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PROCEZEDTNGS
RICHARD ZECH, PH.D.
having been duly sworn, testified as follows:
EXAMINATION BY COUNSEL FOR PATENT OWNER

BY MR. HELGE:

Q Good morning, Dr. Zech.
A Good morning, sir.
Q Dr. Zech, you provided an opinion

regarding U.S. patent 7,202,843 in this case; 1is
that right?

A That's correct.

Q This case that I'm referring to is LG
Display Company v. Surpass Tech Innovation LLC,
correct?

A Correct.

Q And the case number is IPR2015-00885,

correct?

A Well, I'll take your word for it.

Q I understand.

A I didn't happen to memorize that.

Q Fair enough. We are here for a deposition

on your declaration; is that right?
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A I believe that is true, yes.
Q Have you seen the notice of deposition for

this case?

A I don't believe I have.

Q Are you appearing voluntarily?

A Oh, yes, yes indeed.

Q And you are appearing probably pursuant to

that notice of deposition?
A I'm sure that was the case.
MR. BARROW: Yes.

Q Thank you. Dr. Zech, can you please state
your full name for the record?

A Be happy to. Richard, initial G, last
name Zech, Z-e-c-h, 130 Cresta Road, C-r-e-s-t-a,
Colorado Springs, Colorado 80906, (719) 633-4377.

Q Dr. Zech, I am going to stop you there.
What I don't want is any more information that you
might consider private.

A You are entitled to my full contact
information, although you have my card, but for the
record to make sure I'm the same person.

Q Thank you. I take it you have been
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deposed before?

A Once or twice.

Q Probably more than that; is that right?
A Many times more.

Q Probably at the beginning of all those

depositions the attorney who has been asking you
questions has stated some ground rules for the day;
is that right?

A Absolutely.

Q One of those ground rules that I think we
are doing a pretty good job at so far is only one
person can talk at a time because the reporter can

only take the transcript of testimony from one

person at a time. Do you understand that?
A I understand.
Q Dr. Zech, are you taking any medication or

do you have any other reason why you may not be able

to give true and accurate testimony today?

A Other than old age.

Q Understood.

A I haven't been taking any medicines.

0 And you can give true and accurate
PLANET DEPOS
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testimony today?

A I certainly hope I can. I'll do my best.

Q You'll let me know if you feel you are not
able to answer a question?

A Absolutely.

Q And you'll let me know if you have a
question about anything I have asked you?

A Absolutely.

Q One other thing that has come up recently,
but I suspect it won't come up here, is if I ask you
a question, I will need an affirmative verbal
response because head—-nodding and shaking of the
head won't get onto the reporter's transcript.

A I understand. I won't do it on purpose
but as the day goes on I may wear out and start
doing something like that. Please bring me up short
if T do.

Q Absolutely. Thank you. Dr. Zech, this is
a case before the Patent Tral and Appeal Board; do
you understand that?

A Yes, I do.

Q Have you been before the Patent Tral and
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Appeal Board or been offered as an expert before the

Patent Tral and Appeal Board before?

A No more than six times in the last year.

Q Have you been deposed in any of those
cases”?

A All but this one.

Q Okay, good. Something I'm going to read

to you comes from the Patent Office Trial Practice
Guide and maybe this has been read to you before,
maybe not, but I want to make sure you understand
the particular rules of this forum. "Once the cross
examination of a witness has commenced and until
cross examination of the witness has concluded,
counsel offering the witness on direct examination
shall not (A), consult or confer with the witness
regarding the substance of the witness's testimony
already given or anticipated to be given except for
the purpose of conferring on whether to assert
privilege against testifying or on how to comply
with a board order; or (B), suggest to the witness
the manner in which any questions should be

answered."
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Do you understand the paragraph as I have
just read it?

A That's the way it has been for the prior
five depositions.

Q Great. And so the way the board
interprets this is that even when I have concluded
asking questions and when your counsel may be
preparing to ask you additional questions during
this deposition, this prohibition against conferring
with your counsel still applies.

A Okay.

Q And so until we actually close everything
up with the reporter and shut the deposition down
for the day, this prohibition still applies. Does
that make sense?

A I understand it and I'll respect it.

Q Thank you. Dr. Zech, you submitted your
CV in this case back in March; is that about right?

A Yes, I believe so, about the same time

that I submitted the declaration.

10

Q Right. 1Is that CV still accurate?
A Probably not because, as I say, I have
PLANET DEPOS
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done depositions on five of the declarations I
submitted at about the same time I submitted the one
for LGD. But other than saying here's the case,
here is the fact that I did a deposition, probably
not very informative, but I'd be glad to supply Mr.
Barrow with an up-to-the-minute resume if that would
be helpful.

Q I'll just ask you, have you added any more
engagements to your CV since March?

A Yes, I have, yes.

Q Do you recall the case names or the
patents at issue in any of those cases?

A The only current activity of mine has to
do with a litigation that hasn't been filed yet,

it's prelitigation.

Q In that case please don't tell me anymore.
A I didn't intend to.
Q Thank you. So is that the sole addition

you think from your CV?
A I'm embarrassed to say I can't remember.
Q Why don't we do this. I'm going to hand

you exhibit 1011. Dr. Zech, does this document look

11
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familiar to you?

A It sure does.

Q Is that your name on the cover?

A It sure 1is.

Q If you were to turn to page —-- and this is

going to be a little bit tricky because some of them
are numbered sequentially and some of them have
these Bates numbers, but it looks like page 48 on

the bottom middle and page 654 using the Bates

numbers.
A Yes, sir.
Q Is that your signature there?
A It is indeed.
Q This is going to be page 662 and it's page

7 of 26 on your CV which is just a few more pages

beyond where we were just looking.

A I have the first page, for example.

Q Looking at page 7 of 26.

A Thank you. Yes, sir.

Q Do you see the top, this looks like your

litigation support experience, correct?

A Yes, sir, it is.

12
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Q At the top you have the Intellectual
Ventures case versus Canon and that appears to be
your most recent engagement listed on this paper.

A Oh, actually that engagement came in
January of 2015 and this following, the one with Mr.
Barrow here, so at the bottom of each section I have
the starting date and whether or not I have
terminated my work with this particular customer,
and every place you see the TBDs —-- oh, this is from
February, this is out of date unfortunately -- all
of these TBDs with the exception of this matter I
have been deposed on.

Q I see.

A Yes. I have not —-- it wouldn't do you any
good because I have not revealed anything about the
current work and I couldn't and shouldn't so it
wouldn't be on here anyway. But if you'll just —-

Q When you say current work, you mean the
prelitigation work.

A Prelitigation.

Q Understood. Thank you. So that

prelitigation is the only new engagement since this

13
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Intellectual Ventures v Canon case; 1is that right?

A Yes, to the best of my recollection. I
have been offered by one of the brokers, DDW
Brokers, expert witness brokers, probably 5, 6, 10
people, but they tend to get in early and the
lawyers won't be looking for an expert for 6 or 10
months from now.

Q Right, I understand. Dr. Zech, what did
you do to prepare for this deposition today?

A Well, I'll work backwards. Yesterday I
spent the day with Mr. Barrow, we went over my
declaration, the '843 patent, some other documents,
and prior to that I reviewed —-- oh, yesterday
included review of the Lee not patent but the
application and translation from the Korean. Prior
to that -- well, I didn't have a lot of time, so for
the last week or so, maybe two weeks, at a low level
I reviewed my materials on LCD products, did quick
scans through the declaration, the patents, other
documents that I relied on.

Q So let's start with the people that you

spoke with. You spoke with Mr. Barrow yesterday?

14
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A Yes.
Q Did you speak with any other attorneys?
A I did. 1Is it Kamir?

MR. BARROW: Kfir.

A Kfir, yes, he stopped in briefly. All we
did was say hello, no real interaction. Mr. Barrow
has been my primary contact on this in all regards.

Q Yesterday was the first day you met in
person with him?

A No. I met in person with him in either
November or December of last year, I don't remember
when.

Q Okay. We don't need to get into that.
Thank you. Did you talk with any nonattorneys about
this case prior to this deposition?

A No, sir.

Q Dr. Zech, let's go through some of the
documents that you mentioned.

A Okay.

Q I want to get my hands on what you
reviewed. So yesterday you looked at the '843

patent; is that right?

15
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A

Q

Yes.

You looked at your declaration?
Yes.

You looked at the Lee translation?
Yes.

Do you speak Korean?

No, but my wife does.

Do you read Korean?

No.

Did you talk to your wife at all about the

contents of the original Lee documents in Korean?

A

Q

No, not to my wife.

Did you talk to anybody else about the

contents of that document in Korean?

A

Yes.

Whom did you talk to?

My niece and my nephew.

Are they Korean speakers?
Yes.

Are they able to read Korean?
Yes.

What was the nature of your conversation

16
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with your niece and your nephew about the Korean
documents?

A Well, mainly —-- it involved entirely the
figures and I just wanted to make sure that my
guesses about what these Korean words represent were
correct.

Q Okay. Did you compare what you were told

by them to what you found in the English translation

of Lee?
A Yes, I did.
Q Did that information that you received

from your niece and your nephew match what you found
in the translation?

A They were spot on. I can't tell you how
impressed I was with the way they translated these
things. It included a lot of technical terms.
Neither one of them is a college graduate and have
no technical background so I was impressed.

Q When you say they translated, you are

referring to your niece and nephew?

17

A Yes. Just the figures.
0 Did you have them translate all of the
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figures with you?

A I think we went through most all, but I
really can't recall at this point.

Q So you are not sure how many figures you
looked at with them?

A There were quite a few as I recall but I
couldn't answer your question and say there were 20
of them, did I do all 20 or just 15 or what have
you. I'm pretty sure we did them all.

Q And you didn't spot any errors during that
process?

A No, that wasn't my mission. As far as I
know, there were no technical errors, although I
wasn't purposely trying to seek them out.

Q Dr. Zech, I just want to understand what
you Jjust said. You said you weren't trying to seek
out any errors; is that right?

A Yes. My mission was not to find errors
but to get the English meaning of the words so at
some future date if I chose to review it in detail,
say I didn't get a certified English translation,

I'd still be able to work with them.

18
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Q How did you get the Lee documents in the

first place?

A My guess is it came from Mr. Barrow.

Q You don't recall looking for it yourself
then?

A Well, I do have things from Lee but they
are patents, not that Korean application. I have

U.S. patents that have been issued to Lee.

Q Did you search for those yourself and find
them?

A I found those on my own.

Q Was that before or after you received the

Lee reference we are talking about in this case?

A I don't really recall.

Q But you didn't rely on any other Lee
reference in your declaration, correct?

A No.

Q And you didn't identify it in appendix B
which lists the documents that you relied upon in
this case, right?

A Yes. I did not use anything other than

the Lee translation.

19
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Q And so you found that your niece and
nephew's translations matched what is in the English
translation of Lee, correct?

A Very close, very close.

Q At any point was there a situation where
you deferred to your niece and nephew rather than
the English translation that we have in this case?

A No.

Q So the English translation is the primary
source of your understanding of Lee; is that right?

A Yes, sir.

0 You mentioned, i1if I recall, when you were
discussing the work you did yesterday that you
looked at some other papers. Do you recall what
those other papers are?

A Well, give me a moment to reflect and
maybe I can recall them all. We have already

mentioned the Lee translation, the '843 patent, my

20

declaration. I suspect we might have looked at the
petition coming from LGD. That's all I can
remember, sir. Sorry.
Q Dr. Zech, did you look at all at any
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documents from other papers filed with the Patent
Trial and Appeal Board relating to the '843 patent?
I can give you some examples if you like.

A No, that's okay. The only thing I looked
at was the Sharp petition.

Q The Sharp petition?

A Yes, it's in the public domain, I found it

on the Internet.

Q You looked at that yesterday?

A No, I didn't.

Q In the past?

A Sorry?

Q In the past?

A Yes, before I did my declaration.

Q You understand that Sharp petition was

denied on most grounds, correct?

A Yes, I got that impression from some of
the documentation. Oh, one other thing was your
document —-- having a senior moment here —-- it was
your reply, your response, and it was very clear to
me that Sharp had been denied.

Q Have you looked at any deposition

21
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transcripts from other cases against Surpass Tech
Innovation before the Patent Trial and Appeal Board?

A No, sir. Until this case I had never
heard of Surpass before.

Q I will tell you, I can represent to you
recently other depositions were taken of experts in
related cases dealing with the '843 patent,
depositions of experts provided by petitioners, and
so I was curious if you had looked at any of the
transcripts of those depositions and this would have
been in the last month or so.

A I understand your question. The answer is
no. Mr. Barrow did not share those things with me.
I didn't even know those depositions had taken
place.

Q Thank you. I am going to go back to last
week because you mentioned things that happened last
week. You said you looked at some LCD materials and
I'm curious what those materials were.

A Basically industry papers. The field of
liquid crystal displays, whether used for monitors

or televisions, 1s very complex and because I was

22
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working on other things as my resume indicates,
optical data storage drives, scanners, etc., and
really it's been a year since I have worked on this
case, I just wanted to refresh my memory.

Q So that was primarily for general
understanding of the technology?

A Exactly.

Q Did you rely on any of those materials in
preparing your declaration?

A I don't believe so.

Q Because I know they are not listed in
appendix B.

A No. In something like a declaration —-
and this year wasn't the first time I have done a
declaration —— I'm basically instructed to stick
closely to the program, that is you have patents,
you may have some other supporting documents, and I
should wait until my expert report, if there is
going to be one, to perhaps introduce some of this
material.

Q Okay. When you were reviewing those LCD

materials, did you come across any disclosure that

23
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would contradict what you said in your declaration?

A I don't believe so.

Q When you were reviewing those other LCD
materials, did you find any disclosure that may
contradict what you saw in Surpass's reply in the
Sharp case?

A Well, I don't really remember much about
your reply to the Sharp case so my answer would be
no.

Q And it's no because you don't really
remember what --

A I really don't. I try not to depend on
other people. If I say something to you, it's

because I'm saying it to you, not someone else.

Q Okay. Thank you, Dr. Zech.

A You're welcome.

Q You mentioned also some other documents
that you reviewed last week. Do you recall any of

those other documents?

A Pretty much what we talked about yesterday

and the tutorial material, as I call it.

0 What is that, doctor?

24
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A Those were the industry papers and what
have you, books, I have a number of books.

Q Dr. Zech, when was the last time you
looked at the prosecution history for the '843
patent?

A I know I have it and it had to be about a
year ago.

Q You looked at it in preparation for your
declaration, right?

A Oh, yes.

Q I know it is listed on appendix B. So you
are aware of the '843 patent issue in the Patent
Office, are you not?

A I am.

Q Do you recall seeing a document called
Reasons For Allowance that was issued by the
examiner during prosecution?

A Only most vaguely.

Q Do you recall that the examiner commented
on another reference called Ham, H-a-m, and the
reasons for allowance?

A No.

25
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Q And you don't recall looking for the Ham
reference in preparation for your declaration at
allz

A I really don't recall. 1It's been a year
ago and at my age I not only can't remember if I had
breakfast but if I did, what I had.

Q Understood. So Dr. Zech, let me ask you
this. 1In preparing your declaration, at any point
did you feel that you should compare the art that
you were relying on in this declaration against art
that was examined and looked at and considered by
the examiner in the prosecution?

MR. BARROW: Objection, relevance.

A Well, normally I would do that of course.
I just don't recall having done it in this case. As
I recall, we were on a very short schedule and I may
have done that, I just don't plain remember.

Q Would you have any notes if you had done
that?

MR. BARROW: I would caution the witness
not to reveal the substance of any privileged

communication.
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Q Sir, if you have notes, but not the
contents of those notes.
A Well, I have notes of course, but as you

say or as Mr. Barrow said, I can't reveal what they

are.
Q When was the last time you reviewed those
notes?
A Early this year probably.
Q Did you review them in preparation for

this deposition?
A Actually not. I forgot I had them.
Q Okay. Doctor, you looked at the petition

yesterday as well; is that right?

A Yes.

Q Did you review it in some detail, do you
think?

A No.

Q How would you describe your review of the
petition?

A We had quite a few documents to go through

and there were certain portions of it that were more

important than others, and I remember that we looked
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at those, discussed them, and the same with my
declaration, we only had one day.

Q Would you say that you reviewed your
declaration in detail yesterday?

A That I looked at more carefully, yes.

Q In reviewing your declaration, did you

sSpot any errors?

A Yes.
Q Would you describe those errors for me.
A I forget exactly where but figure 2 is

referenced and said that it's shown below and I
don't know what happened, it was in there
originally. I think I wanted to annotate it so I
took it out and then forgot to put it in.
Q Is there anything else that you noticed?
A No, nothing that I would call an error or

misrepresentation or anything like that.

Q So that was the only one that figure 2 was
missing?
A Yes, but I know it's in the patent so it's

not an entirely lost cause.

0 Was this a figure 2 from the '843 patent?
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A Yes.

Q So as you were going through your
declaration, aside from figure 2 that was missing,
did you see anything else that you would change if

you could go back and do it over?

A No, I don't think so.

Q So your declaration stands with that?

A Yes.

Q Dr. Zech, let's talk about LCD technology

in general.
A Sure.
0 When did you first hear the term

overdrive, do you recall?

A Sometime in the '90s --

0 1990s?

