your 10:
own purposes, that would be the | ogical place to 10:
deviate fromthe standards and apply the teaching of 10:
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Spi ers because you're selecting all the conponents 10:
anyway. 10:
BY Ms. ZHONG 10:
Q. If you have the DRAMs directly on the PC 10:
board, how do you have the 64-bit w de bus? 10:
A Well, a person of ordinary skill would 10:
understand the 64-bit-w de bus is exenplary and 10:
certainly not a requirenent. 10:
But if you chose to have a 64-bit-w de bus, 10:

you would sinply, for exanple, choose four 10:
16- bit-wi de SDRAM chi ps and operate themin 10:
parallel, or two 32-bit-w de SDRAM chi ps and operate 10:
themin parallel. 10:
Q Wuld it have the sanme capacity as if you 10:
used nmodul es instead? 10:
A. You could certainly have a very small nunber 10:

of DDR3 chips that would have the sanme capacity as 10:
an SDR nodul e or even four SDR nodul es. 10:
Q. So you are assuming 190 is an SDR DRAM 10:
nodul e? 10:
MR. CHANDLER: Objection. Form 10:

THE WTNESS: No. But if you want to talk 10:

about the sanme capacity, you have to conpare two 10:
different things so that is just an exanple. 10:
You coul d have DDR3 chi ps on a board that 10:
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have the sane capacity as a DDR2 nodule -- a 10:
coll ection of two DDR2 daughter board nodules. It's 10:
really just a matter of engineering conveni ence at 10:
that point as to where you put the chips, whether 10:
you put them on a separate board or whether you put 10:
themon the PCl card. And it was very comon to put 10:
menmory chips on a PCl card. G aphics cards did it 10:
all the tine. 10:
BY Ms. ZHONG 10:
Q " mjust kind of confused. 10:

Why do you have to conpare the single DDR3 10:

chip with a different generation of a DDR nodul e? 10:
A. Oh, it could be the same. So, yes, it's 10:
certainly possible that you could have DDR nodul es 10:
t hat have the sane capacity as individual DDR chips, 10:
or DDR3 nodul es that have the sane capacity as 10:
i ndi vi dual DDR chi ps. But at sone point, you only 10:
need sufficient capacity. You don't need the nost 10:
capacity that one could possibly have. 10:
And once you' ve sel ected your NAND fl ash 10:
capacity, in this particular design, it doesn't make 10:
much sense to have nore SDRAM capacity than NAND 10:
flash capacity. So there's only two NAND fl ash 10:
chi ps, so you don't need an unlimted anmunt of 10:
SDRAM  You only need enough to supply the sane 10:
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capacity as two NAND flash chips. 10:
Q Okay. So at the tine of the invention, what 10:

is the maxi mum NAND fl ash capacity? 10:
A. | don't know. | would have to go back and 10
ook it up. It changed fromnonth to nonth at that 10:
tinme. 10:
Q. Do you know t he range? 10:

A Not for that particular nmonth, and it was 10:
rapi dly changing at the tine. 10:
Q Just generally in 2007 and 2008, do you know 10

the range? 10
A The changes over time were by factors of 10
two. So | would need to go look. | would not want 10
to try to recall 15 years ago what the maxi mum 10
capacity of a NAND chip was. And, again, you don't 10
need to use the maxi mum capacity in an enbodi nent of 10
Spi ers. 10:
Q. What woul d be an appropriate capacity for 10:

Spi ers then? 10:
A. It depends how much information you need to 10:
back up. It could be -- 10:
Q Ckay. 10:

A. -- it could be a couple negabytes. 10:

Q Is that pretty typical for, say, a 10:
write-back cache size? 10:
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MR. CHANDLER: Objection. Form 10:

THE W TNESS: Well, again, the wite-back 10:

cache is separate. This is the backup device -- 10:
BY Ms. ZHONG

Q Okay. 10:

A Certainly -- again, it varied fromyear to 10:

year, but certainly, there are places where one can 10:

find a wite-back cache of 2 to 4 negabytes that's 10:

useful . 10:

Q 2 to 4 nmegabytes? 10:

A. Yes. But also |arger ones and smaller ones. 10:

Q Ckay. \What's the biggest that you're aware 10:

of ? 10:

MR. CHANDLER: Objection. Form 10:

THE W TNESS: I n 20077 10:

BY Ms. ZHONG 10:

Q. Or around 2008, around that tinme period. 10:

A | don't recall. 10:

Q. Is it order of magnitude higher -- 10:

(Clarification requested by Reporter.) 10:

BY Ms. ZHONG 10:

Q Is it orders of magnitude higher than 2 to 4 10:

megabyt es? 10:

MR. CHANDLER: Objection. Form 10:

THE WTNESS: Yes. |'msure there were 10:
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systenms in existence that had wite-back caches that 10:
were orders of magnitude larger than 2 to 4 10:
megabyt es. 10:
BY Ms. ZHONG 10:
Q And for which applications are those? 10:

MR. CHANDLER: Objection. Form 10:

THE W TNESS: They coul d have been for super 10:
conputing systens. They coul d have been for 10:
enterprise |l evel storage systens. 10:
BY Ms. ZHONG 10:
Q What is a suitable backup device size? 10:

A It depends on the application. There are 10:
certainly systens where one has a very small anount 10:
of critical data that one needs to back up in case 10:
of a failure, and there are other systens that have 10:
very | arge ampunts of backup -- of critical data 10:
that needs to be backed up. 10:
Q. For Spiers' storage application. 10:

A It would vary from enbodi nent to enbodi nent. 10:
There is nothing about Spiers that ties it to any 10:
particular size. |It's applicable across a w de 10:
range of sizes. 10:
Q And what woul d be the size range be? 10:

MR. CHANDLER: Objection. Form 10:

THE WTNESS: | nean, Spiers is a perfectly 10:
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rational solution if you have 1 kil obyte of critical 10:
data and it's a perfectly rational solution if you 10:
have 1 gigabyte of critical data, and over tine, 10:
per haps nore. 10:
M5. ZHONG. Let's take a break. 10:

MR. CHANDLER: Ckay. Actually, hold on, 10:

before we take a break, | did have a chance to | ook 10:
at Exhibit 2102. And so | will just | odge ny 10:
obj ections, which are | ack of relevance, |ack of 10:
aut henticity and hearsay. 10:
And with that, we can take a break. 10:
DEPOSI TI ON REPORTER: Off the record, 10:

M ss Zhong. 10:
(OFf the record.) 10:

BY Ms. ZHONG 10:
Q Dr. Wl fe, can you pull up Exhibit 1038 10:
agai n. 10:
A. Okay. 10:

Q. So for Exhibit 1038, is any signal sent from 10:

the voltage detection circuit to the charge punp? 10:
MR. CHANDLER: Object to form 10:

THE W TNESS: Not directly. 10:

BY Ms. ZHONG 10:
Q So the busy signal is not sent to the charge 10:
pump fromthe voltage detection circuit; correct? 10:
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MR. CHANDLER: Objection to form 10

THE W TNESS: Not directly. The busy signal 10

goes to the host system the host systemthen sends 10
signals out to the various conponents on elenment 30. 10
BY MS. ZHONG 10
Q. How does the charge punp operate differently 10

in response to the busy signal? 10
A The charge punp only operates differently to 10

the extent that the host systemcuts the power. 10:
Q So in the overvol tage situation, how does 10:

the charge punp operate differently? 10:
A. The charge punp gets the power signal from 10

the host, so if the power signal fromthe host is 10:
cut off because an anomaly was detected and reported 10:
to the host through ready-busy, then the charge punp 10:
begins to shut down. 10:
Q. So you're saying that if a busy signal is 10:
sent to the host, the V gain m ght be cut off and 10:
that's how the operation of the charge punp m ght be 10:
af fected? 10:
A. Yes. That appears to be part of what's 10:
claimed in Claiml. It is described as a signal 10:
that's provided to the controller. 10:
Q VWich Claim1l are you referring to? 10:

A Claim1l of Hajeck. 10:
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Q Uh- huh. 10:

A The charge punp limtation. 10:

Q So you're referring to the power signal? 10:

A Yes. 10:

Q And where in Exhibit 1038 is it indicated 10:

that in response to the busy signal, the host would 10:

remove the V-in signal? 10:

A | think you have to kind of put the whole 10:

spec together. |t says that the ready-busy signal 10:

is what indicates that a power anomaly has been 10:

detected, and it says that the power signal is what 10:

causes a shutdown of the disk drive 10:

controller and -- 10:

Q Sorry. Can you tell nme like the |ine nunber 10:

or the colum and |ine nunber that you're reading 10:
fronf

A. Well, | can start to | ook and put things 10:

together. But like | said, this is an understanding 10:

of the entirety of the description specification. 10:

Q. Okay. Because if you look at colum 3, line 10:

62, starting fromline 62 and 63, it says: 10:

"Upon detecting the anonaly, the 10:

vol tage detection circuit 48 10:

generates a busy signal on |line 36, 10:

causing the host to refrain from 10:
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writing or reading data to/fromthe 10:

menory subsystem " 10:

It doesn't really say what the host does 10:

with the power input signal. 10:
A. Well, that's why | wouldn't try to 11
understand it by reading individual sentences 11:
i ndependent of each ot her. 11:
If you read the entirety of the description, 11:

what it says is that there's a power detection 11:
circuit, that power detections are reported to the 11:
host. It also says there is a power signal, that 11:
t hat power signal goes to the charge punp fromthe 11:
host and can initiate a backup and shutdown process, 11:
and it also explains that backups and shut downs 11:
happen in response to anonalies. 11:
So if you put those three sets of 11:
descriptions together, it's the | east obvious, and 11:
really only makes sense, that those three things are 11:
wor ki ng together, and that it's the ready-busy 11:
signal that reports to the host, the host wll 11:
realize that there's a power anonmaly, it will stop 11:
witing new data, and it will cut the power to 11:
initiate the power-down sequence. 11:
Ot herwi se, how would this system know that a 11
power - down sequence shoul d happen? W're given one 11:
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mechani sm t hat goes through the charge punp that's 11:
descri bed as having that functionality. 11:
Q Well, there's address data control 11:

i nformati on exchanged between the host system di sk 11:
drive controller directly; right? So it doesn't 11:
have to go through the charge punp. 11:
A That's true. Not all of the information has 11:

to go through the charge punp, but we are told that 11:
the -- that the charge punp is provided with a 11:
signal so that the charge punp acts as the backup 11:
power supply when power fromthe host is 11:
interrupted. So it is signaled. 11:
Q But what | am saying is that the shutdown 11:
sequence doesn't have to have anything to do with a 11:
power signal. It could just be directly under the 11:
control of the host system 11:
A. It is possible that in sone enbodi nents the 11:
host tells the disk drive controller to performthe 11:
shut down sequence in response to the ready-busy 11:
signal . 11:
Q Does Harris detect overvoltage? 11:

A. I"msorry. | didn't understand the 11:
questi on. 11:
Q Does Harris detect overvoltage at the power 11:

i nput side? 11:
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A | don't think Harris alone teaches it, but 11:
Harris in conmbination with Am di teaches it. 11:
Q. Does Am di teach overvol tage detection for 11:

i nput vol tage? 11:
A. Yes. It uses the system supply as an input 11:

to the voltage supervisory block 665 and that can 11:
det ect an overvol tage. 11:
Q. It can, but does it actually detect it? It 11:
only tal ks about undervoltage detection; correct? 11:
MR. CHANDLER: Objection to form 11:

THE W TNESS: Let ne take a quick | ook. 11:

BY MS. ZHONG 11:
Q Look at Figure 14, for exanple. 11:

A. It certainly teaches a circuit that 11:
deter mi nes whether or not a power input voltage 11:
is -- has an anplitude that is greater than a first 11:
t hreshol d. 11:
Q. In Figure 14, it is only exam ni ng whet her 11:

the input voltage is below the 3.0-volt threshold; 11:
ri ght? 11:
A. No. It's only acting in a particular way if 11:
it's below a 3.0-volt threshold. It has got two 11:
paths, a yes and a no. One is if it's greater than 11
or equal to 3.0 volts, and one is if it's |less than 11:
3.0 volts. 11:
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Q And the 3.0 volt is below 3.3 volt; right? 11:

A Yeah. Are we tal king about the clains? 11:
Because | don't see the clains saying that the first 11:
threshold has to be greater than or |less than sone 11:
particul ar val ue. 11:
VWhat it says is it has to determ ne whether 11:

it's greater than or | ess than, depending on which 11:
claim a threshold voltage. And this particular 11:
circuit distinguishes the two. It determ nes 11:
whether it is greater than a threshold voltage or if 11:
it's less than a threshold voltage. 11:
Q Does it determine -- well, if it's less than 11

3.0 volt -- if the answer is no, it could be because 11
it's equal to 3.0 volt; correct? 11:
A Not really. There's no -- there's no such 11:
thing in the real world as two things being 11:
exactly -- two voltages being exactly equal. So in 11:
the real world, it's either going to be greater than 11:
or |l ess than. 11:
Q. But in this particular one, it is examning 11:
whet her the voltage is below a threshold that's 11:
bel ow t he nom nal value for the power supply; is 11:
that correct? 11:
MR. CHANDLER: Objection to form 11:

THE WTNESS: Yes. But it's also 11:
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determning if it is greater than the threshold so 11:
that it can maintain operation. 11:
BY Ms. ZHONG 11:
Q And when it detects that it's not below 3.0 11:
volt, does -- Am di proceeds as before; right? 11:
There is no change in the operating state; correct? 11:
A In Amidi, as literally expressed, that is 11:
true. Although, clearly, it's a trivial 11
modi fication and well within the know edge of a 11:
person of ordinary skill in the art to respond when 11:
the voltage is too high as it is to respond when the 11:
voltage is too | ow. 11:
Q Okay. And in the way you are reading the 11:
claim when it's detected that the voltage is not 11:
bel ow 3.0 volt, Am di does not switch to backup 11:
power; is that correct? 11:
A. Are we tal king about Claim5? 11:

Q. I"mjust ask -- I'masking you questions 11:
regarding Amdi. | want to know the facts. | know 11:
t hat we cannot agree on the ultimte conclusion, so 11:
let's get the facts right. 11:
A. " msorry, you asked nme a question about the 11:
claim and I'm asking you which claim 11:
Q "' m not asking about the claim |'masking 11:

you how Am di oper at es. 11
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A. Vell, I"msorry, | nust have m sheard the 11:
guestion because | thought you said "the claim"” 11:
MR. CHANDLER: | object to the form of 11:

the question. I'ma little unclear what the 11:
guestion i s now. 11:
BY MS. ZHONG 11
Q. Now, when Am di detects that its supply 11:
voltage is not below 3.0 volt, Am di does not switch 11:
to backup power; is that correct? 11:
A. That is correct with respect to one 11:
enbodi nent . 11:
Q Now, does Am di disclose anywhere that if 11:

its supply voltage is suffering frominput voltage 11:
overvoltage, that it will switch to the backup 11:
power ? 11:
A | don't believe so, not in Am di al one, 11:

al though it does give a general disclosure that it 11:
checks for proper power |evels. 11:
Q. Is power |evel the sane as voltage | evel ? 11:

A In this context, | believe so. 11:

Q Isn't the power depends on both current and 11:

vol tage? 11:
A. From a physics perspective, but | don't 11:
think that's how the | anguage is being used in that 11:
particul ar part of Am di. 11:
Page 258

15
15
15
15
15
15
15
15
15
16
16
16
16
16
16
16
17
17
17
17
17
17
17
17

17

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 258




N

A W

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

25

Q Okay. And when -- in a PCl card -- let nme 11:

wi t hdraw and ask. 11:
In Spiers, does Spiers detect when a voltage 11

is above the 5 volt threshol d? 11
A. It sinply tells us that there's a 5 volt PClI 11
detector, and then it says that that responds to 11
power failures, but it doesn't define specifically 11
what it neans by a power failure. 11:
Q And what is a POSITA' s understanding of the 11:
term "power failure"? 11:
A. It could be -- | nean, the actual |anguage 11:
here is "power failure, power interruption or other 11:
failure.” 11:
So I think in that context, you would read 11:

it to be broader than a power interruption. So it 11:
woul d presumably nean any failure to maintain the 11:
proper voltage |evels or the proper current |evels. 11:
Q. What is a "power interruption"? 11:

A That's when the power supply goes away. 11:

Q. How does the PClI specification specify that 11:

t he i nput voltage be provided within a specified 11:
range? 11:
A. The input voltage to what? 11:

Q To the PClI bus. To the interface. 11:

MR. CHANDLER: Objection to form 11:
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THE WTNESS: [|'m not sure what you are 11:

aski ng about. 11:
BY Ms. ZHONG 11:
Q. Does the PClI | ocal bus specification in 11:
Exhi bit 2031 keep detecting input voltage, 11
overvol tage or undervoltage? 11:
A That's specified in a different docunent, 11:
which | don't happen to have in front ne, the PCl 11:
bus power managenent interface. 11:
Q You did not cite that in your declaration; 11:
correct? 11:
A. Correct. 11:

Q And according to your understanding of that 11:
uncited docunent, is there voltage detection on the 11:
PCl card? 11:
A | don't recall whether that particular 11:
docunent teaches it or not, but the references that 11:
| cited, in conbination, teach it. 11:
Q. Now, can you go to page 121 of Exhibit 1031. 11

A. Yes. 11:

Q What is shown here in Figure 4-3? 11:

A. These are the AC properties of non-power 11:
signals on PClI bus in particular with respect to 11:
5 volt signaling. 11:
Q So those are not for the power supplies, 11:
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they're for the signaling rail? 11:
A Correct. 11:

Q. So they have nothing to do with detecting 11:
overvol tage or detecting undervoltage on the power 11:
rail . 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: Not directly. 11:

BY Ms. ZHONG 11:
Q And how indirectly? 11:

A. Sonebody m ght be able to build a detector 11:
that infers that if there is an overvoltage on the 11:
signals, there is an overvoltage on the power, but 11:
it would nmake nore sense to sinply directly neasure 11:
t he power. 11:
Q. Okay. So Figure 4-3 does not indicate 11:
measuri ng the overvoltage and undervol tage on the 11:
power rail? 11:
A. Correct. 11:

Q. And go to 122, note 1, the first sentence. 11:
What does it mean, "This specification 11:

shoul d be guaranteed by design"? 11:
A. | believe it sinply neans that you shoul d 11:
design your circuits to always support this portion 11:
of the specification. 11:
Q Is that also true for the power supply for 11:
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any -- for the PCl card, the designers should, 11:
t hrough design, guarantee that the 5 volt and 11:
3.3 volt power rails be within the specified voltage 11:
range? 11:
A. This note is specific to the IPU It 11:
doesn't say anything about those other systems. | 11:
mean, there are hundreds of pages of specifications 11:
here. |If the -- the power doesn't necessarily -- 11:
the power is supplied by the host conputer, and it 11:
doesn't necessarily have to be always within range 11:
as long as the proper communications take place with 11:
the PCl card. 11:
Q So a POSI TA woul d know that the voltage can 11:

be outside the specification and proper 11:
conmuni cation can still take place between the PCI 11:
card and the host system 11:
MR. CHANDLER: Object to form 11:

THE W TNESS: Not necessarily. Systenms can 11:

fail in various ways. 1In a systemthat has got a 11
power error, lots of different things can happen, 11:
and it's up to the PCl card designer to decide which 11:
of those they want to respond to and in which ways. 11:
BY Ms. ZHONG 11:
Q Can you pull up Exhibit 1063. 11:

A Yes. 11:
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Q What is this? 11:

A This is an exenplary PCl power volt 11:
detection chip that was known at the tinme of the 11:
i nvention. 11:
Q So is it used on the host system or on the 11:

PCl card? 11:
A It can be used on either. 11:

Q. What does it nean by "all boldface limts 11:

are guaranteed for certain operating conditions"? 11:
MR. CHANDLER: | didn't hear you. Are you 11:

reading froma docunent? 11:
M5. ZHONG Yes. On page 2 under DC 11:

el ectrical characteristics and AC el ectri cal 11:
characteristics. 11:
THE WTNESS: It neans that all the nunbers 11:

on this page that are shown in bol df ace are 11:
speci fications that have been characterized at a 11:
junction tenperature between zero and 70c, at a 11:
nom nal power of 5 volts, with a pull-up resistor of 11:
4.7 kilohms and an external capacitor of .0.1 11:
m cr of ar ads. 11:
BY MS. ZHONG 11
Q So basically it's a suggestion that if you 11:
want to design a board, you should use simlar 11:
operating conditions and sim|lar passive conmponents? 11:
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MR. CHANDLER: Objection. Form 11:

THE W TNESS: Not necessarily. It nmeans if 11:

you want to rely on these particul ar specifications, 11:
then you shoul d design for a typical tenperature 11:
range -- for the sanme tenperature range and using 11:
t he same range of conponents, otherw se, you may 11:
need to do sone additional research to determ ne 11:
what specifications would be net. 11:
But those are very ordinary specifications. 11:

That's the normal comercial tenperature range and a 11:
normal power supply range for this chip. 11:
BY MS. ZHONG 11:
Q So if for a given condition, you know a 11:
priority what the m ni num and maxi nrum of the supply 11:
voltage would be -- never mind. Let nme withdraw and 11:
ask a different question. 11:
What does the tim ng diagram shown on page 3 11:
denonstrate? 11:
A It shows how certain characteristics that 11

are descri bed on page 2 were neasured and shows an 11:
exenpl ary response tine to overvoltage and 11:
undervol tage conditions on the PCI power supply. 11:
Q And can you be able to state -- let's just 11:
start with the 5 volt signal, the top one. 11

VWhat characteristics are neasured in the top 11:
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di agr anf? 11:
A These diagranms all work together. 11:

Q Okay. 11:

A They're not -- | don't think they can be 11:
interpreted individually. But there are exenplary 11:
overvol tage and undervol tage conditions shown in the 11:
top graph. And then in the bottom graph, there are 11:
the responses on the reset signal in that particular 11:
case and the tim ng of those responses. 11:
Q Ckay. So the top one is just show ng the 11:
time variants of different voltages on the 5 volt 11:
signal rail; is that right? 11:
A In an exenplary situation, yes. 11:

Q And the second one is showing time variants 11:

on the 3.3 volt signaling rail. 11:
A Again, for illustrative purposes only. 11:

Q. Okay. And then the third one is with 11:
respect to a paraneter called MR 11
And then the |last one is showi ng how t he 11:

conbi nation of the different conditions is going to 11:
affect the reset value, whether it's going to be 11:
reset or whether it's not going to be reset. 11:
Is that right? 11:

A. Yes. That signal is nanmed "reset," but the 11:

PCl card can use it for whatever it wants. It's 11
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sinply a detection. The MR is an indication of 11
per haps resetting the entire conputer, where the 11
reset pound signal is an indication of an over- or 11
undervol tage condition to a device on the PClI card, 11:
whi ch could be used for reset, or it could be used 11:
for a power failure response of sonme other type. 11:
Q. So is it detecting the 5 volt signaling rail 11:

or is it detecting the 5 volt power rail? 11:
A. In the exenplary applications on page 1, one 11:

for the host system and one for the add-in card, 11:
t hose are connected together. 11:
Q So they're sort of together and they are 11:
measuring the sanme thing? 11:
A. In the exanples. They could be separated if 11:

one chose to do so. 11:
Q. What happens when the reset signal is sent 11:

due to a fault -- detected fault condition? 11:
A. It depends on how the person uses his chip 11

on the board. It could be used to reset a PCl card, 11:
or it could be used to instruct to signal sonething 11
on the PCl card that a power failure has happened 11
and the device that has becone aware of the -- of 11
t he power anomaly can respond in whatever way is 11:
appropriate for that particul ar device. 11:
Q Okay. So does the reset signal guarantee 11:
Page 266

: 36
: 36
: 36

37
37
37
37
37
37
37
37
37
37
37
37
37
38

: 38

38

: 38

1 38

1 38

38
38
39

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 266




N

A W

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

25

conpliance with the specification for the -- let nme 11:
wi t hdraw and ask. 11:
So does the reset signal guarantee 11:
conpliance with the PCl specification? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: No. An engi neer would have to 11:
understand how to use this chip properly to 11:
guar ant ee conpli ance. 11:
BY Ms. ZHONG 11:
Q And what is shown on page 77 11:

A. There's a bl ock di agram of the chip. 11:
There's a truth table that essentially shows that 11:
the reset is asserted when any type of power failure 11:
or power anomaly is detected, and then there are 11:
descriptions of the pins. 11:
Q. So is the top conparator conparing the 11:

5 volt signal or power rail against an overvoltage 11:
t hreshol d? 11:
A Yes. 11:

Q. And the second one is conparing that 5 volt 11:
rail agai nst an undervol tage threshol d? 11:
A. Correct. 11:

Q Ckay. If either -- if there is an 11:
undervoltage or -- if there is an overvol tage or 11:
undervol tage condition, then that will trigger the 11:
Page 267

39
39
39
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
40
40
40

40

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 267




N

A W

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

25

reset bar signal; is that right? 11:
A. On this particular chip, that's correct. 11:

Q And the reset -- what will happen with the 11:
reset, that's up to the engineer? 11:
A. Correct. But there is a suggestion on 11:
page 1 that it be connected to a device on board the 11:
PCl card. 11:
Q. What do you nean by "there is a suggestion 11:

on page 1 that it be connected to a device on board 11:
the PCl card"? 11:
VWhat device are you referring to? 11:

A It is sinply referred to as a device on 11:
board. It could be any device on the PClI card. 11:
That's the choice of the engineer. 11:
Q. So you nean like the signal can be sent to 11

any device on the PCI card? 11:
A. Correct. Any or all. 11:

Q. What does "pre-regul ated” nean in Claim 16 11:

of the '918 patent? 11:
A. | think it sinply nmeans that the voltage 11:
that is supplied as an input to the first, second, 11:
third and fourth converters has already passed 11:
t hrough sonme type of a regulator and is being 11:
controlled within sonme range. 11:
Q Okay. So all it means, it neans that the 11:
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i nput to the buck converters and the conversion 11:
circuit is a regulated voltage; correct? 11
A Yes. 11:

MR. CHANDLER: Objection. Form 11:

THE WTNESS: | nean, if you read it in 11:

context, it has to be regulated on the nmenory 11:
nodul e. 11:
BY Ms. ZHONG 11:
Q And where did you get that from fromthe 11:
claim | anguage itsel f? 11:
MR. CHANDLER: Object to form 11:

THE WTNESS: | think because it's part of 11:

the menory nodul e and because it's distinguished 11:
fromthe power that conmes into the nmenory nodule, so 11:
this appears to be sonething different. 11:
BY Ms. ZHONG 11:
Q. Okay. So you are applying an understanding 11:
that the preregul ated voltage needs to be a voltage 11:
that's generated on the notherboard -- on the nmenory 11:
nodul e; is that correct? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: | | ooked at both situations. 11:

| didn't -- | didn't nake that a part of nmy -- | 11:
didn'"t limt my analysis to that case. | |ooked at 11:
whet her it does or does not because it is a claim 11:
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construction issue, and that's a matter of [|aw. 11:
So | found it to be obvious whether it does 11:

have to be regulated on the nodul e or whether or not 11:
it's broad enough to allow for regulation off the 11:
nodul e. 11:
BY Ms. ZHONG 11:
Q. Okay. So in the case of Harris, the 12-volt 11:
power source is off the nodule; correct? 11:
MR. CHANDLER: Objection. Form 11:

THE W TNESS: In the sinplest 11:

i npl enentation, it is. And then what | explain 11:
| ater in paragraph 489 and 490 is that it wuld also 11:
be obvious to regulate it on the nodule in a way 11:
t hat Am di does. 11:
BY Ms. ZHONG 11:
Q. So Amidi's battery is only used in the 11:
backup power when the normal voltage is not 11:
avail able; is that right? 11:
MR. CHANDLER: Objection. Form 11:

THE WTNESS: That's the only tinme that the 11:

battery is used, but the regulation circuity is used 11:
whet her or not the battery is being used. 11:
BY Ms. ZHONG 11:
Q Vhy woul d Am di be using the regul ation 11:
circuity when the lithiumion battery is not used? 11:
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The system provides a 1.8-volt input already 11:

in Amdi; right? 11:
A It does. But it also teaches that 11:
preregul ated voltages are provided to buck 11:
converters. 11:
BY Ms. ZHONG 11:
Q. Is the output froma battery a regul ated 11:

vol tage or an unregul ated vol tage? 11:
A. It could be either. The direct output is an 11:
unregul ated voltage. But, for exanple, the 11:
regul ated one -- the regul ated voltage fromthe 11:
battery charger is provided to the DC-to-DC boost 11:
regul ator and the DC-to-DC buck boost regul ator and 11:
t he DC-to-DC buck regul ator. 11:
Q. And is the output froma super cap a 11:
regul ated or unregul ated vol tage? 11:
A. It's directly unregul ated, but then it 11:
gets -- could be passed through a regul ator. 11:
Q. Okay. Wiy woul d you convert a 12-volt 11:
unregul ated voltage to a 12-volt regul ated vol t age 11:
in the case of Harris? 11:
A. So that you could have tighter regul ation 11:
locally. If, for exanple, you wanted plus or m nus 11:
5 percent instead of plus or mnus 15 percent, that 11:
woul d be a reason. 11:
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Q In the case of Harris, is there a reason to 11:
have a tighter input voltage range? 11:
A Yeah. Because Harris tells us, | believe, 11:

if I recall correctly -- let nme go back and | ook. 11:
Yeah, Harris tells us in sone enbodi nents 11:

the incom ng voltage is unregul ated, so that's why 11:
you would want to regulate it on board. 11:
Q. That is what |'m asking you. Wy does it 11:
matter? The buck converters has a huge i nput 11:
vol tage operating range, so a tighter control 11:
doesn't really matter for it one way or the other. 11:
MR. CHANDLER: Objection to form 11:

THE W TNESS: For the sanme reasons that 11:

we' ve seen in some of the other references. |If you 11:
want to predetect a failure, detect a failure early, 11:
you would | ook at a variance in a regul ated voltage. 11:
And you don't want to do that at the | ast stage 11:
where it is supplying the voltage to your critical 11:
conponents. You want to look at it at an earlier 11:
st age. 11:
BY MS. ZHONG 11
Q But you can do that equally well with a 15 11:
percent unregul ated 12 volts; right? Once it starts 11:
to draw | i ke 15 percent below 12 volts or 15 percent 11:
above 12 volts, that should give you sufficient tine 11:
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to react, isn't it? 11:
A Not necessarily. But in any case, Harris 11:
teaches us that some of his enbodi nents have an 11:
unregul ated 12-volt supply, not the plus/m nus 15. 11:
So you would want to be able to work with those 11:
enbodi ments as wel | . 11:
Q. So the plus/mnus 15 percent, that is not 11:

t he power tol erance range for the unregul ated 11:
vol t age? 11:
A. No. | believe that that's a tol erance range 11:

for a regulated voltage with a wi de tolerance. | 11
believe that's howit's described in Harris. 11:
Q So are you saying an unregul ated voltage is 11:

a voltage w thout any tol erance range? 11:
A. No. An unregul ated voltage is a voltage 11:
that hasn't gone through a regulator. The tolerance 11:
at that point is up to the user. That's why you 11:
woul d want to have sone kind of detection circuity 11:
or have an additional regulator on board. 11:
Q. Can you | ook at paragraph 16 of Harris. 11:

A. Ckay. 11:

Q The second sentence it says: 11:

"As set forth at block 202, voltage 11:

I's supplied to a nenory board assenbly 11:

froman external source, e.g., an 11:
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unregul at ed source generating fairly 11:

hi gh voltages with a wi de tol erance.” 11:

Do you see that sentence? 11:

A. Yes. 11:

Q So what is the tolerance range for a 12 volt 11

unr egul at ed source? 11:

A It would be system specific. 11:

Q. And one wide tolerance is plus/mnus 15 11:

percent for exanple; right? 11:

MR. CHANDLER: | didn't hear the beginning 11:

of that. 11:

BY MS. ZHONG 11:

Q And one exanple of a tolerance is plus or 11:

m nus 15 percent; correct? 11:

A. Pl us or m nus 15 percent is an exanple of a 11:

tol erance, yes. 11:

Q. Okay. So one exanple in Harris for the 11:

tol erance for the unregul ated voltage is 12 volts 11:

with plus/mnus 15 percent; is that correct? 11:

A. No, | don't think it says that. He doesn't 11:

give a tolerance for his exenplary unregul at ed 11:

vol tage. He does separately give a plus/mnus 15 11:

percent tolerance for a 12-volt power supply, but he 11:

doesn't say that that one is unregul ated. 11
Q Okay.
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A It does teaches that his design is suitable 11

for a wide range of input power supplies, including 11
both regul ated and unregul at ed. 11:
Q. He does give an exanmple for the term"w de 12:

tol erance"” as around plus/mnus 15 percent; correct? 12:
A He does give that as an exanple for one 12:
power supply, yes. 12:
Q. And that power supply is also at 12 volts; 12:
correct? 12:
A. It is nom nally. 12:

Q Can you take a |l ook at '918, claimnunmber 1. 12:

A. Okay. 12:

Q Can you take a |l ook at the |ast two 12:

el ement s. 12:
A Okay. 12:

Q Do these two elenments need to be satisfied 12:

si mul t aneousl y? 12:
A. Let's make sure we are on the sane page 12:
about what are the two el ements. 12:
Q. A plurality of SDRAM devices coupled to 12:

the first regulated voltage and the really | ong 12:
i npl ement ati on afterwards. 12:
A. | believe they do. 12:

Q And a device is not coupled to a particular 12:
voltage if that voltage is set to zero; is that 12:
Page 275

: 59
: 59

59
00
00
00
00
00
00
00
00
02
02
02
02
03
03
03
03
03
03
03
03
03
03

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 275




N

A W

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

25

correct? 12:
MR. CHANDLER: Objection. Form 12:

THE WTNESS: Well, it would depend on the 12:
circunstances, but | think it is still coupled. | 12:
mean, this seens to ne to be a structural 12:
[imtation, not one that -- not one that is the 12:
result of a particular set of steps or operations. 12:
BY Ms. ZHONG 12:
Q What is your understanding of the word 12:
"coupled to"? Go ahead. 12:
A. Coupled to can be interpreted differently by 12:

| ots of different courts and ny experience based on 12
the totality of the context, but here to be coupled 12
to the first regulated voltage, | think neans 12:
directly or indirectly connected to the first 12:
regul ated voltage. 12:
Q And when you say -- 12:

A. And the first regulated voltage is the 12:

out put of the first buck converter in this 12:
particular claim 12:
Q Ckay. If the -- if there's aline to the 12:

out put of the first buck converter but, for exanple, 12:
because the input to the buck converter is sonmehow 12:
unavail able so there is no first regul ated voltage 12:
generated, is the SDRAM still coupled to that first 12:
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regul ated vol tage? 12:
MR. CHANDLER: Objection. Form 12:

| nconpl et e. 12:
THE WTNESS: M understanding is this is an 12:
apparatus claimand that one can determ ne whet her 12:
or not this claimis being practiced by |Iooking at a 12:
menmory nodule. So | mean, if that were the case, 12:
then a nenory nodule sitting on a table could never 12:
infringe this claim 12:
| don't think that's what the patentee 12:

i ntended, but again, that is a claimconstruction 12:
issue that I'll leave to the courts. 12:
BY Ms. ZHONG 12:
Q So if the SDRAM is coupled to the first 12:
regul ated voltage in one operating node and the one 12:
circuit is coupled to the second and the fourth 12:
regul ated voltage only in a second operati ng node, 12:
is this limtation still met? 12:
MR. CHANDLER: Objection. Form 12:

| nconpl et e. 12:
THE WTNESS: | don't know. | didn't have 12:

to consider that as part of ny anal ysis. 12:
BY Ms. ZHONG 12:
Q So, for exanple, if in Spiers, if the 5 12:
volts to 3.3 volt regulator is only operating in the 12:
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backup node but not in the -- but not in the 12:
normal -- |ike when there is normal PCI power supply 12:
voltage, and if the 1.8 volt regulator is only 12:
operating during the -- so let me withdraw and ask. 12:
If in Spiers the 5 volt to 3.3 volt 12:
regulator, if that one is only generating the 12:
3.3 volt output in the backup node, does that fact 12:
af fect our analysis as to whether Spiers rendered 12:
obvi ous the cl ains? 12:
MR. CHANDLER: Objection. Form and 12:

i nconpl ete. 12:
THE W TNESS: No. One, that is not 12:

consi stent with ny understandi ng of Spiers. But 12:
even if it was, it would still be obvious to have 12:
the regul ator operate all the tine. 12:
BY Ms. ZHONG 12:
Q. Okay. So let's say if the board decides 12:
that there is no evidence to say that the 5 volt or 12:
3.3 volt should be operating all the time, would 12:
that -- the fact that the 5 volt to 3.3 volt is only 12:
operating during the backup node affect your 12:
anal ysi s? 12:
MR. CHANDLER: Objection. Form 12:

THE WTNESS: In ny opinion under ny 12:
analysis, it would be obvious to have a single 12:
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regul ator provide the 3.3 volts all the tine 12:
whet her -- so -- 12:
BY Ms. ZHONG 12:
Q If that's -- 12:

A. -- that's not a portion of my anal ysis. 12:

If it's not, | think it's still coupled 12:

because there would be two converters that would be 12:
connected to the sane wire. | don't see any 12:
di scl osure of a -- yeah, they would still be 12:
coupled. They would still be directly or indirectly 12:
connect ed. 12:
Q So "coupl ed" just means that as long as the 12:
wiring is in existence between the voltage rail and 12:
t he conponent ? 12:
MR. CHANDLER: Objection. Form 12:

THE W TNESS: Again, that's a conplex issue 12:

that the courts struggle with and this court woul d 12:
have to decide, but | think that that's the 12:
approach -- that's one of the approaches that | 12:
woul d use. 12:
As | said, ny actual opinion is that it 12:

woul d be obvious to use the sane 3.3 regul ator all 12:
the time, in which case it would clearly be coupled 12:
under | think any construction that's reasonable. 12:
Il 12:
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BY Ms. ZHONG 12:
Q VWhy would it be obvious to use the 5 volt to 12:

3.3 volt regulator all the time instead of using the 12:
3.3 volt power supply? 12:
A. Because it is difficult to enact multiple 12:
regul ator outputs together w thout sone type of a 12:
switch. There's no switch that's illustrated here 12:
because there is anple 5 volt power being provided. 12:
And because, as we discussed before, it is 12:

the 5 volt supply that's being nonitored so, 12:
therefore, if 1"mgoing to nonitor the 5 volt 12:
supply, | would want to nonitor the supply that is 12:
suppl yi ng power to ny system That's a much nore 12:
sensi bl e approach than nmonitoring a different supply 12:
than is supplying power to nmy system 12:
So if I"'mgoing to nonitor 5 volts with a 12:

5 volt PClI detector, | would want to power ny system 12:
fromthe 5 volts fromthe PCl so that | am 12:
nmonitoring the thing that |I'm using. 12:
Q. But wouldn't it also nmake sense you detect 12:

the 5 volts because if the 5 volts is dropping, the 12:
3.3 is probably not operating correctly either? 12:
MR. CHANDLER: Objection. Form 12:

BY Ms. ZHONG 12:
Q Since it is all comng fromthe host system 12:
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A That's true. But if the failure is in the 12:
5.5-volt power systemif, for exanple, sonething is 12:
shorting 5 volts or sonething |like that, | would 12:
want to detect that. 12:

So rather than nonitoring sonething that 12:
m ght be correlated, | would rather nonitor the 12:
thing that |I'mactually using. 12:

And, again, all the indications in Spiers 12:
are that that 3.3 volts comes fromthe 5 volt to 3.3 12:
regulator. There is nothing to dissuade ne from 12:
t hat . 12:

Q Aside fromli ke he does not say that; right? 12:

A. Well, but he certainly suggests it. Again, 12
it's also not clear how the diode would work as a -- 12
as a carryover switching device unless that were the 12
case. Everything that he says is consistent with 12
t hat and woul d | ead one to that concl usion. 12:

Q. But for the diode to switch, all you need is 12:
a 5 volt not necessarily power rail, but some kind 12:
of signaling indicating what the voltage |evel is; 12:
right? 12:

A. Signhaling to what? 12:

Q What do you nean by "signaling to what"? 12:

A. Well, you said all you need is sone kind of 12:
signaling. Obviously, you need a specific kind of 12:
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signaling and | don't see it here, and | -- you 12:
can't provide the signal to a diode to tell it to 12
switch because the di ode doesn't work that way. 12:
Q A vol tage signal ? 12:

A. How woul d the voltage signal cause the diode 12

to begin to conduct? 12:
Q. But isn't the diode responding to a 12:
particul ar voltage | evel ? 12:
A. Yes, it's responding to the voltage |level at 12

the input to the 5 volt regulator and at the out put 12
to the super cap. And that's why the input to the 12
5 volt regulator needs to be the 5 volt system power 12:
so that it can respond to the differential between 12:
t hose two things. 12:
MR. CHANDLER: Should we think about l[unch? 12:

M5. ZHONG We can go off the record. 12:

(Lunch recess.) 12:

BY Ms. ZHONG 13:
Q Dr. Wilfe, what is an "S3 state"? 13:

A. l"msorry. | didn't hear the whole 13:
questi on. 13:
Q What is an "S3 state"? 13:

A. In a traditional personal conputer or an 13:

I nt el -based server, an S3 state is defined by a 13:
standard, | think it's called ACPI, and the S3 is 13:
Page 282

14

115

15

15

115

15

15

15

115

: 15

115

15
15
15
16
16
16
00
00
00
00
00
01
01
01

Veritext Lega Solutions
866 299-5127

Samsung Electronics Co., Ltd.
Ex. 1076, p. 282




N

A W

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

25

what we commonly call a "sleep state,” where the 13:
main menory DRAM is placed into a self-refresh node 13:
and nost of the rest of the conputer systemis 13:
powered off so that you can go into a very | ow power 13:
node for nmaybe a couple of days or nore, but then 13:
very quickly recover back to a full operating state. 13:
Q. Okay. So it's the host that determ nes 13:
whet her the nenory nodul e should be placed into -- 13:
t he DRAM on the nenory nodul e shoul d be placed into 13:
the self-refresh node or not; is that correct? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: In the sinplest systens where 13:

you woul d have a JEDEC-conpliant nmenory nodul e 13:
connected to a host, that would be true, but that 13:
doesn't always have to be true for every nenory 13:
nmodul e in the system 13:
BY Ms. ZHONG 13:
Q. So for a standard-conpliant FB-DIMVM the S3 13:
state is entered into -- determ ned by the host, not 13:
by the menory nodule itself. Fair? 13:
MR. CHANDLER: Objection to form 13:

THE WTNESS: It's always determ ned by 13:
sonet hi ng other than the menory nodule. If its 13:
menory nodule is connected to sone other nenory 13:
controller other than the host, then that can make 13:
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the decision. If the nmenory nodule is connected 13:
directly to the host, then it would normally be the 13:
host that indicates S3 node. 13:
BY Ms. ZHONG 13:
Q Okay. So whether the S3 node is -- whether 13:

the S3 node affects a particular DRAMis really 13:
determ ned by the nmenory nodul e that controls that 13:
particular DRAM is that right? 13:
MR. CHANDLER: Objection to form 13:

THE WTNESS: No. |It's controlled by a 13:
processor sonewhere. It may initially be indicated 13:
by a person or sonmething else. So there's a 13:
sequence of events. 13:
So, for exanple, it could be a |low battery 13:

that indicates to a host that it's time to enter S3 13:
node. Then the host would then communicate that to 13:
the various devices in the conputer, including the 13:
host - based nmenory, or it could be that the user 13:
selects it. 13:
There's al ways sone control device that's 13:

i nvol ved in comunicating that information, but it 13:
can use various criteria to decide when to do it. 13:
The menory itself would not put itself into a 13:
self-refresh node. It would be told to put itself 13:
into self-refresh node. 13:
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Il 13:
BY Ms. ZHONG 13:
Q. And in FB-DIMM according to the JEDEC 13
standard, there are certain S3 recovery 13:
configuration registers; is that correct? 13:
A ["'mnot famliar with that off the top of ny 13:
head. |If you can point me to sonething, | would be 13:
happy to | ook at it. 13:
Q Exhi bit 1027, page 25. 13:

MR. CHANDLER: G ve ne a m nute. 13:

THE WTNESS: Yes. | see those. 13:

BY Ms. ZHONG 13:
Q Are they -- where are they |ocated? 13:

A. I"d have to track each one down to be sure, 13:

but generally those are CSRs, and CSRs on an 13:
FB-DIMM | believe, are primarily in the AMB. 13:
Q. Okay. \What are "CSRs"? 13:

A What does that stand for? | don't recall 13:
the acronymright now. | think they are |ike 13:
command and status registers or sonmething like that. 13:
Let's see if it's in the table here. | don't see a 13:
definition in this docunment. 13:
Q And it says "the followi ng CSR shoul d be 13:
stored in non-vol atile nmenory." 13:
And where is that non-volatile nmenory 13:
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| ocat ed? 13:
A. It doesn't matter fromthe perspective of 13:
the standard, as long as you preserve those val ues 13:
and can restore them when S3 node is exited. 13:
Q And so they don't have to be on the AMB? 13:
They coul d be on sonme other non-volatile nmenories on 13:
t he DI MW? 13:
A | believe so. It would still be standard 13:
compliant, yes, or even off the DIMM as long as you 13:
can save them and restore them 13:
Q Okay. So in 3.7.3, when it says, "The 13:
foll om ng CSRs should be stored in non-volatile 13:
menory," that non-volatile nenory doesn't refer to a 13:
menory space in the AMB. 13:
MR. CHANDLER: Objection. Form 13:
THE WTNESS: It could, but I don't think 13:
that the standard requires that it be in the AM. 13:
BY Ms. ZHONG 13:
Q. And are control status register val ues
considered to be configuration information? 13:
MR. CHANDLER: Objection to form 13:
THE WTNESS: It would depend on the 13:
particular register. A status register m ght not be 13:
configuration information. It would depend on each 13:
i ndi vidual register. W would have to | ook at the 13:
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definitions. 13:
BY Ms. ZHONG 13:
Q. What about the six recorded here? 13:

A. | can't tell you based on those acronyns 13:
alone. | would have to go | ook at the docunentation 13:
for each one. 13:
Q. So you haven't done that anal ysis? 13:

MR. CHANDLER: Objection. Form 13:

THE WTNESS: Not for the -- not 13:

i ndividually for each of those, no. 13:
BY Ms. ZHONG 13:
Q But do you know whi ch one could be a 13:
configuration information? 13:
A. Yes. The personality bytes certainly could 13:

be configuration information. 13:
Q. And what information is in the SPD part, the 13:
personal ity bytes? 13:
A. It's just general configuration information 13:
about a particul ar nodul e. 13:
Q And is it stored in the SPD? 13:

A. That's up to the AMB i npl enenter. So the 13:
actual value is not stored there, but the backup 13:
could be stored there. VRC is the DRAM controller 13:
node register. That woul d be configuration 13:
i nformati on. 13:
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Q Uh- huh. And the SPD personality bytes, it's 13:
regardi ng the configuration information for the SPD? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: Yes. That's typically -- | 13:

believe that that's vendor-specific informtion. 13:
BY Ms. ZHONG 13:
Q. Vendor -specific information for SPD? 13:

A Defining what -- yes. About things that 13:
could be stored in the SPD, yes. 13:
Q What | want to know is what kind of 13:
information are those bits? Are they generally 13:
information related to the FB-DI MVs, or are they 13:
information related to SPD? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: Well, the SPD woul d be part of 13:

t he FB-DI MV, but we would have to | ook in the ACPI 13:
speci fication version 2.0C to see the actual 13:
definitions of those things. 13:
BY Ms. ZHONG 13:
Q. Okay. You did not -- 13:
(Clarification requested by Reporter.) 13:

BY Ms. ZHONG 13:

Q And you did not cite ACPlI version 2.0C; is 13:
that right? 13:

A. Correct. The DRC is sufficient to establish 13:
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that there is configuration information in those 13:
regi sters. 13:
Q. And what information is usually stored in 13:

t he SPD? 13:
A. There is a big table that describes it all, 13:

but it varies fromD MMto DIMM Typically, 13:
i nformati on about timng, information about 13:
capacity, but we would have to | ook at the SPD spec. 13:
There can be dozens of things in there. 13:
Q Does the host need to read what's stored in 13:

the SPD first before it can control the DI MVs 13:
properly? 13:
A That depends on the host. That depends on 13:

the host and the system There are |ots of systens 13:
that will use a default configuration to talk to 13:
the -- to menory DIMvs and then consult the SPD, 13:
per haps define other possible configurations. That 13:
woul d not be unusual . 13:
But it really just depends on how the 13:
particular host is configured. The SPD provides 13:
information, but the host is not conpelled to use 13:
that information. 13:
Q Okay. An SPD comruni cates with the host 13:

t hrough the so-called |12C bus; is that correct? 13:
A Correct. 13:
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Q And does it comrunicate with the AVMB t hrough 13:

the 12C bus as wel | ? 13:
A | don't see -- let ne |look. The AMB is on 13:

the SM bus, but | don't know whether or not they 13:
directly conmmuni cate or not. 13:
Q And "SM bus" is another word for 12C? 13:

A No. But SMbus is the bus that uses |2C 13:

t hat woul d be used to communicate with the SPD. 13:
Q Why don't you take a |look at Exhibit 1028, 13:
page 29 to 30, in particular the top of page 30. 13:
A | see that. 13:

Q So does that indicate to you whet her AMB 13:
communi cates with the SPD via the |2C bus? 13:
A. No. The host can communicate with the AVB, 13:

and that may be the bus that's being used. So | 13:
don't recall whether the host communicates with them 13:
each separately or whether or not they can 13:
communi cate wi th each other. 13:
Q. So the SPD bus interface signal doesn't nean 13:
that it is the interface between the SPD and the 13:
ANVB? 13:
A. Not necessarily. It may be the interface 13:
between the SPD and the host and al so be used to 13:
communi cate with the AVB. | don't see two 13:
connecti ons. 13:
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Q It says Advanced Menory Buffer Pin 13:
Descri ption, though. 13:
A Right. 1In other words, | don't see two 13:

di fferent connections, and there is a host 13:
connection that's described in JESD 82-20, and | 13:
believe that that's the sane one. 13:
Q. And the description you just referred to, 13:
where are they in Exhibit 1027? 13:
A. On page 3, you can see it in the diagramon 13:

the ower left. And where else? So if we |ook at 13:
page 4 of the docunent -- let me see. |1'msorry, 13:
it's page 5. It's wong in the -- in the table of 13:
contents. It's described as an "SM bus sl ave 13:
interface"” and usually to talk to an SPD chip, you 13:
need a master interface. 13:
Q. And in the section 1.4.3, "SMBus Sl ave 13:
Interface” in Exhibit 1027, it says: 13:
"The Advanced Menory Buffer supports 13:

an SMBus interface to allow system 13:

access to configuration registers 13:

i ndependent of the FBD |ink." 13:

Do you see that sentence? 13:

Yes. 13:

Q VWhat is the FBD |ink? 13:

A The FBD | ink are the northbound and 13:
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sout hbound | i nks. 13:
Q Okay. 13:

A | think it just stands for fully-buffered 13:
DM |link. And you can see that on page 6. 13:
Q And where on page 67? 13:

A It's called the SFBD Channel instead of the 13:
FBD |ink here, but it's the sane thing. 13:
Q. Okay. 13:

A. It says it's a conbi nation of |inks. 13:

Q Ckay. Do you know whet her AMB i ncl udes 13:
non-vol atile nmenories? 13:
MR. CHANDLER: Objection. Form 13:

THE WTNESS: | don't see any disclosure of 13:

a requirenment for that in 82-20. 13:
BY Ms. ZHONG 13:
Q. Are you aware of any AMB that includes 13:
non-vol atil e nenories? 13:
A. | don't know one way or the other. Mbst 13:

DI M woul d have non-volatile nenory in an SPD 13:
devi ce, such as is shown in JEDEC standard 205. 13:
Q But SPD is not AMB; is that right? Those 13:

are two separate conponents? 13:
A Those are two separate conponents -- 13:

Q Okay. 13:

A -- on the sane DI MM 13:
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Q " m aski ng you specifically whether you know 13:
whet her there is any non-volatile nenory in the 13:
advanced nmenory buffer. 13:

MR. CHANDLER: Objection. Form 13:
THE WTNESS: | don't know whether or not 13:
there is any inside, no. 13:
BY Ms. ZHONG 13:

Q. Are the registers volatile nmenory or 13:
non-vol atile nmenory? 13:

A. What registers? 13:

MR. CHANDLER: Objection. Form 13:

BY Ms. ZHONG 13:
Q Any registers in the AMB. 13:

MR. CHANDLER: Objection. Form 13:

THE WTNESS: Ordinarily, they would be 13:

vol atil e nmenory. 13:
BY Ms. ZHONG 13:

Q. What about the six that's specifically 13:
called out in that section we were just at? 13:
Page 29-ish? |Is that... 25 actually. Yeah, on 13:
page 25, there were six CSRs. 13:

A. Those woul d al nost certainly be volatile 13:
menory. That's why you get the instruction to store 13:
themin non-volatile menory or their val ues before 13:
entering S3 node and restoring them There would be 13:
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no need to store themand restore themif they were 13:
not in volatile nmenory. 13:
M5. ZHONG Can we go off the record? 13:
MR. CHANDLER: Sure. 13:
DEPOSI TI ON REPORTER: Off the record. 13:
(Of the record.) 13:
M5. ZHONG | will pass the wtness. 13:
MR. CHANDLER: COkay. Let's go off the 13:
record. 1'll check ny notes. 13:
MS. ZHONG  Ckay. 13:
(OFf the record.) 13:
MR. CHANDLER: No questions, but | did want 14:
to note that we would |ike an opportunity to review 14:
the transcript, make any corrections if needed. So 14.
to that end, if we could get the final transcript on 14:
Tuesday from yesterday, and then the final 14.
transcript fromtoday, | think we said Wdnesday, 14.
t he 22nd. 14:
And with that, the deposition is concluded. 14:
MS. ZHONG  Okay. Thank you, Dr. Wl fe. 14.
THE W TNESS: Thank you. 14:

(Ending tinme: 2:00 p.m)
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I, ANDREW WOLFE, Ph.D., do hereby declare
under penalty of perjury that | have read the foregoing
transcript; that | have made corrections as appear
noted, in ink, initialed by ne, or attached hereto; that

my testinony as contained herein, as corrected, is true

and correct.

EXECUTED this __ day of

2023, at ,

(City) (State)

ANDREW WOLFE, Ph. D
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I, JANI'S JENNI NGS, CSR No. 3942, Certified
Short hand Reporter, certify:

That the foregoing proceedi ngs were taken
before me at the tinme and place therein set forth, at
which tine the witness was duly sworn by ne;

That the testinmony of the wi tness, the
guesti ons propounded, and all objections and statenents
made at the tinme of the exam nation were recorded
stenographically by me 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 proceedi ngs, 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
laws of California that the foregoing is true and
correct.

Dated this 21st day of March 2023.

\ Y, :
JANI'S JENNI NGS, CSR NO. 3942

CLR, CCRR
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THEODORE W CHANDLER, ESQ
t ed. chandl er @aker botts. com

March 21, 2023
RE: Samsung El ectronics Co. Ltd. vs. Netlist, Inc.
March 17, 2023- ANDREW WOLFE, Ph.D.-5773633
The above-referenced transcript has been
conpl eted by Veritext Legal Solutions and
review of the transcript is being handl ed as foll ows:
___ Per CA State Code (CCP 2025.520 (a)-(e)) — Contact Veritext
to schedule a time to review the original transcript at
a Veritext office.
Per CA State Code (CCP 2025.520 (a)-(e)) — Locked .PDF
Transcript - The wi tness should review the transcript and
make any necessary corrections on the errata pages included
bel ow, notating the page and |ine nunber of the corrections.
The witness should then sign and date the errata and penalty
of perjury pages and return the conpleted pages to al
appearing counsel within the period of time determ ned at
the deposition or provided by the Code of Civil Procedure.
Wai ving the CA Code of Civil Procedure per Stipulation of
Counsel - Original transcript to be released for signature
as deternined at the deposition.
Si gnature Waived — Reading & Signature was waived at the

time of the deposition
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_X_ Federal R&S Requested (FRCP 30(e)(1)(B)) — Locked . PDF

Transcript - The witness should review the transcript and
make any necessary corrections on the errata pages included
bel ow, notating the page and |ine nunber of the corrections.
The witness should then sign and date the errata and penalty
of perjury pages and return the conpl eted pages to al
appearing counsel within the period of time determ ned at

t he deposition or provided by the Federal Rules.

Federal R&S Not Requested - Reading & Signature was not

requested before the conpletion of the deposition.
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I, ANDREW WOLFE, have read the transcript of my deposition taken on

March 16-17, 2023. Listed below are changes to the transcript that | wish to make

and the reasons for making them:

computer system
that is operating and
that is programmed
to interact with the
particular memory
module, the MB
receives information
from the memory
controller of that
host system; is that
correct?

A. That would
normally be true.

computer system
that is operating and
that is programmed
to interact with the
particular memory
module, the AMB
receives information
from the memory
controller of that
host system; is that
correct?

A. That would
normally be true.

Page:Line Now Reads Should Read Reason for Change
Q....the AMB will | Q....the AMB will
receive information | receive information
from the memory from the memory
controller of the host | controller of the host
system; is that system; is that
correct? correct?
A. It needs a little bit | A. It needs a little bit
more than that. . . . more than that. . . .
Q. Okay. So assume | Q. Okay. So assume
that if the FB-DIMM | that if the FB-DIMM
Is inserted into a Is inserted into a
memory slot, a memory slot, a

7:9_:15 properly configured | properly configured Typographical error
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Page:Line Now Reads Should Read Reason for Change
So how canthe FTT | So how can the VTT
be used to be used to
selectively terminate | selectively terminate
-l the address and the address and Misstatement. See
16:2—:4 _
command command 16:8.
information signals | information signals
but not the data but not the data
signals? signals?
So where on the So where are the
termination resistors | termination resistors
placed between the | placed between the
FTT pins and the VTT pins and the - hical
16:16—-:19 | address command address command ypographical errors
: . and misstatement.
clock signals to the | clock signals to the
DRAM, or they are | DRAM, or are they
terminated on the terminated on the
motherboard? motherboard?
27:11
46:17
46:25
478
47:12
47:16
47:19 VCC FBD VCCFEBD Typographical errors
48:8
48:19
49:2
49:13
135:17
135:22
Table 16, note 4, it | Table 16, note 4, it
says: "VTT of says: "VTT of
29:13-:15 | transmitting device | transmitting device | Typographical error
must track VRAM of | must track VREF of
receiving device." receiving device."
32:20 unknown DDR time | unknown DDR type | Typographical error
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Page:Line Now Reads Should Read Reason for Change
Not between the Not between the
39:21-:22 | three different FDD- | three different VDD- | Typographical error
derived power lines | derived power lines
And did Harris And did Harris
expressly suggest or | expressly suggest or
. disclose pinning disclose sequencing )
40:21-:22 VDD, VDDQ and VDD, VDDQ and Typographical error
VDDL VDDL
independently? independently?
A47:4-5 | very skilled in the art ;Jrreo;(rjtmarv skill in Typographical error
48:15 had given had been given Typographical error
one would one would
understand a pulse- | understand a pulse-
width modulated width modulated
voltage converter voltage converter
o that inverts between | that converts .
56:7-:10 those particular between those Typographical error
voltages in this particular voltages in
particular kind of a | this particular kind
system to be a buck | of a system to be a
converter buck converter
61:25 When the,words When the,word Typographical error
converter’s used converter’s used
I'm not really I'm not really
familiar with linear | familiar with linear
62:2—:3 | regulators being regulators being Typographical error
called inverters very | called converters
often very often
So as far as you So as far as you
75:4—5 | recall, FDRs don't recall, SDRs don't Typographical error
need a VTT? need a VTT?
4
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Page:Line Now Reads Should Read Reason for Change
| looked for buck | looked for buck
converters that could | converters that could
= . produce 3.3 volts at | produce 3.3 volts at )
83:5-1 sufficient currents to | sufficient currents to Typographical error
support a -- a SP- support a -- a FB-
DIMM. DIMM.
The words show up IThe wohrds sholvll/ up
later when | talk ater when | ta
about the VDDSPD
about the VSPD and
and refer back to
refer back to those
those paragraphs
paragraphs because
those paragraphs because those . Typographical error
83:16-:20 , paragraphs explain :
explain how a buck or misstatement
how a buck
converter can be
converter can be
used to generate a
used to generate a
step-down voltage
step-down voltage
from 12 volts, such f | h
as a 3.3V voltage rom 12 volts, suc
' ' as a 3.3V voltage.
I explain how those | | explain how those
paragraphs are used | paragraphs are used
to explain the to explain the Tvooaraphical error
84:7—:10 | reasons why one reasons why one oy&igststement
would supply VSPD | would supply
using a buck VDDSPD using a
converter. buck converter.
As a designer, if the | As a designer, if the
load at the peak is 20 | load at the peak is 20
to 30 milliamp, to 30 milliamp,
would you use the would you use the
8847 buck converter buck converter Typographical error

showing in Exhibit
1040, or would you
just use a new
regulator in that
case?