A -— at a conference.

Q If you weren't finished, I apologize.

A No, I'm through. I have a good memory but

20 years later or so it's not as good as I would
like it to be.
Q When you heard about overdrive in the

1990s, do you remember the context in which it was
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being discussed?

A Yes, I think I can say that with
certainty. The LCD products were not introduced
until about 1985. They weren't very good. 1In the
mid '90s they still weren't very good. Now if you
understand the physics, and I'm not going to put you
on the spot here, but to those who understand the
physics of the device, they know that you can build
a good panel and it is what it is. If you want to
improve its performance, you have to do things in
the electronics and you got to look at these as two
separate entities, LCD panel, electronics.

Now we are in a situation here where we
have a device whose inherent characteristic is what
we call RC, resistance capacitance. It's
essentially one big capacitor divided into M by N
pixels. Now RC circuits don't like to be kicked
around. You try to push them, they push back at
you. You turn them off. They are still charged,
drained from the capacitor part of it.

So an electrical engineer or a physicist

who understand the physics of it will say gee, those
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darn liquid crystal molecules are going to give us a
bad time almost no matter what we do unless we

provide an electric field strong enough to overcome

their reluctance to change orientation. So the way
you do that is —-- well, kind of work backwards. You
have a capacitance —-- for a particular pixel you

have a capacitance, you apply a voltage to it, C
times V gives you a charge, the charge provides the
electric field. So high on voltage, the bigger the
electric field, the more likely it's going to get
that cantankerous liquid crystal molecule to do what
you want it to do. For the record, a liquid crystal
molecule is what we call acicular, that is, it's
long and thin.

Q Can you spell that, please?

A Acicular. This early in the morning?

A-c—-i-c-u-l-a-r.

Q Thank you.
A Spelling is not my strong suit even as a
young man. Thank God for word processors.

But anyway, there's a whole range of

liquid crystals, and again I don't know if you are
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familiar with the subject or not, I'm not going to
try and embarrass you, but there are liquid crystals
that are relatively speaking this big and there's
some that, big and there's some everywhere in
between (indicating). They are what we call
nonlinear entities. That is, if you look at any of
the three axes of a liquid crystal, it's going to
have different properties. So it's nonlinear.

The capacitance you have in the pixel is
simply enough determined by the area of the pixel,
the distance —- divided by the distance between them
and what we call the permittivity, which is a
property of the liquid crystal molecule.

Q Okay. Doctor, that's very good but I want

to get back to the question a little bit.

A Did I not answer your question?

Q I don't think you did.

A I apologize.

Q I think you gave me a lot of good

background and we are going to come back to a lot of
those things.

A Sure.
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Q But I would like to cover the question of
overdrive. If you recall the question, I think it
was the context in which you first heard the term
overdrive.

A The context had to do with all the things
I just told you. People thought out the physics of
it, the electrical engineering of it, and concluded
that if we want a bigger E field to change the
orientation of that ligquid crystal module, we had to
have a bigger voltage.

Q Do you recall if that was within the
context of any specific type of LCD panel?

A No, it really doesn't matter. You know
physics is the same for all of them.

Q When you say all of them, are we talking
both passive matrix and active?

A Yes, it's fair to say that.

Q Do you recall when you first heard about
overdrive in the mid '90s whether it was directed
towards improving response time of an active matrix
or a passive matrix panel?

A Well, at the time the scientific and
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engineering interest was in what they call AM LCDs,
active matrix LCDs. Passive, well, it has no
application in TV or monitors so I wasn't interested
in it. I don't suspect anybody at the conference
was either.

Q Do you recall the conference you attended
when this came up?

A Probably one of SID conferences. That's
the Society For Information Display. I used to go
to a lot of conferences but those stand out. It
could have been at CeBIT, big German show, might
have been at the Consumer Electronics Show, but I
suspect it was at SID or possibly some special
conference whose name I have long forgotten.

Q Okay. But you think it came up in the
context of active matrix LCDs?

A Oh, definitely, yes.

Q Do you recall if you have ever heard of
the overdriving concept come up in the context of

passive matrix LCDs?
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looking at patents and providing opinions on
patents; would you agree with that?

A Well, I have been doing this type of work
for more than 25 years so I have on occasion been
involved in patent litigation, yes.

Q In that time, those 25 years, have you

developed any methodology for detailed analysis of a

patent?
A I'd say the answer is yes.
Q Could you describe that methodology? Just

for clarification, I'm talking about a patent that
you are providing an opinion on, not necessarily a
patent you are just reading for background.

A Sure, yes. I generally start by looking
at the front page and then the claims. I then go
through and parse the specification looking for
novelty, new technology, and anything that might
help or hurt the particular litigation. I have done
charting and I find that to be very useful, mine or
somebody else's. And then I analyze what I believe
are the pertinent facts and document them.

0 In terms of reading through the claims,
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what do you do when you find a term that you are
unfamiliar with?

A Well, the first thing I'll do is I'll look
for it in the specification. These days you can get
searchable patents. If in fact if you go to the
USPTO website, they have text only searchable
patents. But I'll start with the patent in
litigation, assuming it is, and I'll first search
through that, the specification. If I don't find it
there, then I have to go to some extrinsic sources.
I may go to a dictionary. I may go to various
papers that I rely on. And in desperation I may
call a colleague and say what the devil is this.

Q Do you ever go through that process of
checking the spec, looking through file history,
calling a colleague, looking for extrinsic evidence,
do you ever do that if you find a term in a claim
where you understand it but you want to know if
maybe that inventor has used it in a specific way in
this case?

MR. BARROW: Objection, relevance.

A Look, I see my function as finding out the
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truth about things and I'll do whatever it takes to
find out the truth. I don't always succeed
monumentally but I often do, and I try to take into
account for example patents that come from Asia,
they often have some very strange language in them.
We used to call it Japlish in the case of the
Japanese. I'm a reasonable man and I can generally
figure out what they meant, it's not necessarily
what they should have said but it's what they meant.

Q Okay. Had you heard the term
lexicographer in the context of claim construction?

A Yes.

Q What does that mean?

MR. BARROW: Objection, relevance.

Q What does it mean to you?

A To me it means that every inventor has a
right to define his own terms, be his own
lexicographer.

Q How do you determine whether an inventor
has decided to be his or her own lexicographer?

MR. BARROW: Objection, relevance.

A That's easy enough. They have some weird
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terms and if they are not terms of the art, as I
know them anyway, then I say whoa, we have things
being redefined here.

Q Have you ever run into an instance where
an inventor was a lexicographer of his or her own
terms even though those terms were used in the art?

MR. BARROW: Objection, relevance.

A Oh, I'm sure I have. I can't tell you a
specific example but I have looked at hundreds of
patents and when I worked a lot with the Japanese
companies I looked at patents that you know just
made my head spin from the way they were written.
But it's a random process. If you go through a
hundred patents you are going to find so many are
good, so many are bad, and so many are mediocre.
That's just the way the universe works.

Q So if you read through a patent for the
first time, you read the cover page and then the
claims, correct?

A Yes.

Q What do you do to ensure that you

understand the scope of those claims?
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MR. BARROW: Objection, relevance.

A Well, generally I won't understand the
entire scope of the claims until I have gone through
the specification in detail. Once I have done that,
I don't recall ever having any problems realizing
what the claims -- what their scope was. After all
the claims are the invention, right?

Q So why do you feel you need to read the
specs to understand the full scope of the claims?

A Well, often the claims are reciting things
that don't make sense to me and so I try my best to
figure out what they are really trying to say.

Q How does reading the specifications help
you on this?

A The specification teaches me what the
inventor is up to.

Q Is it the entire specification that you

read in that instance?

A Oh, yes.

Q So you read the background?

A Absolutely.

Q You read the summary of the invention?
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A The background, the summary of the
invention, the figures, a description of the

figures, the embodiments.

0 The abstract?
A Well, that's on the first page.
Q And that methodology is what you have

developed over your 20-plus years of experience with
patents, right?
MR. BARROW: Objection, relevance.
A That's correct.
Q Is that methodology consistent in every
case that you deal with?
MR. BARROW: Objection, relevance,
foundation.
MR. HELGE: What is the foundation
objection?
MR. BARROW: Can we hear the question
back, please?
(Record read.)
MR. BARROW: The fact he has talked about
a specific methodology. I don't think he has

actually testified to that.
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MR. HELGE: That's what we are trying to
establish. I'll ask the question again.

Q Dr. Zech, the methodology we have been
talking about here, is that methodology the
methodology you developed over your experience in
looking at patents in detail?

A Yes. I didn't have it from day one in
1990, but then the litigation was about optical data
storage of which I am a pioneer, so it was a fairly
easy and straightforward deposition lasting 15
minutes. But over the years ——- I'm an old dog but I
can still learn and I learned a lot from working
with my attorneys and even those that deposed me,
that were in opposition to me, and I'm a fairly
quick study. In fact, I have the letters Ph.D.
behind my name sort of indicates I'm not exactly
stupid. But on the other hand, I don't claim to be
a genius either and I worked hard at it, I took it
very seriously. I have been involved in cases —-
one case which we won, thank God, which was worth
300 million dollars. I take all of this very

seriously.
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Q And so you apply that methodology now
consistently; is that right?
A Yes, I do.
MR. HELGE: Can we take a 5-minute break?
A Anything you need. I know how painful it
is to have an injured back.
Q We'll go off the record at 10:19.
(Off the record 10:19-10:27 a.m.)
BY MR. HELGE:
Q Dr. Zech, you mentioned the references you

reviewed yesterday and you only mentioned in terms

of asserted prior art the Lee reference. 1Is that
right?

A Yes, it is. I can't think of any other
one.

Q Why did you only look at the Lee reference

and not any of the others that were asserted in the
challenges of the issue?
A I am going to tell you. I think the Lee

work 1s outstanding, it's one of the best patent
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what he's doing, and I figured there's no way you
aren't going to question me on it.
0 That's true. You did not review the Jinda

or the Miyai reference, however?

A No, I did not.
Q Why didn't you review those?
A To be honest with you, I don't know, I

guess I was not instructed. Mr. Barrow told me —-
Q Let's stop there.
MR. BARROW: Yes.
Q Dr. Zech, are you aware that the only
ground instituted by the board in this case is

claims for 8 and 9 of the '843 patent in view of

Lee?

A Yes.

Q Is that the reason why you only looked at
Lee?

A Well, now that you put it that way, I

could answer honestly yes, but I would have looked
at Lee no matter what.
Q I see. Dr. Zech, let's take a look at

your declaration —-
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A Yes, sir.
Q —— dealing with the '843 patent. As I

recall, you said you looked at the '843 patent

yesterday?
A Yes.
Q You looked at it briefly?
A Yes.
Q When was the last time you looked at the

'843 patent in detail?

A Probably about the time I did the
declaration.
Q Are you providing any opinion on claim

construction of the '843 patent?

A I'm not qualified to do that. I'm not a
lawyer, I'm an engineer.

Q Okay. Now in terms of trying to
understand the '843 patent, did you have to go
through that process that you talked about earlier
of understanding the claims where you would read the
specification to understand the claims?

A Okay, well, that's two different things

there. It's not that I'm unfamiliar with the claim
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construction, I had a chart I believe back in March
or whenever I did my declaration back in —-
interesting people don't put on dates anymore.
Anyway, I had some familiarity with the claim
construction or lack thereof and I factored that in
of course.

Q Did you perform any independent evaluation
of claim term meanings of the '843 patent?

A I'm not sure I know what you mean by that.

MR. BARROW: Objection.

Q You mentioned a moment ago that you had a
chart so it sounded like you had some document that
said this term of the '843 patent means X. Is that
accurate?

A Yes, I guess it was something like that,
but I think it was a comparison between what Surpass
believed and what LGD believed.

Q How did you understand the scope of the
'843 patent claims?

MR. BARROW: Objection, form.
A Forgive me, sir, I don't really understand

that question. It's so wide open that you'll get me
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talking again for 20 or 30 minutes.
Q I just want to understand, Dr. Zech. I
assume that you had the '843 patent in front of you

and you read the cover page, right?

A Okay.

Q And you read the claims?

A Okay.

Q And claims 1, 4, 8, and 9 were included in

the petition here?

A Yes.

Q So I presume at some point in trying to
understand the '843 patent you read claims 1, 4, 8,
and 9, correct?

A Yes.

Q And you told me a little bit ago about
your methodology for understanding the claims.

A Yes.

Q Did you apply that methodology when trying
to understand the '843 patent claims?

A I believe I did.

Q And so after reading the claims you would

have gone back and read through the entire spec,
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correct?

A Yes.

Q And in reading that specification did you
see anything that indicated that the inventor of the

'843 patent had acted as his own lexicographer?

A I think in a few cases.
Q Do you recall any of those cases?
A Well, the one that sticks in my mind is

transmission rate.

Q Tell me about transmission rate. Actually
would it be helpful if we had a copy of the '843
patent in front of us?

A It would be, but I can tell you about

transmission rate without it.

Q Why don't we start there.

A Okay. Transmission rate is not only not a
term of the art, it's not a term of anything. Let's
parse it and I'll explain. Transmission generally

in the context of these type of devices, LCD
devices, means the ratio of the input light to the
output light. Rate has to do with something

happening per unit time like 60 frames per second,

47

PLANET DEPOS
888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 47 of 374




10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

etc. The two words —-— I can't remember in my
lifetime where I saw them put together but I took
it, I interpreted it to mean that rate probably got
mistranslated, it should have been ratio.

Q And did you find anything in the '843
specification that supported that understanding-?

A Well, based on the figures and I'm sure on
some of the text I was able to take the meaning of
transmission ratio. You have to understand, the
term really bothered me because it was absurd and
I'm sure that —— I don't know Mr. Shin but I'm sure
he's smart enough not to put in a stupid term like
that intentionally, even being his own
lexicographer, because I don't recall he ever
defines it, and so I concluded rightly or wrongly
that it should have been translated as ratio.

Q So you interpreted transmission rate as
transmission ratio; is that right?

A Yes.

Q What does transmission ratio mean to you
in the LCD context?

A Well, it's telling you how much light

48

PLANET DEPOS
888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 48 of 374




10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

depending on where you want to start. Starting at
the back lighting unit to the observer, or a smarter
way because the losses are so great until the light
gets to the pixel, only about 5 percent of the
initial light gets there, maybe you want to take
that as your denominator and put over that the
amount of light that comes out and that would be the

transmission ratio, although technically you don't

need the word ratio. I mean transmission is
sufficient.
Q Are there any other words that are also

synonymous with transmission?

A Well, transmittance. FEach has a slightly
different meaning, but I don't recall that term
being in the patent, transmittance.

Q But transmittance to you as someone with
experience in LCD panels would mean the same thing

as transmission ratio; is that right?

A It would be close.
0 How would it be different?
A Well, transmission involves simple ratios.

Transmittance involves those ratios plus other
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factors.
0 What other factors?
A Oh, I don't remember, counselor.
Q So in your mind, transmission ratio is not

the same as transmittance; is that right?

A Like I said, close. In fact, I'd go
further and say it doesn't make a dime's worth of
difference because everybody involved should know
what we are talking about and the whole purpose of
the '843 patent is to control that transmission.

Q You say the purpose of the '843 patent is
to control the transmission. Is that the same thing
as controlling the transmission rate?

A I'm going to say yes because there is no
such thing as transmission rate. I'd be willing to
stand corrected if anybody can show me that in the
literature, in the dictionary or anything else. But
they are two different concepts. Rate, you want to
talk about that? Then talk about 60 frames per
second, that's a rate. But the amount of light that
passes through a pixel has to do with transmission

or transmittance or what have you.
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And by the way, I didn't add -- and I
apologize for this -- when I say pixel, I'm saying
pixel with a capital P. I'm making fun of the
calorie thing, big calories, little calories.
Everything that we tend to call a pixel is actually
made up of three subpixels for the red, green, and
blue signal, and if you want color accuracy and luma
accuracy, then you need to be able to reproduce what
the input video signal is telling you.

0 Are you aware of the Lee reference that
shows those three subpixels as part of a pixel?

A I don't recall, counselor. Sorry.

Q Do you recall if the '843 patent shows the
three subpixels as part of a pixel?

A I must give you the same answer. I don't
believe they do, but I honestly don't recall.

Q So when you talk about your use of the
term pixel with a capital P as referring to all
three subpixels, whether we use a capital P or a
lower case pixel does that change any analysis in
your declaration?

A No, and I made a little fun with you in
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the sense of capital P just to get through the idea
that it's not one entity but three sub entities.
People will say pixel. If there's any question in
your mind about what they mean, you should ask
because they may be talking about the three as one
or they may be talking about one of the subpixels.

Q Dr. Zech, can you agree with me that for
the rest of today if the difference between pixel or
subpixel affects your answer, you will let me know?

A Yes. I think I can tell you with
certainty that it doesn't, but let me make it even
simpler than that. We talk about a process, mainly
electronics, whereby we try to get the right voltage
to a pixel. Now the fact of the matter is you got
to get the right voltage to all three subpixels. So
it doesn't really matter. I would agree and we
should assume that when we say something happens to
a pixel, it's probably happening to all three.

Q Does the digital data coming in to be used
to drive an LCD panel specifically call out in one
frame or one subframe different data for each

subpixel?
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A Yes.

Q And in your general experience, are
different voltages being applied to different
subpixels to achieve a desired color?

A Yes.

Q Dr. Zech, we were talking about the term
transmission or transmission rate or transmission
ratio or transmittance. Is that about all the terms
that we can use to describe that concept?

A I am just as confused as you are. I once
offered a service where before you submit that
application to the USPTO, let me take your
application and go over it, correct any technical
errors if I find them, sharpen your abstract and
your claims, and I think I only had one customer for
that in 25 years. Despite the fact that my
business, the no. 1 principle is we do everything in
confidence, we never talk in public about our
customers' business. So here's the case, I'm saying
that if they had sent it to me first, we could have
gotten all this cleaned up, but it didn't happen.

Q Okay. 1Is there any other term that you
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could use in LCD technology to describe this
transmission or transmission ratio?

A Well, you got to look at this from the
perspective of the user of the device. Now he's
looking for a couple of things: resolution, which is
a function of how many pixels you have on the
screen, brightness, and contrast. Those are the
three main ones, whether it's a computer monitor or
television. And so as it turns out, there are
systems that can actually go and measure these
variables. There are even ones that can check your
color. And as a result, the concept of transmission
(finger quotes) being the amount of light that
reaches the user's eye becomes a fundamental one.

Now let me give you a case in point.
Let's talk about one of those pixels that has three
subpixels. We can generalize this, if you want but
let's just look at one pixel. Now they represent
the three color primaries, red, green, blue. Now
when you mix those in the proper ratio, you are
supposed to get the true color. If you don't, that

is you get your voltages screwed up or something or
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another, you don't get the true color. So
transmission is you know an indication of how close
you have come to getting things right.

0 And you don't know any other word that we
might use to describe that specific property, not
necessarily the color quality in general; is that
right?

A No, and you know I should add that I'm
really an optical engineer and I ought to know that,
but I don't like to speak with absolute certainty
about anything, but I am unaware in the 50 years I
have been in business of transmission ratios or
anything else —- I mean transmission rates.

Q Okay. So when you came across the term
transmission rate in the claims of the '843 patent,
what did you do?

MR. BARROW: Objection to form.

A Well, I didn't know what the hell the term
meant, to be honest with you, so I went to the
specification and after plodding through that two or
three times I still didn't know what it meant. I

mean I could infer from the text and the graphs what
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it probably was, but I hate uncertainty and so I
mulled it over and mulled it over and finally I said
this has got to be a translation error and that rate
probably should have been ratio. I mean I think
it's the '843 patent that has got that French
sounding word in one of its figures, it meant to say
controller but it says "controuer" or something or
another, now that was an easy one. But transmission
rate was very difficult.

0 In claim 4 there is the term control or
controlling the transmission rate.

A Yes.

Q Were you equally confused when you read

that phrase?

A Initially I didn't know what transmission
rate was. I can't say I was confused. I was
ignorant. Eventually I found out enough about the

term where I can understand claim 4.

Q How did you go about doing that?

A Well, as I have said before, it took some
research and a lot of thinking and eventually I came

to the conclusion they probably meant transmission
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ratio,

Q

in which case it was fine with me.

Let's take a look at the '843 patent

(handing document) .

A Okay. Thank you very much, sir.

Q Dr. Zech, does this document look
familiar?

A It sure does.

Q What document is this?

A This is the Shen patent U.S. 7,202,843 B2.

Q Do you see at the bottom the exhibit
number is LD Display exhibit 10017

A Yes, I do.

Q You have seen this document before, right?

A Yes, I have.

Q This is the document we have been talking

about that is the '843 patent, correct?

Correct.

Dr. Zech, can you please turn to figure 3

Be happy to.
Have you evaluated this figure before?

Yes, I have.
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Q Are you aware of what these different

elements show in figure 3 are?

A Well, once I figured out what signal
"controuer" was -- controller of course -- yes.
Q Do you see there is this dashed box 10 and

this is a reference numeral referring to the entire

dash area?

A Um-hmm. We talked about that.
0 When have we talked about that?
A When I told you that any LCD device has

two parts, the LCD panel plus the electronics.
Q Okay. To you numeral 10 refers to

electronics?

A Yes, 1t does.

Q And the LCD panel is referenced in 307
A Yes.

Q And you see a signal coming into

electronics labeled S sub C, correct?

A Yes, I do.
0 What does that represent?
A Well, it represents depending on the

application, either a computer signal or a
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television

signal. For purposes of this patent, I

think we can assume that it's digital -- could be

analog and

then you'd have to add an ATD converter

but that could be done in the signal controller.

The signal

controller is more than —-- you might

wonder what it's doing but -- and in simple terms

the incoming signal, S sub ¢, is not suitable for

developing

the voltages to drive the pixels so it

has to be amongst other things decoded, error

detected and corrected, reformatted, to be in a form

for which it could be passed on to the blur clear

converter.
Q
is passing
that?
A
Q
represent?
A

Q

So it looks like the signal controller 12

on two signals, G and C. Do you see

Yes, I do.

Do you know what either of those signals

I don't. May I look to refresh my memory?

Please do. You may wish to look to column

Thanks for the tip. Okay. The G frame
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signals and C is control signals. It just hit me

that above there you see the term composite video?

Q Yes, I see that referring to S sub c.

A Yes. You know what composite video is?

Q I would like you to tell me.

A I'd be happy to tell you. There's two way
a video comes to us. The old way, national

television standards committee way, well also c cam,
they take all the information, video and audio and
mix it all together, make one string, and then that
has to be broken apart at some other point to
process it.

What the term there should be or —-- you
asked me about that before and I didn't remember,
but what you want is component. At this stage of
development of LCD and of television standards, it's
component. Now what is component? Component video
says you take all of the pieces, the red, the green,
the blue signal, separate channels, the audio
separate channel, and they are transmitted
separately and they can be acted upon separately by

the signals, the control signals, C.
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Now I'm not sure exactly —-- let me go back
to 3 so I don't misrepresent or confuse anything
here. Yes, signal controllers, as I explained
before, you don't want to put trash into blur clear
converter so you have to go through this process of
cleaning up the signal. If it's a composite, you
probably want to break it into its components, you
know do error detection, correction, reform,
whatever is necessary. Of course you can't tell
that from a box with signal and a misspelled
controller in it, but I can assure you that's what's

going on there.

61

Q So C represents control signal; is that
right?

A Yes, that's what the specification says.

Q And G represents a frame signal; is that
right?

A That's a fair statement.

Q And those go into the blurred converter
14, right?

A Correct.

0 What is the function of the blur converter
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in the '843 patent?

A First of all, I had never heard of the
term blur clear converter and I struggled mightily
to find anybody who used that term before. So it's
new. Looks more like a marketing concept than a
technical one, but that's fine, no problem. Blur
clear converter is your signal processing element.

Once you have an LCD panel, and we have
had some pretty good ones even in the '90s, there's
not much you can do independently of the
electronics. In the '90s the electronics just put
out whatever signals were appropriate and you took
your chances. Signal processing allows you to vary
the data signals that come off the source driver
here, manipulate them in a way that you can overcome
some of the physical limitations of the LCD panel,
and we talked about that, the fact it's you know a
highly resistive capacity for circuits and they
don't like to be pushed around, etc., etc. So the
only avenue anybody has, Shen, Lee, you name it, and
there are numerous patents on the subject that

really are focusing on signal processing, that's the
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only avenue you have for improving the performance
of an LCD.

Q So what form of signal processing does the
blur clear converter form?

A Basically what it's trying to do is
determine what the next values from the source drive
should be on each pixel, so that's done by —-- and
that's not all explained in here but I'll tell you
what I think is done anyway. They have a number of
frame memories, frame buffers, if you want to call
them that, they have processing elements. What you
are doing is basically you are saying well, what
was, what's to be, and what's the difference, and
the overdriving, or underdriving as the case will
be, is done, applied.

Q So the blur clear converter performs
underdriving or overdriving?

A No. I think it feeds that information to
the source driver.

Q Do you have any understanding of what G
prime represents coming out of the blur clear

converter?
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A I'd have to look at the patent again.
Sorry, I didn't memorize these things.

Q Dr. Zech, I'll refer you to column 3,
lines 24 to about 28.

A There's nothing there about primes. Am I
missing something?

Q You are correct, although why don't I read
this aloud.

A Okay.

Q "Subsequently, the blur clear converter 14
continuously receives the control signals C and the
frame data" -- now that frame data is in the form of
frame signal G, correct?

A Absolutely.

0 I'll continue —-- "included in the frame
signals G and generates processed frame signals
G" -- now you are right, it doesn't say G prime, but
do you think that the process frame signals G
represent the G prime coming out of the blur clear
converter 147

A I do.

Q So G prime probably represents the
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processed frame signals G, correct?

A Yes.

Q And those processed frame signals G prime
include a plurality of overdriven data according to
the frame data; is that right?

A Yes.

Q So G prime probably represents processed
frame signals including a plurality of overdriven

data; is that right?

A That's what it says.
Q Okay.
A Yes, I left out the blur clear converter

also splits the frame and I assumed, and I hope you
assumed, the same, that the division of the frame
was in time, not in space, and by that I mean if it

were in space maybe the top half of the frame or the

bottom half some —-- but it's rather in time.
Q Maybe if you look at figure 5 —-
A Sure.
Q Do you see at the bottom it talks about

frame original and frame double?

A Yes.
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Q Is that what you are referring to when you

say it split the frame?

A Yes.

Q It generates two subframes for each frame?
A Yes, sir.

Q Dr. Zech, do you have an understanding of

what these pixel data values shown on figure 5 are?

When I say that I mean G, GN, GN(2), GN+1 and

GN+1(2). Do you see those?
A Yes.
Q Do you have an understanding of what those

represent?

A I have taken it to mean those are the
process pixels and when they say data value, that
doesn't necessarily have to be interpreted in terms
of anything but it's a relative scale.

Q The pixel data values shown in figure 5,
are these overdriven pixel data?

A I believe they are, sir.

0 So for each frame there are two overdriven
pixel data per frame?

A Yes.
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0 And this is consistent with the
declaration, correct?

A I believe so.

Q I have paragraph 47 which appears on page
17 of your declaration.

A Yes, sir.

Q The last sentence on page 17 of this
paragraph states, "Figure 5 reproduced below right"
—— 1t's actually above right —-- "shows two
overdriven pixel data GN+1 and GN+1(2) generated by
the blur clear converter 14 for each pixel in the

frame period N+1."

A You said page 177

0 Yes, at the very bottom.

A Okay. Paragraph 487

Q If you look about the middle of the page

there is a paragraph —-
A Middle of the page? Sorry.
Q The last sentence in that paragraph, can I

read that again to you?
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overdriven pixel data GN+1 and GN+1(2) generated by

the blur clear converter 14 for each pixel in the

frame period N+1." 1Is that correct?
A Yes.
Q So figure 5 is showing a plurality of

overdriven pixel data per frame; is that right?

A I think that's what I said initially, yes.

Q And you don't disagree with that sentence,
do you?

A Not at the moment, I don't see anything to

disagree about.

0 Okay. Dr. Zech, let's take a look back at
the '843 patent. I would suggest maybe it's good to
have both those documents close by.

A Sure.

Q Take a look at figure 7 on page 8. Dr.
Zech do you see reference numeral 14 referring to
everything in this dash box?

A Yes, I do.

Q You see control signal C coming into this
box, right?

A Yes, I do.
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Q And you also see a sync signal coming into
this box?

A Yes, I do.

Q And you see reference numeral G coming
into this box?

A Yes, I do.

Q I'll ask you this. Do you recall what
reference numeral 14 corresponds to?

A That's a blur clear converter.

Q So are we looking at an embodiment of the

blur clear converter here in figure 77

A I think that's a fair.

Q Because we have data G coming in.

A Sure.

Q Coming out of figure 7 I have signal C2.

Do you see that?

A Yes, I do.
0 What does that represent?
A Well, actually it represents frame

doubling as I recall.
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gives you C2, so if C is the control signal, then C2
should be a control signal.

Q And you said earlier the blur clear
converter doubles the frame, correct, into two

subframes?

A Yes.
0 Does that occur as a result of C2?
A Well, not necessarily as a result of C2,

but rather C2 provides control for each subframe.
0 I understand. Dr. Zech, do you see the

other output from the blur clear converter on figure

77
A The one for GN and GN(2)?
o) Yes, sir.
A Yes.
0 You see that?
A Yes.
Q What do those two data represent?
A Well, by definition it has to represent

the overdriven pixels, and when I use overdriven, T
use Shen's definition of that either up or down,

inclusive of both.
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Q Okay. So the output per frame is 2
overdriven pixel data per frame; is that right?

A I believe that's correct.

Q And that's consistent with what we just
talked about in figure 5, correct?

A Yes.

0 And now it's consistent with what's in
your declaration as well?

A I hope so, yes.

0 Dr. Zech, will you turn to figure 8. Do
you recall what's being shown here in figure 82

A Looks like another embodiment of the blur
clear converter.

0 And this is referred to as element 60,
correct?

A Yes.

Q And you have control signal C coming in in

the upper left, correct?

A Yes.

0 And you have frame data G coming in on the
left?

A Yes.
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Q And the output you have C2 again?
A Um-hmm.
Q Is that again a control signal

corresponding to the two subframes per frame?
A Yes.
Q What is the other output of this

embodiment of a blur clear converter?

A Well, again it has to be overdriven
pixels.

Q Is it two overdriven pixel data per frame?

A Yes. The actual notation there is —-

well, it should be only three dots, but it's telling
you that goes on and on and on. The next one should
be GN-3, GN-4, etc., etc.

Q Dr. Zech, can you take a look at column 3
again, please.

A Yes.

Q I am going to direct you to the very top

of the column.

A Okay.
Q Specifically the description of the
figures. Do you see those up there?
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A Yes, I do.
Q I'm going to read to you the first
sentence. "Figure 7 is a block diagram of the blur

clear converter according to the first embodiment of

the present invention." Did I read that correctly?
A Yes.
Q And that corresponds to figure 7 that we

just looked at, correct?
A Yes.
0 "Figure 8 is a block diagram of the blur

clear converter according to the second embodiment

of the present invention." Did I read that
correctly?

A Yes.

Q Figure 8 corresponds with the embodiment

we just looked at of the blur clear converter,
correct?

A Yes.

Q Are you aware of any third disclosed
embodiment of the blur clear converter in this '843
patent?

A I don't recall any, but if you are willing
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to give me a moment or two, I'd be happy to scan

through and see if there is one.

Q Please, let's get a clear answer on this
one.

A Sure. Would you repeat the question,
please?

Q Absolutely. Dr. Zech, are you aware of

any disclosed third embodiment of the blur clear
converter in the '843 patent?

A Well, I don't immediately see one. I've
got to answer you I don't know, and under the
circumstances this would not be the place for me to
sort of try and read between the lines.

0 Understood. You haven't seen in the last
few minutes that you have been reviewing the patent,
you haven't seen any term third embodiment of the
blur clear converter in this patent, right?

A I have not seen the term third embodiment,
you are right.

0 Dr. Zech, just for clarification, in the
embodiment that we talked about, figure 8, the

output was two overdriven pixel data per frame,

14
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correct?

A Yes.

Q And figure 7, the output was 2 overdriven
pixel data per frame, correct?

A I believe that's true.

0 And those are embodiments of the blur
clear converter shown in figure 3, correct?

A Yes.

Q Dr. Zech, are you aware of any other

driving circuits shown in the figures of the '843

patent?

A Well, if they are not shown in figures of
a specification, I don't understand —-- there
couldn't be any. I mean that document is an issued

valid patent but what you have is what you have.
Q So if we take a look at figure 1, does

that show a driving circuit?

A No.
Q Does figure 2 show a driving circuit?
A I could interpret based on my know-how and

knowledge that a driving circuit of some kind is

involved here.
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Q Is involved. But is it shown in figure 27

A The details, is that what you are asking
about, or block diagram?

Q I am simply asking does figure 2 show a
driving circuit.

A Nothing so labeled.

Q How about figure 3, would you characterize
figure 3 as displaying a driving circuit?

A Yes.

Q That's the one we have been talking about,

correct?

A Yes.

Q With the blur clear converter?

A Yes.

Q Does figure 4 show a driving circuit?
A Figure 4 shows the pixel architecture.
Q So you said before you separate the

electronics and the LCD panel, correct?

A Yes.

0 And this is the LCD panel?

A This would be in reference to the LCD
panel. By the way, the pixel architecture is very
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primitive and old fashioned. Nobody does it like

that anymore or did it even at that time.

Q Let's come back to that.

A Okay.

Q Does figure 5 show a driving circuit?

A No.

Q Does figure 6 show a driving circuit?

A One could infer that one was involved, but

no, it does not specifically show a driving circuit.

Q Okay. And figure 7 shows the blur clear
converter 14 that we talked about before?

A Yes.

Q That's part of the driving circuit shown
in figure 3, correct?

A Yes. It provides the output to the
drivers circuitry which in turns provides the
voltages.

Q And so it's an embodiment of the
electronics that we saw in figure 3, correct?

A I think that's a fair statement, yes.

Q Does figure 8 show an embodiment of the

electronics that we looked at in figure 37

17
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A

Yes, and this is not driving but this is

rather signal processing in both 7 and 8, and

there's a difference.