showing in Exhibit
1040, or would you
just use a linear
regulator in that
case?
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Page:Line Now Reads Should Read Reason for Change
the DIMMs are ﬂ:ﬁ,\,z:gfljl\gs ;rje |
96:14—:15 | powered supply rails RO Y SUDDTY Typographical error
rails from the host
from the host system
system
And if you use a And if you use a
o single conductor single inductor )
100:2-:3 multiple output buck | multiple output buck Typographical error
converter converter
_ the un-DIMM AMB | the on-DIMM AMB :
108:23 buffer buffer Typographical error
And for the potential | And for the potential
wide length between | wire length between
the transmitting the transmitting
device AMB and the | device AMB and the
. receiving device FB- | receiving device FB- :
109:5-8 | bIMM, would that | DIMM, would that | | YPOgraphical errors
wide length be wire length be
sufficiently long that | sufficiently long that
a VTT would be a VTT would be
required? required?
Where does Harris | Where does Harris
109:24-:25 | say if FB-DIMM is | say his FB-DIMM is | Typographical error
JEDEC compliant? | JEDEC compliant?
a standard FB-
a standard i DIMM socket
DIMM doesnt doesn’t supply 12 Typographical error
117:16-:17 | supply 12 voltsand | =~ PRly ypograp
volts and does or misstatement
does supply other
supply other
voltages
voltages
6
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Page:Line Now Reads Should Read Reason for Change
Q. When you say Q. When you say
bypass capacitors are | bypass capacitors are
capacitors that are capacitors that are
placed very close to | placed very close to
In this case a chip, in this case a chip,
which chip are you | which chip are you
referring to? referring to?
118:19— A. Probably every A. Probably every
o chip on the DIMM, | chip on the DIMM, | Typographical errors
119:1 : :
but most importantly | but most importantly
the DRAMs. the DRAMs.
Q. So you are Q. So you are
referring to the chips | referring to the chips
on the DRAM, not to | on the DIMM, not to
the, for example, the | the, for example, the
processes on the processor on the
motherboard? motherboard?
It's the power It's the power
131:24-:25 | voltage for the delay | voltage for the Typographical error
watt loop. delay-locked loop.
] buffer on a register | buffer on a .
137:10 DIMM reqistered DIMM Typographical error
I'm not aware of a I'm not aware of a
separate FTT voltage | separate VTT Tvooaraohical error
145:10-:12 | supply being used voltage supply being ypograp
N e or misttatement
with single data rate | used with single data
DRAM. rate DRAM.
150:2 Now, aside from the | Now, aside from the Typographical error
' 1.8 volt at PGA core | 1.8 volt FPGA core
7
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Page:Line Now Reads Should Read Reason for Change
Q. Okay. So for Q. Okay. So for
example, if the example, if the
industry standard industry standard
SDRAM is the SDR | SDRAM is the SDR
SDRAM, then you SDRAM, then you
only needed the 3.3 | only needed the 3.3
. volt to power it; volt to power it; e
150:14-:19 correct? correct? Clarification
A. Yes. But, of A. Yes. But, of
course, by the time | course, by the time
of the invention, of the invention,
SDRAM was quite | SDR SDRAM was
old and pretty quite old and pretty
deprecated. deprecated.
15495 And in the Figure 5 | And in the Figure 5
- embodiment, it embodiment you Typographical error
155:1 - :
relied on relied on
Q. According to Q. According to
Spiers, when are the | Spiers, when are the
SDRAM's data being | SDRAM's data being
o read? read? :
171:6-:9 A. There are lots of | A. There are lots of Typographical error
different times when | different times when
the SD data can be the SDRAM data
read. can be read.
_ I’m not sure that it’s | I’m not sure that it’s .
171:25 even bound. even bounded. Typographical error
And if you can take | And if you can take
a look at Exhibit a look at Exhibit
e . 2013. Does that 2013. Does that .
174:18-:20 describe a 64-bit- describe a 64-bit- Typographical error
wide SO-DIMM wide SO-DIMM
comprised of FDRs? | comprised of SDRs?
But you don't have | But you don't have
180:8—9 | 84-bit wide SD 64-bit wide SD -- Typographical error

DDR2 SDRAMs, do
you?

DDR2 SDRAMs, do
you?
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Page:Line Now Reads Should Read Reason for Change
Lz;rr;g:);?xplalned | simply explained
193:20-:21 . one set of obvious Typographical error
obviousness . -
: : implementations.
implementations.
204:3 ANDY WOLFE 'FA,‘A\I[[))REW WOLFE, Typographical error
A....Themoduleis | A....The module is
the PCI card, and the | the PCI card, and the
PCI connector is the | PCI connector is the
interface that interface that
217:24— | enclosed a plurality | disclosed a plurality :
218:3 of edge connections. | of edge connections. Typographical errors
Q. And so you're Q. And so you're
not relying on any not relying on any
other types of other types of
module powers? module interfaces?
A charge pumpisa | Acharge pumpisa
type of switching type of switching
P power inverter, power converter, :
224:23-25 usually for switching | usually for switching Typographical error
from a low voltage | from a low voltage
to a higher voltage. | to a higher voltage.
But a charge pump | But a charge pump
can also be used to | can also be used to
switch the plurality | switch the polarity of
225:2—:4 | of avoltage as well | a voltage as well Typographical error
from positive to from positive to
negative or negative | negative or negative
to positive. to positive.
A textbook buck A textbook buck
boost converter boost converter
would depend on an | would depend on an
225:18-:19 | inductor. A charge |inductor. A charge | Typographical error

pump can't operate
with capacitors
alone.

pump can operate
with capacitors
alone.
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Page:Line Now Reads Should Read Reason for Change
| think the marking 5 | I think the marking 5
volts to 3.3 voltsis | volts to 3.3 volts is
233:20-:22 T“’m'”?"- Th".’lt 1S t_he nomlnal_. That_ls t_he Typographical errors
inversion while itis | conversion while it
operating off of post | is operating off of
power host power
And for the Spiers And for the Spiers
grant, the VTT is for | Ground, the VTT is
terminating the for terminating the
address command address command
240:12-:15 | and the clock and the clock Typographical error
information from the | information from the
processor 198 to the | processor 198 to the
DDR2 or DDR3;is | DDR2 or DDR3; is
that right? that right?
So, yes, it's certainly | So, yes, it's certainly
possible that you possible that you
could have DDR could have DDR
modules that have modules that have
the same capacity as | the same capacity as
246:13—:17 | individual DDR individual DDR Clarification
chips, or DDR3 chips, or DDR3
modules that have modules that have
the same capacity as | the same capacity as
individual DDR individual DDR3
chips. chips.
253:17 | it’s the least obvious | it’s at least obvious | Typographical error
_ This note is specific | This note is specific :
262:5 to the IPU. 0 Vigy Typographical error
This is an exemplary | This is an exemplary
PCI power volt PCI power voltage
- detection chip that detection chip that )
263:2-4 was known at the was known at the Typographical error
time of the time of the
invention. invention.
10
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Page:Line Now Reads Should Read Reason for Change
It depends on how It depends on how
266:18—:19 | the person uses his | the person uses this | Typographical error
chip on the board. chip on the board.
9751 It does teaches that It does teach that his Tvooaraphical error
' his design is suitable | design is suitable ypograp
Coupled to can be Coupled to can be
interpreted interpreted
differently by lots of | differently by lots of
276:11-:13 | different courts and | different courts in Typographical error
my experience based | my experience based
on the totality of the | on the totality of the
context context
_ let’s say if the board | let’s say if the Board :
278:17 decides decides Typographical error
it is difficult to enact | 'S dIfficult o
: connect multiple
multiple regulator requlator outputs
280:5-:7 | outputs together g HID Typographical error
. together without
without some type of
. some type of a
a switch .
switch
But if the failure is But if the failure is
in the 5.5-volt power | in the 5-volt power
system if, for system if, for
. example, something | example, something :
281:1-4 Is shorting 5 volts or | is shorting 5 volts or Typographical error
something like that, | | something like that, |
would want to detect | would want to detect
that. that.
VRC isthe DRAM | DRC is the DRAM
287:23-:24 | controller mode controller mode Typographical error
register. register.
292:6 It’s called the SFBD | It’s called the FBD Typographical error

Channel

Channel

11
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| hereby certify that the transcript of my deposition on March 16-17, 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.

- ey -
L - ~
- e

= / - y
g pd A S

e

Executed on: March 26, 2023 T
~ “Andrew Wolfe
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