Q

processing

A

Q

A
Q
2 there —-
on line 61.
A

Q

diagram of

There's a difference between signal

and driving?

Oh, yeah -- yes. Sorry about that.

Does figure 9 show a driving circuit?

No.

Does figure 10 show a driving circuit?
No.

Dr. Zech, let's turn —-- you are on column

look down at the description of figure 3

Okay.
Do you see that phrase figure 3 is a block

a driving circuit and an LCD panel

according to the present invention? Do you see

that?

A

Well, counselor, it depends on how you

define a driving circuit. Now that's a misstatement

because what you have is a signal processor plus the

actual drivers. You could define, and I won't argue
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with it, that the whole thing is a driving circuit
but that's not the way I defined it in my answer to
you. They are separate entities, they do different
things, they have different designs. You can have a

quote driving circuit without any signal processing.

Q Dr. Zech, will you turn to column 3,
please.

A Yes, sir.

0 Take a look at line 15.

A Yes.

Q I'm going to read this sentence. "Please

refer to figure 3 showing a block diagram of a

driving circuit 10 and an LCD panel 30 according to

the present invention." Did I read that correctly?
A Yes, you did.
Q We go to figure 3. Do you see element 10

on that figure?

A Yes, I do.

Q Do you see the dash box that refers to
element 107

A I do.

0 Is the blur clear converter contained
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within element 10°7?

107

A

Q

element 107

A

107

A

Q

Yes.

Is the gate driver included within element

Yes, it is.

Is the source driver included within

Yes.
How about the panel control?
Yes.

Signal control contained within element

Yes.
Do you see LCD panel 307
Yes, I do.

Dr. Zech, do you agree that figure 7 shows

an embodiment of a blur clear converter contained

within driving circuit 10 figure 37

A

Q

Yes.

Dr. Zech, do you agree that figure 8 shows

an embodiment of blur clear converter contained

within driving circuit 10 of figure 37
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A Yes.

0 Dr. Zech, can you turn to column 2 of this
'843 patent, please? This is on page 12.

A Okay.

Q Dr. Zech, do you see in column 2 line 16

under summary of the invention?

A Yes.
Q I am going to read this to you and please
tell me if I make any errors. "It is therefore a

primary objective of the claimed invention to
provide a driving circuit of an LCD panel and its

relating driving method to solve the problem

mentioned above." Did I read that correctly?
A Yes, you did, sir.
Q So the objective of the invention of the

'843 patent is to provide a driving circuit of an
LCD panel, correct?

A Yes.

Q And a driving method of the driving
circuit of the LCD panel; is that right?

A Yes.

0 Dr. Zech, do you understand in that
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sentence I just read the problem mentioned above?
Do you understand what the '843 patent is talking

about of the problem mentioned above?

A Sure.
Q What is that problem?
A That problem is blur, image blur, which is

a function mainly of the source data, whatever
television or movie you happen to be trying to
watch. I think the difficulty we are having here,
counselor, is that I have a definition of the driver
circuitry that differs from that of Shen. It's
really not terribly relevant whether you talk about
it piece wise or as block 10. Its job is the same

thing, to get the right, correct wvoltages to the LCD

pixels.
Q Can we do a 5-minute break?
A Of course.

MR. HELGE: Going off the record at 11:23.

(Off the record 11:23-11:32 a.m.)
BY MR. HELGE:
Q Dr. Zech, I'm going to ask you a question

about the '843 patent's use of the term overdriving.
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Do you recall that the '843 patent discusses the

concept of overdriving?

A Yes.
Q And I believe you hinted at this earlier
when you talked about over or under. Do you recall

where the '843 patent discusses first the concept of
overdriving?

A Well, I know it's in here someplace. If
you want me to, I'll be happy to find it for you.

Q Paragraph 40 of your declaration points to
column 2, lines 2-7.

A Yes, we had talked about that before when
I said I took Shen's meaning that overdriven can be
either higher or lower.

Q Is that what's here at column 2, lines
2-772

A Basically, yes.

0 And you are referring to here where it
says, "in order to improve that" -- and I believe
that refers to blurring —-- "some conventional LCD
are overdriven, which means applying a higher or a

lower data impulse to the pixel electrode to
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accelerate the reaction speed of the liquid crystal
molecules so that the pixel can reach the

predetermined gray level in a predetermined frame

period." Did I read that correctly?
A Yes.
Q And that blurring is the problem that you

had said was discussed in the first sentence of the
summary of the invention, right?

A Yes, yes. I'm sorry.

0 As we continue on in column 2, the '843
patent is discussing curve C2 that's shown in figure

2, correct?

A I recall that it is.

0 That's correct?

A Yes.

Q As column 2 describes, "as shown by the

curve C2, in the case of being overdriven, although
the reaction speed of the liquid crystal molecules
is faster than in case of not being overdriven, the

transmission rate has to wait until frame period N+1

84

to reach T2." 1Is that right?
A That's what it says, yes.
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Q So overdriving in the standard frame rate

is not enough according to the '843 patent, correct?

A Yes.
Q Not enough to reduce blurring-?
A Yes. The technology of the '90s was not

very good at doing that. It was only 60 hertz

technology in those days.

Q Let's take a look at figure 4 of the '843
patent.

A Okay.

0 You mentioned earlier that this is not

generally how LCD panels are built now, I think you

said; is that right?

A Well, now and already by the turn of the
century.

0 So even at 2003 this is fairly
rudimentary?

A Yes, this would be a primitive pixel
architecture. The major change would be the

addition of a storage capacitor in the parallel with
the liquid crystal capacitor.

Q What is the purpose of the storage

85

PLANET DEPOS
888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 85 of 374



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

capacitor?
A It's to prevent charge leakage.
Q By charge leakage you mean that the

voltage from one frame to another would decrease?

A Probably, yes.

0 So the desired transmission ratio wouldn't
be achieved, is that right, or maintained?

A Well, that's right, you would get an
incorrect answer. I'm a little conflicted here, I
have to tell you, because when I look at this I'd
say okay, it's for illustrative purposes, but on the
other hand it's not my job to judge what the
inventor had in mind, and the problem I have here is
in my opinion I will tell you that the addition of a
storage capacitor would not make this method work
very well, it would be too much capacitance.

Q By 2003 was it very common to indicate a
storage capacitor in an LCD panel schematic?

A Yes. In fact, if you look at Lee, you can
see it that way. That's 2001.

Q So you were surprised in seeing no storage

capacitor in figure 4, correct?
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A I won't say I was surprised because Shen
is not the only one who has done this in a patent.
I have seen a number of them. Even in some papers
and textbooks today I occasionally see that, and
these people should know better. If you want a
smoother picture, put that storage capacitor in
there.

There are exceptions. I'm sure that if
you have a signal processing implementation of some
type, maybe you don't want to put the storage
capacitor in there. But a lot of this is trade
secret so I can't really tell you more than that.

Q Dr. Zech, LC molecules don't emit light,

correct?

A Ha ha. Not in my lifetime.

Q Have you heard of a phrase called the ramp
retrace?

A Ramp retrace, yes, there are electronic

instruments that do that.
Q Have you heard of the term ramp retrace in
the context of LCD technology?

A No, I can't really say that I have. A
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ramp is, as you know, a triangular section of either
current or voltage that can be terminated abruptly.
There's positive ramps, there's negative ramps.
Regardless, they still have to face the RC
capacitance resistance that we talked about earlier.

Q So ramp retrace isn't a common term used
in LCD technology?

A It's an electrical engineering term. It
really has nothing to do with LCD unless you have an
electrical engineer involved and he wants to talk
that way about it. If you are talking about —- I
mean we could really get into this -—- if you are

talking about ramps for example driving the gates,

doesn't happen. Then you would see square top
pulses.

Q Sorry, square top pulses?

A Square top pulses, yes. Also what we

haven't talked about here is there's some
technology, some designs in which at the end of the
frame you jam pulses through to erase everything
that's in the pixels through the gate lines.

Q Is that referred to as ramp rephrase?

88

PLANET DEPOS
888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 88 of 374



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

A No, I don't think so, at least I have
never heard it. This is such a big field. You got
to realize more than 100 million TVs and monitors
using LCD technology were sold last year. There's
dozens of companies, many with leading names,
Hitachi, Sony, Samsung, LG, and on and on, and then
you have got the Taiwanese companies, a few Chinese.
There must be over a thousand patents in the field.
It's just almost overwhelming.

Q Have you heard of the term hold drive in
the context of an LCD technology?

A Well, again, that's an electrical
engineering term. You know for example there's
sample hold. I'm not sure I know exactly what
sample drive —-—

o) Hold drive.

A —— what hold drive means. It could be
that it has to do with the fact that in some cases
the blur clear converter says hey, you know what,
this pixel is just fine and so no output is given to
that pixel.

Q So you have no understanding right now
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whether sample drive means the same thing as hold

drive?
MR. BARROW: Objection, relevance.
A No, I don't.
Q Dr. Zech, are you aware of whether the

background of the invention as described in the '843
patent uses the term control the transmission rate?

A It sounds familiar but I'd like to check
if you don't mind.

Q Please do. Specifically I'm asking the
background of the invention.

A Okay. I'll make a comment here if you
don't mind. He talks about 8 bit pixels. The

standard is 10. It's in the column 1, line 36, 36,

37. Now your question says controlling the
transmission rate. Do I remember that correctly?
Q Right, control the transmission rate or

controlling the transmission rate. Please let me
know if you see that term appearing anywhere in the

background of the invention.

90

A Well, I see transmission rate in column 1
referring to figure 2. Again, line 59, the term is
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used.

Q When you say the term --

A I'm talking about transmission rate. I'm
still looking for the word controlling. Well,
surprise me, counselor. I don't see the word
controlling in this background.

Q So the background as you have just read it
does not state the phrase control or controlling the

transmission rate, correct?

A I did not see it. Doesn't mean it isn't
there. I just haven't seen it.

Q Okay. Can you please turn to column 4,
line 22.

A Yes, sir.

Q Thinking back to our discussion before,

you agree that the driving circuit 10 shown in
figure 3 includes the blur clear converter both of
which embodiments we discussed output a plurality of

overdriven data per frame, correct?

91
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Q Beginning column 4, line 22, I'm going to
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pieces of pixel data in each frame period, and then
the source driver 18 generates two corresponding
data impulses according to the two pieces of pixel
data and applies them to the pixel electrode 39 of
the corresponding pixel 36 in order to control the

transmission rate and gray level of the pixel

electrode." Did I read that correctly?
A Yes, you did.
Q So this portion of the disclosure falls

within the detailed description of the invention,
correct?

A Yes.

Q And so the background of the invention
does not use the term control the transmission
rates, but the detailed description of the invention
does use the term control the transmission rate,
correct?

A Yes. I see where we have variance about
the box 10. When I talk about driving the actual
data values to the LCD, only the driver does that.
The blur clear converter doesn't do it, the timing

circuitry doesn't do it, the input processing
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93

circuitry doesn't do it. But on the other hand, if
you have to say 10 all together represents my

electronics that ultimately drives the LCD, fine, no

problem.

Q Dr. Zech, let's take a look back at your
declaration.

A Yes, sir.

Q Can we go back to page 197

A Yes, sir.

Q Do you see in paragraph 2 you have a table
here?

A You are talking about the '843 patent
terms?

0 That's right, sir.

A Okay.

Q You see the '843 patent and right next to

it are the Lee terms?

A Yes.

Q Do you see under the '843 patent terms you
listed overdrive?

A Yes.

0 You see the Lee terms?
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A Yes.
0 What terms are listed there?
A Let me explain this. I should have done

this in the declaration. Overdrive is a process of
actually doing something. Overshoot and undershoot
is a result of overdriving.

Q Okay.

A Normally —-- well, time is not on my side,
I had to do what I could do.

Q So what terms in Lee are you comparing to
overdrive from the '843 patent?

A I don't understand that question.

Q The '843 patent terms includes overdrive,
correct?

A Yes.

Q The Lee term that you are using as

corresponding to overdrive, what terms are those?

A Well, Lee calls them overshoot and
undershoot.
Q Okay. So your view is that overshoot and

undershoot in Lee are comparable to overdrive in the

'843 patent; is that right?
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A No. What I'm saying is that if you
overdrive something without proper design and
caution, you will get overshoot. But you'll get
overshoot no matter what because of the RC
capacitive situation. The figures in Shen you know
are not to be taken literally, they are illustrative
and I accept them for that. But I'd be very
surprised if you could actually do that kind of
curve, get that kind of curve.

Lee I think is a little bit more honest in
things. He says look, I'm going to overdrive them,
I know they are going to overshoot in the first
subframe but I'll correct it in the second subframe.
I think it's figure 12 in Lee.

Q Would it help you if we pulled out Lee and
looked at it along with this declaration?

A Wouldn't do any harm, sure.

Q I think you can put away the '843 patent
for a little bit. Dr. Zech, I'm going to hand you
what has been premarked as LG display document 2010.
Does that document look familiar to you? Are you

looking for the English version?
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A No, let's do the Korean version. Yes, I'm
looking for the English version. In my world
travels I have learned to speak survival Italian,
German, French, Spanish, I studied Russian
intensively for one year, but I have to tell you, I
have never been able to master anything but the food
words in Korean.

Q All right. Dr. Zech, you are looking at

figure 12; is that right?

A Yes, I am.
Q Figure 12 of the English translation?
A Of the English translation document LGD

under score 000600.

Q Okay. I'm looking at the same page then.
You were going to explain to me a little bit about
overshoot and undershoot and you referred to figure
12, so please continue.

A Thank you very much. Now let's examine
this curve. Let's start from the outside. The
independent variable is called transmission and we
have had that discussion so we don't need to do it

again. The dependent —-- independent variable —-
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transmission is the dependent wvariable, sorry, of
the subframes actually are the independent
variables. What Lee shows here is a typical 1 over
RCX positive voltage. Where it says loss, that was
not helpful. If you really want to interpret it,
forget that. Forget the gate stuff. Not helpful.
So anyhow, he shows to get to I guess we would call
it T2 in the language of Shen, he shows an
exponential curve which is applied voltage, it has
all the earmarks of function like V 0 times E to the
plus T over RC. Now he'd like it to stop at what we
have called T2. The problem is nature doesn't give
you that right. So he does what's called
overshooting, that's where his term comes. He
admits that you know I'm not going to do a cartoon
of what goes on, I'll show you the reality.

Now when he gets up to the end of the N
plus subframe, he's finally got this thing to stop,
you know he may have cut the voltage off, I don't
know, even before you get to the line T2. But the
charge keeps pouring out there, nothing he can do

about it.
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So finally knowing that he has overshot
due to overdriving, he puts in a negative, a minus,
E to the minus T over RC —— I'm just being very
generic here, okay? —-— which is of course a negative
voltage and that trims it down to what we have been
calling T2.

Q Dr. Zech, is it your testimony that N plus
and N negative are both subframes within one frame?

A I believe that's true, yes.

Q Okay. 1Is it your testimony that the
voltage being applied in the first subframe, N plus,

is applied in nearly that entire subframe?

A Well, according to the drawing, that's
correct. Excuse me. As I said before, it's not
that you want to. Nature doesn't give you any
choice. That voltage, even when you put the

magnitude to zero, you know it's going to go on and

put out some voltage beyond that.

98

Q Dr. Zech, why don't you turn back to page
594.
A It's in my —-—
0 No, still in the same document, 594 is
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figure 5.

figure 6.
A

Here it 1is.

Q

A

Q
then frame

A

Q
subframes,

A
horizontal

Q

indicating

Thank you.

You need to go backwards through the

Sorry.

Figure 5 is actually on the same page as

Yes, you are right, absolutely right.

Top of the page. See that there, figure

Yes, I do.

Do you see what appears to be frame N and
N+17?

Yes, I do.

Doesn't look like this figure is showing
correct?

No, not given the notation on the

axis.

Okay. For how long a frame N is figure 5

that there's actually an applied voltage

to the pixel?
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A Well, that's not readily determined. I
guess we could for the sake of an argument split the
difference between N and N+1, call that the frame
life, so that if you go up, you see if there's still
a voltage applied at the end of frame N. Now I
don't know if that's true or not, but given what I
have in front of me, I don't have much choice.

Q Dr. Zech, do you see a data impulse

applied in figure 57

A Yes.

0 Where is that?

A On the far left on the top applied data
voltage.

Q Where does that data impulse end?

A I don't know, quarter way through the
frame.

Q So that data impulse is being applied at
only a small portion -- let's say less than 50

percent of the entire frame length; is that correct?
A Looks like about 25 percent.
Q Is that common for driving LCDs that a

data impulse is only being applied for a small
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portion of the frame period?
A No. Simple answer to that. There are so
many variables. You'd have to define just about

everything before I could answer that.

Q Okay.
A I wouldn't put you to that.
Q But you agree that Lee shows in this

figure 5 that the applied data voltage impulse is
only occurring during a small portion, maybe 25
percent of the frame; is that right?

A Well, in this particular figure, but you
know it could have been drawn a lot differently. I
don't know why he chose this particular one, but I
don't take this as gospel. You know the applied
data voltage could be run the whole frame, for all I
know.

Q So your knowledge of how long a data
impulse is applied to a pixel depends on many

variables; is that right?

A Yes.
Q Let's take a look back at figure 12.
A Okay.
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Q Based on what we just talked about, do you
have an understanding about how long during subframe
N plus data voltage is being applied to a pixel?

A No. I could only infer that it's not much

different than figure 5.

Q But you don't know for sure, right?
A No. None of these things are explained.
There are no captions on the figures. You know, as

an engineering manager, if you brought me a document

like this, I'd fire you on the spot. Yes, I would.

I understand that you know this is the U.S. Patent

and Trademark Office and things are done

differently, but it doesn't make our job any easier.
Q Dr. Zech, you mentioned earlier that an

impulse usually has a flat top, correct?

A No. An impulse can be anything.

Q Could it be ramp?

A Could be a ramp.

Q Is it common in LCD technology to apply

variable voltage to a pixel over a subframe?
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A That's the whole business of driving the
pixel. You know it depends on what the intelligence
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of the system says that that particular pixel ought
to have in terms of overall luma, brightness, and

its RGB outputs, and there's no one simple answer to

that. We are talking basically again —-— I'll repeat
this —-- about a random process.
Q All right. 1In your paragraph 52 of your

declaration which you still have open there —-

A Yes, sir.

Q —-— you are comparing overdrive from the
'843 patent to overshoot and/or undershoot of Lee,

correct?

A No.
Q Okay.
A I'm not comparing, I'm just listing the

terms and about 5 minutes ago I explained to you one
is the cause, the other one is the effect, but the
effect can only come if it has this cause.

Q Understood. Is there any other effect of
overdriving disclosed in Lee?

A Not that I recall, counselor. By the way,
if I may add, overdriving isn't just an open-ended

thing. You push it too far, you introduce other
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artifacts into the image. So it's something that
has to be fairly tightly controlled.

Q Does Lee disclose tightly controlling
as ——

A No, none of these guys do. At that time
period they were interested in trying to control a
problem that wasn't their fault, that is, what I'm
saying is the TV program or the movie you know if it
has chop chop, a lot of action stuff, there's some
image blurring. That's not the fault of the LCD
other than it's only a 60 hertz machine. If you
build or emulate 120 hertz machine, you take a final
leap forward in terms of your blur minimization or
elimination.

Q Dr. Zech, let's take a look at paragraph
63 on page 24.

A Yes, sir.

Q In paragraph 63 you are discussing gray
level signals with respect to figure 12, correct?

A Yes.

Q You agree that figure 12 does not show any

gray level signals, correct?
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MR. BARROW: Objection, form.

A Did I say that? That doesn't sound like
something I would say. Anyway, the way you got to
view this is you are looking at a single pixel.
Every pixel or subpixel has its own gray level
ranging from pure white at the one end and pure
black on the other, or so they would have you to
believe. There is —-— no, I couldn't tell you what
gray level is involved here, no, that's impossible.
Again, there was no discussion of that.

This stuff is standardized in some cases,
the gray levels, okay, but probably not when these
patents were done, probably not. I mean we knew
about gray level and Kodak could sell you a gray
level chart and all of that, but these days you know
they can refer to gray level by number and you go
look at the chart and see what number is it is. I
don't think you could do that back in 2003.

Q Do you see the value of the signals being

applied to the pixel in figure 127

A Value. No, no, I don't.
Q Because figure 12 is showing transmission
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versus the frame, correct?

A Yes.

Q So you can't tell the value of the signal
being applied in sub frame N plus, correct?

A I don't believe I can.

Q You can't tell the value of the signal

being applied in sub frame N minus, right?

A Yes. I would comment that this is a
generic diagram. I'm trying to illustrate the
principal.

Q So you can't understand the levels of the

signals being applied to the pixels from this
figure, correct?

A No. I don't see why you would have to.
The figure tries to teach you something and it does
it in a generic fashion. It's very common in
scientific and engineering writing.

0 In the context of an LCD pixel, what is a
target value?

A I don't know what you mean by the target
value. The only thing I could infer from that is

that you are talking about the brightness of the
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perceived pixel output and that varies all over the
map depending on what product you buy and what kind
of back lighting unit it has.

Q Why don't you turn to page 25 of Lee.
This is the English translation, Dr. Zech.

A Okay, I'm glad it is. Otherwise we'd have
to wait until my nephew and niece got here.

Q Like you, my Korean is rudimentary as
well.

A Just don't mention eating dog. You said

25 I believe, sir?

0 Yes. Are you there?

A I am indeed.

Q Take a look at lines 9-13.

A Okay.

Q Why don't you read that to yourself and

let me know when you have completed it.

A I shall. Okay.

Q What did they mean when they said
originally desired target value?

A We went through that. Let's look at the

curve, 12. We have called that line up on top T2 to
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be consistent with other figures.

0 And that line is the line —-

A That's the desired level of transmission.
Q Okay.

A Now what he's simply saying there is look,

I overdrive this thing and I wanted to stop at T2
but it doesn't want to stop at T2, it goes on —-- and
again this is illustrative, it's almost a cartoon —-
so being unable to precisely control when this
signal stops, he runs up to the point where it does
stop.

0 That's at the end of N plus, correct?

A At the end of N plus. Now of course
that's not very good, right? That's not the
solution to the problem. But you know, this is all
done by test and measurement to see how these things
work out. There's some analytical work that goes
along with it. But he or his computers can and the
firmware he writes for, he can figure out that this
is going to happen or approximate it anyway, and so
he'll hit it with another pulse which is negative to

take you down from that voltage level where you
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don't want to be down to T2 where you do want to be,
and his only constraints are he has got to do that
within the two subframes, in other words, the whole
frame.

Q And so what is the originally desired

target value discussed on page 25, lines 9-137

A It's the line we call D2.

0 So it 1is the desired transmission?

A Yes.

Q Doctor, in paragraph 52 you talked about

overdriving in the '843 patent and overshoot and

undershoot in the Lee reference. Do you recall
that?

A Yes, I do.

Q Do you include anything about rollback in

the Lee in that table?

A Rollback is not a term that was used in
either patent that I'm aware of. Was it?

Q Let's take a look at page 25, lines 9-13.

A Oh, oh, rolled back. What he is simply
saying is I put too much voltage on the pixel, now I

got to correct that overvoltage. That's what he
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means by rollback. I'm sorry. I remembered rolled
back but not rollback, which could be a different
thing. Okay, we are set on that.

But basically that's his version of —-

excuse me a moment —- of underdriving and even with
underdriving and he gets some undershoot. There's
no perfection in any of this. We are looking at

highly idealized figures. I guarantee you that's
not what you get in the laboratory.
Q Do you compare rolling back to

underdriving according to Lee; is that your

testimony?
A They are using different words but the
concept is —-- the concepts are standard. I wish

there was a standard dictionary that went with this,
but there isn't. I don't know who translated it but
he may not have read Shen first. Oh, he couldn't
because Shen was not around.

Q Let's take a look again at page 150, line
12-13. Line 11: "A driving with the overshot wvalue
rolled back to an originally desired target value is

conducted in a second subframe end minus." Did I
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read that last part correctly?

A Yes, and that's what figure 12 shows.

Q You told me that you cannot determine the
level of the signals applied from figure 12,
correct?

A No, there's no indication. I mean it
should be on the figure itself.

Q But it's not, right?

A But it's not, and that's why I say these
are highly idealized teaching curves, there are no
real scientific data can be derived from them, but a
concept can be taught.

Q So from figure 12, is there any disclosure
that allows you to conclude that rolling back to an
originally desired target value means underdriving?

A Well, I don't know how else you would do
it.

Q But you can't determine the level of the
signal being applied to the second subframe?

A Why do I have to? The curve makes it very
clear what's going on.

Q What is it from the curve that indicates
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in the second subframe that it must be underdriving?
A Well, the fact you are decreasing the

voltage from whatever level it maximized at down to

T2.

Q Why does that require underdrive?

A How else would you get down to T27?

Q Are you saying there's no other way to do
ite

A In an LCD? Nothing occurs to me.

Q What about driving to the originally

desired target wvalue, would that get you there?

A Well, if you could do it. But as I have
explained several times, that's a very hard thing to
do because of the RC nature of the circuitry.

Q So Dr. Zech, I want to make sure I
understand. Your testimony is that driving with the
overshot value rolled back to an originally desired
target value means underdriving; is that right?

A It's equivalent to underdriving, yes.

Q Is there anything in the Lee reference
that tells you that that's the case?

A I don't recall. 1I'll happily go through
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it, but Lee is very clear about what he's doing and
why and anyone with ordinary skill in the art would
be able to readily interpret and understand what

he's saying.

Q Turn to page 28, please.

A Which one, sir?

0 28.

A That's in the Lee?

Q Yes, sir.

A Okay.

Q At the very bottom of this page actually

beginning on line 18, Lee is discussing the second
embodiment of the data gray level signal
compensation portion. Do you see that?

A Yes.

Q Bottom of page 28 is going to carry over
to 29. At the top of this paragraph on page 29 —-
I'll give you a moment, you are reading —-

A Okay, I have read to line 9.

Q Thank you, Dr. Zech. Beginning at the end

of line 4, Lee is discussing the first compensated

gray level signal, correct?
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A Yes.

Q It says, "the first compensated gray level
signal is an overshoot compensated gray level signal
in case of the gray level signal of the current
frame greater than the gray level signal of the
previous frame and is an undershoot compensated gray
level signal in case of the gray level signal of the

current frame less than the gray level signal of the

previous frame." Did I read that correctly?
A Okay.
Q Is that correct, Dr. Zech?
A Yes, it 1is.
Q So Lee tells us that the first compensated

gray level signal is either an overshoot or an

undershoot compensated gray level signal, correct?

A Okay.

Q That's what it says here, correct?

A Okay.

Q Is that right?

A Yes.

Q Okay. Let's move to the next paragraph

beginning line 10. Do you see that paragraph?
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A

Q
gray level

A

Q
tell me if

gray level

Yes.

It's talking about the second compensated
signal, correct?

Yes, it is.

Please read through this paragraph and

it ever says that the second compensated

signal is an overshoot or an undershoot

compensated gray level signal.

A

Well, it could have been written better

and I certainly would not have used since he's

talking about —-- okay, I would have called it

undershot rather than overshot, but it seems to

describe figure 12 correctly.

Q

gray level

Does it say that the second compensated

signal is an overshoot or undershoot

compensated gray level signal?

A Well, he calls it overshot.
Q Does he?
A Yes, he does, in line 11.
Q What does he say, please tell me —-
A "By making an overshot value down to an
originally desired target value." That's exactly
PLANET DEPOS
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what we see in figure 12.

0 Isn't that overshot value the overshot
value as a result of the first compensated gray
level signal?

A Oh, do you mean it's needed because of the
overshot?

Q I'm just asking you if that's what Lee is
talking about.

A I am trying to understand your question.
Yes, you need it because, as I explained before and
Lee honestly portrays, these driving voltages tend
to get out of hand and go past where you want them
to go. You don't have a braking system, in other
words.

Q You go past where you want to go as a
result of an overshoot compensated gray level signal

in the first subframe N plus, correct?

A Yes, and that came from overdriving.

Q In the first subframe, correct?

A Yes, in the first.

Q In the second frame the second compensated

gray level signal is applied, correct?
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A Yes.

Q And that second compensated gray level
signal takes that overshot value down to an
originally designed target value, correct?

A Exactly as the figure shows, yes, correct.

Q And does Lee say that the second
compensated gray level signal is underdriving?

A He doesn't use those words. In fact,
overdriving and underdriving are —— I don't know if
he uses them at all anymore. But I explained there
is a direct connection between the two concepts, one
is the cause, the other is the effect. Lee chose to
talk about the effect. Shen chose to talk about the
cause.

Q So where does Lee say that the second

compensated gray level signal is underdriving or

overdriving?
A Well, as I said before, he uses the word
over —— wailt a minute, let me get this straight.

Okay, let's start on line 10. We are talking about
the second compensated gray line signal. A

compensated gray line signal by making an overshot
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value —- he should have said undershot there in my
opinion, but it's neither here nor there. But the
meaning is clear, especially when you look at this
with respect to figure 12, down to an originally
designed target value. This is the key thing.

Getting down to that desired target value that we

have chosen to call T2 —— or I have chosen to call
it that.
Q So your testimony right now is that

overshot value is a typo?

A Well, it could be a typo. I don't really
know what was in the mind of Shen. But a more
accurate description would be to have said it was

undershot rather than overshot.

Q It doesn't say that here, right?

A No. It says overshot.

Q Okay.

A But I think the meaning is clear with

reference to figure 12.
Q Dr. Zech, let's take a look at this one
more time.

A Okay.
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Q I am going to look at the first half of
that paragraph beginning on line 10 on page 29. Are
you with me?

A Yes.

Q Do you see beginning at the end of line 11
we are talking about "in case of the gray level
signal of the current frame greater than the gray
level signal of the previous frame"? Does that
describe figure 127

A It strikes me that that paragraph talks
about just the opposite of what figure 12 shows.

Q How's that?

A Well, the way I read it is that you are
looking at a situation where you have a lower value
than what's needed —-- or a higher value than what's
needed and you want to bring it down. If you
reverse the figure 12 and apply the same logic,
you'll get the same result in terms of overshooting
and undershooting, only instead of overshooting
initially, you undershoot and now you have so do a
little bit of overshooting to get to the desired T2

level. For the life of me, I don't know why they
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are describing this in these terms, but you know

it's what it is, I can't do anything about it.

Q

I am going to take a look at page 24 of

your declaration. At the bottom you are showing

figure 12. Do you see that?

A

Q

Not yet. ©Now I see it, yes.

In figure 12 of Lee as shown in your

declaration, page 24, the first subframe N plus —-

A

Q

Right.

—— shows an overshot value at the end of

that subframe, correct?

A

Q

Yes, 1t does.

And the second subframe shows according to

Lee taking that overshot value down to T2, correct?

A
Q
you, is
A

Q

A

Q

have no

Correct.

And that T2 is what Lee sees, according to
the original desired target value, correct?

Well, it's the target wvalue.

So in the second subframe N minus —-

Yes.

—— I believe your testimony is that you

way of knowing what the level of the voltage
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being applied in that second subframe is, right,
from this figure?

A Nobody would know. No, it's not possible.
Needs to be indicated.

Q And on page 29 of Lee, lines 10-15, the
first three lines there, "the second compensated
gray level signal is a compensated gray level signal
by making an overshot value down to an originally
desired target value in case of the gray level

signal current frame greater than the gray level

signal of the previous frame." Is that right?
A That's what it says.
Q And they don't say here in that portion

that the second gray level compensated signal is
underdrive, do they?

A Well, the word underdriving does not
appear there, I can see that. But anybody who
looked at figure 12 in the N minus cell frame, you
don't have to even be of ordinary skill in the art,
just somebody who has had enough math to know what
the hell they are looking at.

Q Where does your declaration explain that

PLANET DEPOS
888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 121 of 374




10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

concept?

A Which concept?

Q That in your view signal level in the
second subframe must be underdriving.

A I probably don't explain it because to me
it's so obvious that I didn't feel it was necessary,
and if you had questions, I'm sure you have an
expert who can come and say yes, this is how it
works.

Q So you didn't feel it was important to
explain that; is that right?

A I didn't say it was not important. I just
said it was unnecessary, in my opinion.

Q Is there anything that you felt was
unnecessary to explain in your declaration?

A No. I said what I thought was important
and needed to be explained and I explained it.

Q So even though you can't determine from
figure 12 the level of the signals that are being
applied, you felt it wasn't important enough to
explain in the declaration; is that right?

A That's right. What difference would it
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make if you know what the voltages were? Wouldn't
make a dime's worth of difference in my opinion. I
mean you want to pursue that? Okay. But there is
no mention of voltage values, curve values, other
than —-- timing is not mentioned other than if you
have 60 frames per second, you have 16.7
milliseconds per frame to get your work done.
Neither patent really goes into details about the
actual measurements and numbers. That's not
required of a patent, as I understand.

Q Dr. Zech, is it correct that sitting here
right now you have no idea whether in the second

subframe N minus is performing underdriving or

overdriving?

A I do know. He's underdriving.

0 How do you know that?

A By the shape of the curve.

Q Is there anything else that you know that
from?

A I don't need to have anything else. The

shape of the curve tells me all I need to know.

Q Is rolling back synonymous with
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underdriving according to Lee?

A No, I'm not going to -- I don't know what
—— I don't necessarily agree with that. I would not
necessarily have chosen rolling back in my own

writing, but I don't see anything wrong with it

either.

0 What does it mean?

A Rolling back?

Q Yes, sir.

A Let's look at curve 12 again. We have a
maximum value at the end of N plus, okay. Rolling

back in this context means I screwed up or I went
too far or the system didn't work for me, now I have
got to drive that voltage down in the N minus
subframe to T2. Call it rolling back, decreasing,
minimizing. You know there are a lot of terms that
one could have used.

Q So rolling back refers to the shape of the
curve on figure 12, is that right, in the second
subframe N minus?

A No. It refers to the function that's

performed which is decreasing the voltage from
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whatever value it is at the peak here down to T2.

Q Which is the originally desired target
value?

A Yes.

Q And your testimony is that rolling back

must mean underdriving?

A In the general use of the term, rolling
back means go to a previous condition. That's why I
would not have used that term myself.

Q What does it mean in Lee?

A In Lee it means decreasing from the
maximum value of the overshoot down to the T2 level.

Q So rolling back refers to a result and
not --

A No. It refers to a process. The result
is a voltage at the T2 level.

Q How do you perform the process of rolling
back?

A Whatever signal process that you have
tells you how much you have overshot and tells you
how much you must roll back, which means decrease

the existing. When you look at the end of N plus,
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you are looking at a voltage there, that's a maximum
voltage that you put on the pixel. Not good. You
don't want to be there. You want to be at T2. So
you need to apply a negative voltage to bring that

back down and that's what he means by rolling back.

Q Applying the negative voltage means
underdriving?

A I think so.

Q But Lee doesn't say that, right?

A No, he doesn't use that term. He likes
overshooting and undershooting. Right?

Q He doesn't say that in the second subframe

N minus that it's undershooting, does he?

A He doesn't use that terminology.

Q Let's take a look at page 25 of your
declaration.

A Okay.

Q Sorry, you were on the right document.

Sorry, Dr. Zech. Go ahead and turn the page there.
There you go, one page. As I understand your
testimony, you are saying that overshooting and

undershooting are not the same thing as overdrive.
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A No. Let me say it again, please.
Overdriving or underdriving is a process.

Overshooting and undershooting is a result of that

process.
Q Okay.
A I can't tell you anything more about it
than that.
Q Let's take a look near the top of page 25,

paragraph 64.

A Okay.

Q If you go down about a 5 lines there is a
beginning of a sentence "thus."

A Yes.

Q You say, "thus the overshoot and rollback
occurring respectively in the first and second

subframes constitute a plurality of overdriven

impulses within a single frame." Is that right?
A Yes, I do.
Q Is it your testimony that rolling back

means overdriven or not?
A No. I think I have said several times now

that rollback and undershooting or underdriving go
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together, depending on what you take —-- if you take
the definition of overdriving as both the plus and
the minus function, then you know if you say
overshoot, then it follows that you've got both the
increase and decrease values. But in this context
we have two subframes. We do overshooting which in
this case means overdriving. We get the wrong value
so we got to do something about that, and the

inventor, Lee, chose to use the term rollback.

Q He chose rollback and not underdrive,
right?
A Yes, I guess you could say that. But

regardless of the words, his figure speaks for
itself.
Q And you say that from the shape of the
curve in the second subframe?
A Absolutely. That's what guys like me are
trained to do.
MR. HELGE: Break?
MR. BARROW: Fine.
(Off the record 12:40-12:53 p.m.)

BY MR. HELGE:
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Q Let's go back on the record. Dr. Zech,
can you please turn to page 28 of the English

translation of Lee.

A You said 28, sir?

Q Yes, sir. There's a paragraph that begins
"moreover." Do you see that paragraph?

A Yes, I do.

Q Do you see that this paragraph is talking

about the separator 450. At the very end it says

"compensated gray level signal GN minus the second

subframe is output to the separator." Do you see
that?

A Yes.

Q At any point in this paragraph does it

describe the compensated gray level signal GN minus

of the second subframe as either overdriven or

underdriven?
A It does not say either way.
Q Are you aware of whether Lee describes the

compensated gray level signal in the second subframe
as overdriven or underdriven anywhere in this

reference?
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A I don't immediately recall, but if you
don't mind, I'd like to just take a quick look at

the text of this.

Q Of course.
A On page 29 he talks about -- starting on
line 10 —- he talks about the second compensated

gray level and again he describes it in terms of
compensated gray level signal by making an overshot
value down to an originally desired value. Is that
the kind of thing you were looking for?

Q Is that your answer that that is
describing the compensated gray level signal as
either overdriven or underdriven?

A Oh, yes. What else are we doing,
counselor, if we don't do that? What is the whole
point of the exercise? I mean if he does not do
that, then he's doing nothing, as it would be true
of Shen. There has to be some kind of action.

Q Isn't Lee in this paragraph in the line
you Jjust mentioned, isn't Lee taking the overshot
value achieved at the end of the first subframe N

plus down to the originally desired target wvalue?
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A No question. We have been discussing that

for the last hour. Absolutely.

Q As shown in figure 12, correct?
A Absolutely.
Q Okay. And your testimony is that you know

in the second subframe that the voltage being
applied to the pixel must be underdriven based on
the shape of that curve; is that right?

A Basically, yes.

Q Is there any other reason that you know
that must be underdriven?

A Oh, I don't know, 50, 55 years of

technical work, half my Ph.D. studies were in

mathematics. I don't know, I like to think I know
something about the subject. But I'm not sure —- I
don't know why we need more. I mean we have an

absolute answer there in terms of that curve.
Q What is the absolute answer?
A The absolute answer is that the voltage is

being driven down.
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Q Of the pixel, correct?
A Yes. You see on the N negative or N plus,
PLANET DEPOS

888.433.3767 | WWW.PLANETDEPOS.COM

IPR2015-00885
Exhibit 2007
Page 131 of 374




10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Richard Zech, Ph.D.
Conducted on November 13, 2015

I forget, but that

a negative voltage.

positive voltage.
around, inversely,

frame and positive

Q And your testimony is

second subframe you are

The first subframe it
But you could do it the
negative voltage in the

in the second.

132
applying
was a

other way

first

you know that based

on the shape of that curve, your experience, and

that's it, right?

A No. I think that the

guite helpful.

Lee specification is

Q And is that page 29 from 10-157

A I'm sure I read that and took it into
account.

Q Is there anywhere else that you are

relying on Lee to guide your interpretation of

figure 127

A Counselor,

a matter like this,

if I needed more to guide me on

I shouldn't be in the business.

Q And you don't describe in your declaration

that the shape of that curve based on your

experience means underdriving, correct?

A I do not because as I explained before, I
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tried to focus only on what I thought were the
important things for the litigation. I wasn't
writing a tutorial on electrical engineering or
optics or mathematics or anything else. These are
well known and well understood curves, these are no
mysteries.

Q Is it accurate for me to say that based on
the shape of that curve on figure 12 of Lee in the
second subframe that your testimony is there must be
underdriving?

A Relative to that figure, yes. I mean I
don't know how you go from this voltage down to the
lower voltage (indicating) without this underdriving
concept. Remember what you have got there is a
negative voltage and in the first subframe you have
a positive one.

Q You are talking about polarity inversion?

A You could call it that, from positive to
negative, yes.

Q Sir, if you are going from positive to
negative, why must there be underdriving in that

second subframe?
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A Why must there be underdriving is your
question?
Q That's right.
A Let me think about that for a minute so I
can give you a coherent answer. Everything in the

context of the Shen and Lee documents indicate to me
very clearly that when you do what you do in figure
12 in subframe 2, you are underdriving and perhaps
undershooting as the case may be —— I mean I have
nothing else to go on, I have to go on what's on the
paper there.

Q And experience, right?

A Well, experience, like I say, I have been
—— I'd be an awful dumb electrical engineer if T
couldn't look at those curves and tell you what they
meant, and anybody with any skill in the art, I
think I have defined that person as an electrical
engineer and physicist preferably with master's
degrees at least. You know this is the simplest

solution to all differential equations of that class

and exponential. If you take a simple electrical
circuit —-- your expert can show you this —-- with a
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capacitor resistor in it and you try to determine
the constant —-- the current, you will come up with a
simple exponential solution with a time consonant of
1 over RC.

Q And that background is why there must be
underdriving in the second subframe; is that right?

A I believe so. That's my opinion.
Correction. The RC constant is not one over RC but
is RC. I think.

Q Doctor, based on your interpretation of
rollback, is there a reason why you did not include
it in your discussion in paragraph 52 in your table
that describes the patent terms and Lee's terms?

A No, no particular reason. I probably just
didn't get to it. If I had thought about it, if I
had more time to do my declaration, I'd probably
have gotten them in on the second time through.

Q Do you think your declaration is
incomplete because you didn't include that?

A No, not at all. It's not a fundamental
term unless I remember how many times Lee uses it,

and it's not many.
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Q So it's your testimony that rollback is a
result of underdriving; is that accurate?

A No, no. It's the other way around.
Rollback is a process, 1it's a process that's
accomplished in the case of figure 12 by
underdriving.

Q And that's the only way to achieve
rollback in figure 127

A Well, I don't know of any other method.
I'd gladly share it with you if I did, but I don't.
In the context of these patents, okay? There are
other people that do other things, would look up
tables and what have you, which are entirely
different and foreign to anything we are talking

about here.

Q Dr. Zech, also in paragraph 52 of your
declaration —-

A Yes, sir.

Q —-— you also do not provide any analysis of

what is meant by controlling the transmission rate
according to the '843 patent terms, correct?

A Yes, I didn't really think that was
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necessary. Well, that's just my opinion.

Q When you say it wasn't necessary despite
the fact that you felt that transmission rates was
not a term of art?

A Well, the thing was, at the time I
submitted this declaration, I didn't have the
epiphany I had a couple of months ago about it being
probably a typo or a mistranslation.

Q So you had that epiphany after you
submitted the declaration?

A Yes. That's why it's not in there. I was
troubled by the term, but I didn't have anything
intelligent to say about it.

Q Is it fair to say that you didn't
understand it when you submitted this declaration?

A No. I know what the inventor was trying
to tell me, I just didn't know why that term was
used.

0 You didn't come to that realization of
what you think it means now until after you had
submitted your declaration?

A That's correct. But we are not talking
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about concept, we are just talking about words.

Q Dr. Zech, can you skip ahead to paragraph
707

A Sure.

Q Specifically the last sentence of this
paragraph.

A Okay.

Q Why don't you read that to yourself a

moment and let me know when you have completed.

A Did you say last paragraph or last
sentence?

Q Last sentence of paragraph 70.

A Thank you. Okay.

Q At the time you submitted this

declaration, as I understand from your testimony a
moment ago, you did not have the epiphany of what
was meant in the '843 patent by transmission rate,
right?

A No, that's not right. It's easy enough to
figure out what both of the inventors were saying
even when they used terms that were not a part of

the industry. What I was telling you was that T
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couldn't for the life of me figure out why they
would use such a dumb term to explain what they were
trying to teach. Transmission rate is totally
unknown to me. I looked for it in dictionaries, on
the Internet, everything, and never found a single
example of it. But as I said, a couple of months
ago, oh, I've got it, it's a mistranslation. They
don't really mean transmission rates, they probably
mean transmission ratio or something else. But
anyhow, that has no impact on anything else. I just
took them at their word. If they want to call it
that, it's their right. I can work with it.

Q Dr. Zech, do you know that there is a
burden of proof in these cases before the Patent

Tral and Appeal Board?

A I have heard that.

Q Do you know what that burden of proof is?
A No. I'm not a lawyer.

Q Did you have to weigh any of this evidence

in reaching your conclusions?

A What do you mean weigh the evidence?
Q Did you have to evaluate whether any
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concepts were more likely than not disclosed?

MR. BARROW: Objection to form.

A I don't know what that gquestion means.

I'm sorry, counselor. 1It's too early in the day to
be getting brain fog, but I just am not following
that. I mean what use am I to the process if I
don't carefully study and analyze the documentation
I'm given? I don't do it from the perspective of a
lawyer. I'm an engineer and scientist and I spent
14 years in the university system and I use what
they taught me there to this day.

MR. HELGE: Well, with the right to
reserve recross, I1'll hand him over to you.

MR. BARROW: Can we take a short break?

MR. HELGE: We can, but I put out the
prohibition I have already stated.

(Off the record 1:13-1:21 p.m.)

EXAMINATION BY COUNSEL FOR PETITIONER
BY MR. BARROW:
Q Dr. Zech, I have just a few follow-up

questions regarding your testimony.

A Yes.
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Q You spoke quite a bit about this term
transmission rate. Do you recall that?
A Yes.
Q What is your present understanding of the

term transmission?

A Well, transmission refers to the ratio of
some input to some output. For example, your car
has a transmission and you know you get power from
the drive shaft and the various gears decide how
it's applied. But in this case it seems to me that
the term transmission rate is just a misnomer. It
means basically transmission, transmitter, whatever.

Q Just to clarify, so you said in your

opinion transmission rate essentially means

transmission?
A Basically. Just trying to build up the
concept in my opinion. You can't match transmission

and rate. I think I explained that the rate is
something going on per second like the frame rate
for example, and the frame rate may or may not have
something to do with the transmission, depends on

what the frame rate is, how much power.
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You know, for example, we look at all of
this stuff, Lee and whatever. In my opinion, I as
an engineer never implement this stuff because it's
too expensive. Frame memory cost a lot of money
back in 2003 and they are still expensive. I would
have -- the easier solution was to go to 120 hertz
technology which people did.

Q Okay. So forgetting transmission rate for

a second, but we are still in the context of the

'843 patent —-
A Okay.
Q —-— what 1s your present understanding of

the term transmission, just transmission?

A Well, that was something I knew a
definition of 45 and 50 years ago. It's simply the
ratio of the output and input. Now in the case of
an LCD. The input is either the life value of the
back light unit or it's that same light after it
passes through the first substrate and it will be
greatly diminished down to about 5 percent of the
original value. So either one can be the

denominator and the numerator, the top value, is the
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light output. Then, as I said, there were
instruments that can measure this.

Q Can you describe what transmission means
in the context of the pixel?

A Sure. Every pixel has to transmit light,
so therefore it has a transmission ratio.

Q Transmission ratio, okay.

A Simpler just to call it transmission, but
I use ratio because I have explained to you there is
a numerator and a denominator and by anybody's
logic —- you don't have to be a genius —-- that's a
ratio.

Q And your present understanding is
consistent with the term transmission at the time
you prepared your declaration?

A Oh, sure.

0 Is transmission the same as transmittance
in your opinion?

A Closely related concepts.

Q Sir, earlier you testified regarding your
alleged confusion about the term transmission rate.

Would it be accurate to say that this alleged
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confusion pertains to the word rate rather than the
word transmission?

MR. HELGE: Objection to leading.

A Let me first of all say I didn't have any
confusion. I was just more than anything annoyed by
the study of the term and I just you know -- I'm

that kind of person, I'm driven, I have to know
everything, and you know it was no clear way to find
out other than calling Mr. Shen and saying what the
hell did you mean by this. But I didn't do that.

Q But did you understand what transmission
meant when you read the patent?

A Oh, sure, it's pretty obvious from the
context of the spec what the inventor was getting
at.

Q In your opinion what does it mean to
control the transmission rate?

MR. HELGE: Objection to form.

A To control it means to somehow modulate it
so that the output value for a given pixel -- and
this applies to all pixels —- achieves the value

that you are looking for. So again, to expand that,
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a pixel has three subpixels, red, green, blue. All
of this has to be driven in a way that the

brightness and the appropriate color is achieved.

Q Okay. Let's go to figure 12 of the Lee
translation.

A Yes, I have it memorized by now.

Q Just give me a moment to find it.

A Sure.

Q If you could put it in front of you.

A Okay, will do. What page is that?

0 I think it's 600.

A Okay, pops right out.

Q FEarlier —-- correct me if I am wrong —-- you

testified that this figure does not show specific or

say anything about specific voltage values; is that

accurate?
MR. HELGE: Object to form.
A Best as I can tell, yes. It's there for
illustrative purposes. Forgive me for using this

term but quite frequently in a situation like this I
refer to these things as cartoons. No scientist or

engineer worth his salt would tell you that this is
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anything but illustrating a concept, an important

concept —-- don't misunderstand me -- but it's an
illustration.
Q So looking at the various subframes here

that you spoke about, I would like to refer your
attention to the dotted line in between subframe
plus, N plus, and N minus?

A Yes.

Q This appears to intersect the peak here of
the signal?

A Yes.

Q What does this peak tell you, if anything,
about the applied voltage?

MR. HELGE: Objection.

A Well, in absolute terms, nothing. It
tells you about the transmission being intelligent,
knowledgeable people. We know that that didn't get
there except that there was some voltage applied to
the pixel, loss, gain. I don't think that's very
meaningful. So in a lot of these figures and a lot
of the statements, you have to be able to work back

from what you are presented with, you know, the
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people who are supposed to be able to deal with are
of ordinary skill in the art. This is a tough art
so the skill levels have to be pretty high. Does
that answer your question, counselor?

Q Yes. Does this figure tell you anything
about relative voltage values?

MR. HELGE: Object to form.

A No, you can't take this too literally.
You know one could make a case I suppose that you in
conjunction with the specification and maybe you
could infer something from it. Now speaking as an
engineering manager, if you came to me and told me
you could do that from this curve, I would throw you
out of my office.

By the way, let me add that in the
circuitry that's driving all this stuff that comes
before we get to this point, there's not an
unlimited rate of voltages, there's some narrow
range of positive to negative voltages. But again
this is quite specific to the design of a given
product and there's hundreds and hundreds of

products.
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Q Sorry, I didn't want to interrupt -—-
A I'm done.
Q Okay. So you said here at this line in

the 29 plus and the minus 2 subframes you overshot
the target wvalue.

A Yes, getting too much transition.

Q And then in the subframe N minus, you said

this is where we do this rollback, right?

A Correct, we make an adjustment to get us
to the transmission level which we call T2 -- or I
call T2 in any event. You know that's the whole

purpose of the patent, it's to gain some control
over what's going on there. Believe me, it's far
more complicated than these patents reveal, the
overall process. You could go nuts trying to figure
out everything.

Q I believe before you stated that at this
point, this intersection, at this peak —-

A Yes.

Q —— you mentioned you are driving the
voltage down. Is that what you said?

MR. HELGE: Object to form.
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A Yes, you have to —— at the peak, if you
want to get down to T2, you have to apply a negative
voltage.

Q So just if you could clarify this for me.
So this plots transmission against the frame, right?

A Yes.

Q Now you talked a little bit before about
voltage and now you are talking about voltage in the
context of this figure. Can you explain to me how
you are getting to voltage?

A Well, the transmission is determined by
the voltage applied to the pixel. I may not know
exactly what that voltage is, but I know it's
positive and the duration of the given voltage pulse
has already been determined by the network design.

I don't know what else to tell you. I mean there's
a direct correlation, one-to-one relationship
between transmission and voltage.

Q So you said there was a positive voltage.

Are you referring to the P —-

A The upward curve, it looks like an
exponential, upward curve is positive. You know it
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doesn't really matter. This could be negative and
this could be positive.
Q So you are saying this curve reflects

application of a voltage?

A Of a voltage, sure.
0 What's going on on the down, on the
rollback?

MR. HELGE: Object to form.

A Application of the negative voltage.

Q So a positive voltage on the ramp up?

A Yes, that's a good way to put it.

0 And a negative voltage on the rollback?

A Rollback, sure. That's as good a term as
any. See, as I have tried to make clear, because of

the RC nature of the circuitry involved, the pixels
in particular, you can't just arbitrarily say stop
here because a pixel will laugh at you, yeah, I'm
going to do what I want to do, well, within limits,
so you do tend to get this overshooting. But that
overshooting came from overdriving and the other way
around you, want to do some —-- you get -- well, you

don't get any undershooting really. That's bringing
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it right in on target, but it's in the context of
these patents it could be called underdriving.

Q Sir, I believe the term that you used
earlier today, you said cartoon, you said these are
illustrations, these are attempts to illustrate
what's going on.

A Yes.

Q The context of overshooting is we are
trying to get the target value, but these things
don't behave like we would like them to so sometimes
we overshoot --

A Yes, we don't have precision of control
over where the voltages end up in value.

0 Would this also occur on the rollback?

A Sure. You can see you have an exponential
here. Now you have to make some better decisions
than you made in N plus, in N minus. Fortunately
the value that you need to change is relatively
small. So you know what, doesn't show it here, but
I bet this tail runs a little bit further than is
shown here. But again, it's an illustration, it's

trying to make a point, trying to teach us
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something, and this is Lee's perception of how
things would go on in two subframes of a particular
pixel.

Q One of ordinary skill in the art looking
at this figure and perhaps the disclosure would
understand that it might end up undershooting its
target value a little bit?

MR. HELGE: Object to form.

A You might. You know that's hard to go
back to 2003 and figure out whether or not, but a
good engineer or physicist knows his math, he knows

what goes on with this stuff.

Q Let's go back to your declaration.

A Okay.

Q Let's go to paragraph 64, please.

A I'm there.

Q I direct your attention to the middle of
that paragraph. "Thus the overshoot and rollback

occurring respectively in the first and second
subframes constitute a plurality of overdriven
impulses within a single frame." Do you see that?

A Yes, I do.
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Q This paragraph, is it addressing the
rollback scenario that Mr. Helge discussed with you
earlier?

A In the main it does.

Q And is this still your opinion that the
overshoot and rollback constitutes a plurality of
overdriven impulses within a single frame; is that

still your opinion?

A Yes.

Q Can we go back to the '843 patent, please?

A Sure.

Q I direct your attention to column 2, line
2. I'll read this to into the record as well. "In

order to improve that, some conventional LCD are
overdriven, which means applying a higher or a lower
data impulse to the pixel electrode to accelerate
the reaction speed of the liquid crystal molecules

so that the pixel can reach the predetermined gray

level in a predetermined frame period." Do you see
that?
A Yes.
Q Do you consider this description, the term
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overdriven, in your analysis of the Lee patent?

A I'm not sure I know what that gquestion
means. Did I consider it? I read it, I analyzed
it, I think I understood it. When I looked at Lee,
there were some differences in terminology, but
basically the novel concepts in both were clear to
me. Have I answered your question? I'm not sure
what point you are trying to make and what question
you are trying to ask.

Q Is Shen providing sort of a description or

definition of overdriven in this sentence that I

read?
MR. HELGE: Object to the form.
A More or less.
Q So what I was asking is did you consider

that in your analysis of overdrive.
A Absolutely.
MR. BARROW: ©No further questions.
FURTHER EXAMINATION BY COUNSEL FOR PATENT OWNER
BY MR. HELGE:
Q Dr. Zech, do you agree that in figure 12

of the Lee reference, the second subframe N minus,
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there was no undershoot occurring?

A No undershoot occurring. Well, the
illustration in fact shows another idealization
showing that the N -—- in fact in frame N minus 1,
that that negative descending exponential curve just
perfectly matches up to T2, probably not in this
universe but close enough, close approximation.

Q And Lee describes that as the original
target value, correct?

A Yes.

MR. HELGE: No further questions.

MR. BARROW: I have no further questions.

MR. HELGE: Let's get this on the record.
Will Dr. Zech review and sign the transcript?

MR. BARROW: Yes.

THE WITNESS: I hope so. I would be very
disappointed. I have done a lot of depositions. I
have always gotten the transcript to review and to
make corrections. I'm not allowed to make
additions, though many times I wish I could have.

MR. HELGE: I know that Planet Depos also

wants the order on the record. So we'd like
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delivery on Monday.

MR. BARROW: And you will provide a copy
to me.

MR. HELGE: I would like to have these
three exhibits attached too because Dr. Zech has
marked T2 on a couple of those and we need that to
be a part of this record.

THE WITNESS: Here you are, all three of
them.

(The deposition concluded at 1:46 p.m.)
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CERTIFICATE OF SHORTHAND REPORTER - NOTARY PUBLIC

I, Marilyn J. Feldman, Certified Reporter and
Notary Public within and for the District of
Columbia do hereby certify that RICHARD ZECH, PH.D.,
the witness whose deposition is hereinbefore set
forth, was duly sworn by me before the commencement
of such deposition and that such deposition was
taken before me and is a true record of the
testimony given by such witness.

I further certify that the adverse party was
was represented by counsel at the deposition.

I further certify that the deposition of RICHARD
ZECH, PH.D. occurred at the offices of Mayer Brown
LLP on Friday, November 13, 2015, commencing at 9:30
a.m. to 1:46 p.m.

I further certify that I am not related to any
of the parties to this action by blood or marriage,
I am not employed by or an attorney to any of the
parties to this action, and that I am in no way
interested, financially or otherwise, in the outcome

of this matter.
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IN WITNESS WHEREOF, I have hereunto set my hand
this 16th day of November 2015.
My commission expires:

December 14, 2016

i e

NOTARY PUBLIC IN AND FOR

THE DISTRICT OF COLUMBIA
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US 7,202,843 B2

1
DRIVING CIRCUIT OF A LIQUID CRYSTAL
DISPLAY PANEL AND RELATED DRIVING
METHOD

BACKGROUND OF INVENTION

1. Field of the Invention

The invention relates to a driving circuit of a liquid crystal
display (L.CD) panel and its related driving method, and
more particularly, to a driving circuit for applying over two
data impulses to a pixel electrode within one frame period,
and its related driving method.

2. Description of the Prior Art

A liquid crystal display (LCD) has advantages of light-
weight, low power consumption, and low divergence and is
applied to various portable equipment such as notebook
computers and personal digital assistants (PDAs). In addi-
tion, LCD monitors and LCD televisions are gaining in
popularity as a substitute for traditional cathode ray tube
(CRT) monitors and televisions. However, an LCD does
have some disadvantages. Because of the limitations of
physical characteristics, the liquid crystal molecules need to
be twisted and rearranged when changing input data, which
can cause the images to be delayed. For satisfying the rapid
switching requirements of multimedia equipment, improv-
ing the response speed of liquid crystal is desired.

Generally when driving an LCD, a driving circuit receives
a plurality of frame data and then generates corresponding
data impulses, scan voltages, and timing signals, according
to the frame data, in order to control pixel operation of the
LCD. Each of the frame data includes data for refreshing all
of the pixels within a frame period; thus each of the frame
data can be regarded as including a plurality of pixel data,
and each of the pixel data is for defining the gray level that
a pixel is required to reach within a frame period. In the
general standard, each pixel can switch among 256 (2%) gray
levels, thus each of the pixel data is 8 bits in length.

Please refer to FIG. 1 showing a timing diagram of pixel
data values varying in accordance with the frames. When
driving a pixel, the driving circuit receives a plurality of
pixel data used for driving the pixel in sequence. As shown
in FIG. 1, GN, GN+1, GN+2 are the pixel data received in
frame periods N, N+1, N+2, and the driving circuit deter-
mines the gray level of the pixel in the frame periods N,
N+1, N+2 according to the values of the pixel data GN,
GN+1, GN+2. In general, the larger the value of the pixel
data is, the larger the gray level is. The driving circuit
generates a data impulse corresponding to a frame period
according to the pixel data GN, GN+1, GN+2, and applies
the pulse to a pixel electrode of the corresponding pixel to
have the pixel be in the appropriate gray level as required
within each frame period.

Please refer to FIG. 2 showing a timing diagram of
different transmission rates of a pixel, varying in accordance
with the frames. Two curves C1, C2 are measured when the
driving circuit changes the transmission rate from T1 to T2
beginning at frame period N. The curve C1 shows the
transmission rate of a pixel not overdriven corresponding to
the frames, and the curve C2 shows the transmission rate of
the pixel overdriven corresponding to the frames. The U.S.
published application No. 2002/0050965 is one of the ref-
erences of the conventional overdriving method. There is a
time delay when charging liquid crystal molecules, so that
they cannot twist at a predetermined angle at a predeter-
mined transmission rate. As shown by the curve C1, in the
case of not being overdriven, the transmission rate cannot
reach a predetermined level in the frame period N but has to
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wait until the frame period N+2. Such a delay causes
blurring. In order to improve that, some conventional LCD
are overdriven, which means applying a higher or a lower
data impulse to the pixel electrode to accelerate the reaction
speed of the liquid crystal molecules, so that the pixel can
reach the predetermined gray level in a predetermined frame
period. As shown by the curve C2, in the case of being
overdriven, although the reaction speed of the liquid crystal
molecules is faster than in case of not being overdriven, the
transmission rate has to wait until frame period N+1 to reach
T2. Thus, the requirement of reaching T2 in the frame period
N still remains unsatisfied.

SUMMARY OF INVENTION

It is therefore a primary objective of the claimed invention
to provide a driving circuit of an LCD panel and its relating
driving method to solve the problem mentioned above.

Briefly, the present invention provides a method for
driving an LCD panel. The LCD panel includes a plurality
of scan lines, a plurality of data lines, and a plurality of
pixels. Each pixel is connected to a corresponding scan line
and a corresponding data line, and each pixel includes a
liquid crystal device and a switching device connected to the
corresponding scan line, the corresponding data line, and the
liquid crystal device. The method includes receiving con-
tinuously a plurality of frame data, generating a plurality of
data impulses for each pixel in every frame period according
to the frame data and applying the data impulses to the liquid
crystal device of one of the pixels within one frame pericd
via the data line connected to the pixel in order to control the
transmission rate of the liquid crystal device of the pixel.

The present invention further provides a driving circuit
for driving an LCD panel including a blur clear converter for
receiving frame data every frame period, each frame data
comprising a plurality of pixel data and each pixel data
corresponding to a pixel, the blur clear converter delaying
current frame data to generate delayed frame data and
generating a plurality of overdriven pixel data in every
frame period for each pixel; a source driver for generating a
plurality of data impulses to each pixel according to the
plurality of overdriven pixel data generated by the blur clear
converter and applying the data impulses to the liquid crystal
device of the pixel via the scan line connected to the pixel
in order to control the transmission rate of the liquid crystal
device; and a gate driver for applying a scan line voltage to
the switch device of the pixel so that the data impulses can
be applied to the liquid crystal device of the pixel.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a timing diagram of the pixel data values varying
in accordance with the frames according to the prior art.

FIG. 2 is a timing diagram of different transmission rates
of the pixel varying in accordance with the frames.

FIG. 3 is a block diagram of a driving circuit and an LCD
panel according to the present invention.

FIG. 4 is a circuit diagram of the LCD panel.

FIG. 5 is a timing diagram of pixel data values varying in
accordance with frames.

FIG. 6 is a timing diagram of the transmission rate of the
pixel varying in accordance with the frames.
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FIG. 7 is a block diagram of the blur clear converter
according to the first embodiment of the present invention.

FIG. 8 is a block diagram of the blur clear converter
according to the second embodiment of the present inven-
tion.

FIG. 9 is a timing diagram of original pixel data received
by the blur clear converter varying in accordance with the
frames.

FIG. 10 is a timing diagram of overdriven pixel data

4
data used for driving the pixel in sequence. As shown in FIG.
5, GN, GN(2), GN+1, GN+1(2), GN+2, GN+2(2), GN+3,
GN+3(2) are the pixel data generated in frame periods N,
N+1, N+2, N+3. The driving circuit 10 generates two pieces
of pixel data for each pixel 36 in every frame period. The
driving circuit 10 drives the pixel to reach gray levels in the
frame periods N, N+1, N+2, N+3 according to the values of
the pixel data GN-GN+2(2). For instance, when the pixel
data GN, GN(2) are generated, the source driver of the

generated by the blur clear converter varying in accordance 10 driving circuit 10 converts the pixel data GN, GN(2) into
with the frames. two corresponding data impulses and then applies them to
the liquid crystal device 39 via the data line 32 in the frame
DETAILED DESCRIPTION period N in order to control the transmission rate of the
liquid crystal device 39. Similarly, data impulses corre-
Please refer to FIG. 3 showing a block diagram of a 15 sponding to the pixel data GN+1-GN+3(2) are applied
driving circuit 10 and an LCD panel 30 according to the respectively to corresponding pixel electrodes 39 every half
present invention. The driving circuit 10 is for driving the a frame period. Same as the prior art, the larger the value of
LCD panel 30, which includes a signal controller 12, a blur the pixel data is, the higher the voltage of the corresponding
clear converter 14, a timing controller 16, a source driver 18, data impulse is, and the larger the gray level value is.
and a gate driver 20. The signal controller 12 is for receiving 20  Please refer to FIG. 6 showing a timing diagram of the
composite video signals Sc, which includes frame data and transmission rate of the pixel 36 varying in accordance with
timing data for driving the LCD papel 30, and processing the the frames. As described above, the driving circuit 10
composite video signals Sc to separate them into frame generates two pieces of pixel data in each frame period, and
signals G and control signals C. Subsequently, the blur clear then the source driver 18 generates two corresponding data
converter 14 continuously receives the control signals C and 25 impulses according to the two pieces of pixel data and
the frame data included in the frame signals G and generates applies them to the pixel electrode 39 of the corresponding
processed frame signals G “including a plurality of over- pixel 36 in order to control the transmission rate and gray
driven data according to the frame data. The timing con-  level of the pixel electrode 39. As shown in FIG. 6, the
troller 16 controls the source driver 18 and the gate driver 20 driving circuit 10 changes the transmission rate of the pixel
according to the frame signals G and the control signals C 30 electrode 39 of a pixel 36 from T1 to T2 in the frame period
so that the source driver 18 and the gate driver 20 generate N+1. The pixel electrode 39 is applied with two data
corresponding data line voltages and scan line voltages impulses corresponding to the pixel data GN+1, GN+1(2) in
according to the plurality of overdriven data included in the the frame period N+1 at a time interval of half a frame
frame signals G in order to drive the LCD panel 30 to period. As shown in FIG. 6, although the transmission rate
generate images corresponding to the composite video sig- 35 of the pixel electrode 39 cannot reach T2 in the first half
nals Sc. period n+2 of the frame period N+1, in the later half period
Please refer to FIG. 4 showing a circuit diagram of the n+3 of the frame period N+1, the pixel electrode 39 is
LCD panel 30. The LCD panel 30 includes a plurality of  applied with another data impulse, so that the transmission
scan lines 32, a plurality of data lines 34, and a plurality of rate can reach T2 in the frame period N+l as required.
pixels 36. Bach pixel 36 is connected to a corresponding 40 Therefore, blurring will not occur.
scan line 32 and a corresponding data line 34, and each pixel In the present embodiment, the two pieces of pixel data of
36 has a switching device 38 and a liquid crystal device 39 each pixel in every frame period are generated by the blur
ak.a. a pixel electrode. The switching device 38 is con- clear converter 14. Please refer to FIG. 7 showing a block
nected to the corresponding scan line 32 and the correspond- diagram of the blur clear converter 14. The blur clear
ing data line 34, and the source driver 18 and the gate driver 45 converter 14 includes a multiplier 40, a processing circuit
20 control the operation of each pixel 36 via the scan line 32 42, a first image memory 44, a second image memory 46, a
and the data line 34. To drive the LCD 30, scan voltages are first memory controller 48, and a second memory controller
applied to the scan lines 32 to turn on the switching devices 50. The multiplier 40 is for doubling the frequency of the
38, and data voltages are applied to the data lines 34 and control signal C to generate a multiplied signal C2. The first
transmitted to the pixel electrodes 30 through the switching so image memory 44 is controlled by the first memory con-
devices 38. Therefore, when the scan voltages are applied to troller 48 to delay current pixel data Gm for a frame period
the scan lines 32 to turn on the switching devices 38, the data to generate delayed pixel data Gm-1 according to the
voltages on the data lines 34 will charge the pixel electrodes control signal C. The processing circuit 42 generates a
39 through the switch devices 38, thereby twisting the liquid plurality of overdriven pixel data GN according to the
crystal molecules. When the scan voltages on the scan lines ss current pixel data Gm and the delayed pixel data Gm~1. The
32 are removed to turn off the switching devices 38, the data second image memory 46 stores the overdriven pixel data
lines 34 and the pixels 36 will disconnect, and the pixel GN, and the second memory controller 50 controls the
electrodes 39 will remain charged. The scan lines 32 turn the second image memory 46 to output two overdriven pixel
switching devices 38 on and off repeatedly so that the pixel data GN, GN(2) to each pixel 36 within a frame period
electrodes 39 can be repeatedly charged. Different data ¢o according to the multiplied signal C2 in order to have the
voltages cause different twisting angles and show dillerent source driver 18 apply two data impulses to a specific pixel
transmission rates. Hence, the L.CD 30 displays various 36 within a frame period according to the two overdriven
images. pixel data GN, GN(2).
Please refer to FIG. 5 showing a timing diagram of pixel Please refer to FIG. 8 showing a block diagram of the blur
data values varying in accordance with frames. According to 65 clear converter 60 according to the second embodiment of

the present invention, when driving any pixel 36 of the LCD
panel 30, the driving circuit 10 generates a plurality of pixel

LGD_000013

the present invention. The blur clear converter 60 functions
the same as the blur clear converter 14, which includes a

IPR2015-00885
Exhibit 2007
Page 202 of 374



US 7,202,843 B2

5

multiplier 62, a first image memory 66, a second image
memory 68, a third image memory 70, a memory controller
64, a processing circuit 74, and a comparing circuit 72. The
multiplier 62 is for doubling the frequency of the control
signal C to generate a multiplied signal C2. The first image
memory 66 is for receiving and temporarily storing a
plurality of pixel data G. The second image memory 68
delays the plurality of pixel data G for a frame period to
generate delayed pixel data Gm-1. The third image memory

6

a plurality of pixels, each pixel being connected to a
corresponding scan line and a corresponding data line,
and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan
line, the corresponding data line, and the liquid crystal
device,

the driving circuit comprising:

a blur clear converter for receiving frame data every frame
period, each frame data comprising a plurality of pixel

70 delays.the pixel data Gm-~1 for a ﬁme period to generate 10 data and each pixel data corresponding to a pixel, the
@e]ayed pixel data Gm~2. Thus th? pixel data Gm~2 lags.the blur clear converter delaying current frame data to
pixel data Gﬂ}-l for a frame pepod, and so does the pixel generate delayed frame data and generating a plurality
data Gm-1 with respect to the pixel data Gm. The memory of overdriven pixel data within every frame period for
controller 64 controls the second image memory 68 and the each pixel;
third image memory 70 to output two overdriven pixel data 15 5 gource driver for generating a plurality of data impulses
in each frame period according to the multiplied signal C2. to each pixel according to the plurality of overdriven
The processing circuit 74 generates two pieces of overdriven pixel data generated by the blur clear converter and
pixel data GN1, GN-1(2) for each pixel 36 in every frame applying the data impulses to the liquid crystal device
period according to the pixel data Gm-1, Gm-2. The of the pixel via the scan line connected to the pixel
comparing circuit 72 compares the pixel data Gm-1 with the 20 within one frame period in order to control transmis-
pixel data Gm-2 to determine the values of the overdriven sion rate of the liquid crystal device; and
pixel daia GN-1, GN-1(2). . . . a gate driver for applying a scan line voltage to the switch
sk el = o) BIG, B Showying o wiming digsmam off device of the pixel so that the data impulses can be
original pixel data received by the blur clear converter 60 applied to the liquid crystal device of the pixel.
varying in accordance with the frames, and FIG. 10 showing 25

a timing diagram of overdriven pixel data generated by the
blur clear converter 60 varying in accordance with the
frames. As shown in FIG. 9, the original pixel data received
by the blur clear converter 60 in the frame periods N and

2. The driving circuit of claim 1 wherein the blur clear
converter further comprises:
a multiplier for multiplying a frequency of a control signal
to generate a multiplied signal;
a first image memory for delaying the pixel data for a

N+1 are respectively Gm and Gm+1, with a difference Diff 30 )

between each other. The blur clear converter 60 generates frame Peﬂoﬁi; ) ] )

the two overdriven pixel data GN+1, GN+1(2) with a a processing circuit for generating the Plurahty of over-
difference AG between each other according to the original driven pixel data according to the pixel data and the
pixel data Gm, Gm+1. The difference AG is determined by pixel data delayed by the first image memory;

the comparing circuit 72 in FIG. 8 for driving the pixels 36 35  a second image memory for storing the overdriven pixel
according to difference conditions. The difference AG is data;

determined according to the difference Diff between the a memory controller for controlling the second image
original pixel data Gm and Gm+1. For instance, when the memory according to the multiplied signal to output the
difference Diff is less than a specific value, the comparing plurality of overdriven pixel data to any pixel so that
circuit 72 determines the difference AG as 0, that is equating 40 the source driver generates the data impulses to each

the overdriven pixel data GN+1 to the overdriven pixel data
GN+1(2). Or when the difference Diff is larger than a
specific value, the comparing circuit 72 modulates the
difference AG to drive the LCD panel 30 properly.

In contrast to the prior art, the present invention discloses
a driving circuit and relating driving method to generate two
pieces of pixel data in each frame period for every pixel on
an LCD panel and then to generate two data impulses
according to the two pieces of pixel data and to apply them

45

pixel within one frame period according to the over-
driven pixel data output by the second image memory.

3. The driving circuit of claim 1 wherein the blur clear

converter further comprises:

a multiplier for multiplying a frequency of a control signal
to generate a multiplied signal;

a first image memory for receiving and temporarily stor-
ing the pixel data;

a second image memory for delaying the pixel data stored

10 eacb p?xel within a frgme period in order to change the 50 and output by the first image memory for a frame
transmission rate of a pixel electrode. Thus, each of the period;
pixels o th.e .LCD pancl 5 .applied 3 ap I}Jrality iste T a third image memory for delaying the pixel data stored
impulses within a frame period, so that liquid crystal mol- and output by the second image memory for a frame
ecules of the pixels can twist to reach a predetermined gray iod: :
level within a frame period, and blurring will not occur. 55 period; ) .
Those skilled in the art will readily observe that numerous a memory controller. for‘ controlling the secox}d 1mage
modifications and alterations of the device and method may e .thlrd imagesmemory, aceording io the
be made while retaining the teachings of the invention. multlpl.led SJ.gnavl, . .
Accordingly, the above disclosure should be construed as a processing circuit for generating the plurality of over-
limited only by the metes and bounds of the appended 60 driven pixel data accordlr'lg to the pixel data delay.ed
claims. and output by the second image memory and the third
image memory; and
The invention claimed is: a comparing circuit for comparing the pixel data delayed
1. A driving circuit for driving an LCD panel, the LCD by the second image memory with the pixel data
panel comprising: 65 delayed by the third image memory in order to deter-

a plurality of scan lines;
a plurality of data lines; and
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4. A method for driving a liquid crystal display (LCD) comparing current frame data and corresponding delayed
panel, the LCD panel comprising: data to determine voltage values of the data impulses
a plurality of scan lines; when generating the data impulses.
a plurality of data lines; and 6. The method of claim 5 wherein the data impulses are
a plurality of pixels, each pixel being connected to a 5 a first data impulse and a second data impulse applied to the
corresponding scan line and a corresponding data line, liquid crystal device of the pixel in sequence within the
and each pixel comprising a liquid crystal device and a frame period.

switching device connected to the corresponding scan
line, the corresponding data line, and the liquid crystal
device, and 10

the method comprising:

receiving continuously a plurality of frame data;

generating a plurality of data impulses for each pixel

7. The method of claim 6 further comprising:

determining a difference between the first data impulse
and the second data impulse according to the current
frame data and the corresponding delayed frame data.

8. The method of claim 4 further comprising:

within every frame period according to the frame data; applying a scan line voltage to the switch device of the
and 15 pixel via the scan line connected to the pixel in order to
applying the data impulses to the liquid crystal device of hav<_3 the data 1g1pulses be applied to the liquid crystal
one of the pixels within one frame period via the data device of the pixel.
line connected to the pixel in order to conirol a trans- 9. The method of claim 4 wherein each frame data
mission rate of the liquid crystal device of the pixel. comprises a plurality of pixel data, and each pixel data
5. The method of claim 4 further comprising: 20 corresponds to a pixel.
delaying the frame data to generate a plurality of corre-
sponding delayed frame data; and I T

LGD_000015

IPR2015-00885
Exhibit 2007
Page 204 of 374



SEE4d 10-0783697

(11) =¥sE  10-0783697

Q (19) T AZE3 A (KR) (45) Fx2Az 20073129079

(12) SE2EFZ XL (24) 52U 20079129032
(73) &39F
(51)509(;1;3;1 e A AAFA S A}
(21) 2495 10-2000-0073673 171+ FUA JET dlEs 416
(22) 29127 2000412069 (72) O‘T;‘? d
AN TLA 20059119119 £ . B
(65) EAAZ 10-2002-0044673 27‘ S e eSO
(43) BFAAA 2002306919Y (74) el

(56) AY7|ER2AMEE
JP04204593 A
JP06189232 A
JP07056532 A
JP10039837 A

A42, W EHPY

AR AT ¢ F 21 F Arbg 0 o
(54) B34 B4 7)15L ZE 943 A FAS o) FFZA & WY

57) A o

Bogve B34 BA )5S ZE 44 B4 AAY ol T AA R W] ANEH.

2 o] mad, dolg Ax Jx BARE doly AZ As 222RH ATHE HY A5 AX HoH

THds AR F A oA Au zZydoz Bastm, ofd ZHYY Ax At A Y 711-71‘- )di
sbo] Hjmo| Wt QHFE EE dUFE TFE 59 _“%Jéﬂ Az dHolHE F3sla, vlole =eluF= d
olf Az A% MARZEEH QHFE EE AUFE TFL 5 BAH Az doHE AlTwet 47 BAd
Az dolgd] thests wHolg Agtez WAt AR HA Hd wolE 2td 3} AEE F

=
2 s, 94 EA A9 B4 B el Tede NPT 24 AR Zadg olgstel od Zay
o Az Asuc 2 @A Tadel Az A5k JAHE AFAE A WA A8 T FENE 2HFE
FEL 2% T 5 oA AR xAe PEACE BEA $F02 0 TEHRLA, A4 BN FAY 5
9 7EA W BY AL AA T F Ao

EE - 212
£
g
- 1 -
LGD_000514 LG Display Ex, 1910, ...
Exhibit 2007

Page 205 of 374



SE59] 10-0783697

3 7o g

A7 1

dolg Az Az 22228 AFHe 34 159 AR dold Zde 4oz F 7
2 2asta, ojd Zege] Az Aot AA T Az Azt une w2
52 53 2AY Az dolHE st Hold Az AF BN

o=
fm
i
rir
2 |z
n)
3
im
1 o

7] OHIFE EE AUFE TEES 53 nHH AT dolEH2 A3l A7) BHEY A delgl Beshe
dolg) Askes WA 4 AEE FUsE vy MR

G5tn] A7) AlelE gl ddso] i
of os) EeiMd Fgo] FRHA 2zt F

R4 ASE AUHE o A= A, ) s 2
= A, 47

7] AolE 2ela} A7) die]E el @ﬁﬂﬂ Ae 2¢ %iz}% e MEdx e dd o sia
2 Ziate 44 ®4 Ad

& xgate FE4 23 V)5S e 94 #®A A3

A3 2

Arge] gleix, A7) deoly Az Az BAFE,
A zZygde Az AzRT 2 A A Az A5t d¥HE Ade Al HE ZddedM s W

ol

£ 754 B3 AL BAY Az dolHE FHsR, A AL A8 Zade] FPHE A2 A8 TaQelAE
47) oMFEY e BEFoRS The FFL 5 A2 598 Az dolHE 2HNE AL 5= &
S5 24 75 2T 4 B B,

At glold, 47 dlelE Az 4F BARE,

o meldel Az AERY A& WA TaAde Az A5 GAHE A9eE AL Au T delNE A
#E 752 B9 A3 2R8 Az dHE 2981, 47 AL A T L] FASHE A2 AR TadelA
=) dwEY RS BEEO2Y g FES B AL mAE A2 AT 2 AL AR A
S 274 715 e 49 BA A

7% 4

A1kl lejAl, 7] diojy Ax A& B
L=}

43t 37 RAE Az delHE 47
dlo]g =eto]uRel AFst= AE 54 2

N5e e 94 BEA A,
A5 5
Aagel] lolA, A7 Helg AR Az BRARE,

Al ME ZHY FEANE AR dolge 715 2 &

= Aol AZE FEsta, A2 B ZH
FEA = A% dHolEe 718 2 #5S $T A2 A

1
st AES

A7 A1 AR Zdd FEA, A7) BESHZTE AL Al &_iﬂ ‘QQQE Aol deld Az A22%H
AZHe A Zdo Az delvg ARsn, 47] A2 H= , A7l A Zege AE o
gE 233te Al Hzal;

A7) Al 2 A2 ME ZHY FEA, A AESHEZRY A2 Ao A5t dEEE A ofd Zeldy A
z tlolHE 293 A2 vz &

A7 AL AE 2y FEANE, A7) HolH Az AZ 4axzRE @A g Az velHE AT,
A7) A2 R ZEE oA =Y Az HolHE AFeer AL AF dHolHE Y5t 47V A2 B
Zygd FEAE, A7) Al dzzRE @4 Zdde Az velHE AL, 37 Az Ar=Rg o

— 2 e

LGD_000515 IPR2015-00885
Exhibit 2007
Page 206 of 374



S==3l 10-0783697

A ZLe] Az dolE|2 Aol YW Az dolHE Hate Ay dolH =etojHRed EHae =l

2 EFhe AL BH0R st B BA V5L 2 A 84 BA,
A7 6
Aol e, A7l dHels Az s B
dolg =atolm o AFste AE 5AL
A7 7
Aol lojx, A7 dleolE Az Az HARE,

oA =P FEA AAFE -2)Hsd T de Az dHolgE 2sn, (DA Zeld FEA (tD¥
A ZEdel Az dHolEE AR, (WA Zdd 7FA JAAE ()WA ZE g Az velHE &
sl Al e,

ol Zed FEA AR delHE AFHa, (DA Zald TEA A)ARE ndA ZaAYe A= deld
5 2E90, dA Zad 54 AR ol 209 Az HolHE 2k A2 Hzal;
oAl Zald) TEA J1AFE DR ZAQ9 Az dolHE 2R, (r)wA Zed FEA A3
DA Zas) Az dolHE FAsE, YA ZAY PEA ()dA Zdde Az dolHE Azt
<= A3 sz

A7) AL WA A3 MEele) AZ dol 7% % BEE Aojse AEEH; 2

Al ZAlQ FEA A7) AL R A3 dlRel2 e AFEE Az delHE AFeel 249 AZ deld
Hakn, DEA Zald TEA 27 A2 2 A AR RE ABHE Az doHE AFW} 24W A
doleig e, (muA Zad EA 47 AL 2 A2 2R ABHE A2 dolHE ATl
BHE Az doleE st dold Az Uz W)

2 e AL 5402 St FHY 2 75E e 44 24 B4,

A7 QolA, 27 AL WA A3 sz AFde Az deold A% Foes Al FAFLR AFHD,

A7) Al WA A3 R zRE 2955 Az dolge £8 Fast Ay Al Fa59 2wl A2 Fag
A AL Ao e T £ V5L Ze 943 EA AA.

A7% 9

A58 w2 A7ake] QojA], A7) HEE Yy sl AL SAE s T3 BF 715 e e 944
A FA .

A% 10

Hole Az A& AxzHE 34 259 Az wlolgg AFel 4 BA RE 4t 4 TA FA

o F% A YolA,

Holg Az AE 4222538 AFHE 3 A5 Ax HolH ZUdE Holm F A o] HE Zde
2 Basn, old Lol AR Ase @A Tede AF ABoke) v ohe} eMFE Ex AUFE P
5% 28 24" Ax dolHE 47 4 A EEo FHstd 4Ao I £E2E n&Eete HolH AZ
Al l?_

T34 24 Jls

o

e A4 B4 FAY FF PA.

A7 1

AL0Fel slofA, A7) dolel Az AF BARE,

oA maldel Az AsHoh 2 @ Tadel Az As7) s Ao AL M2 ZePolHE oM

= 3 -
LGD_000516

IPR2015-00885
Exhibit 2007

Page 207 of 374



E553 10-0783637

E 752 53 Al 2P AR dolHE 2stm, 47 Al AE Zaddel FHstE A2 Au ZHgAME
A7) oWFEY e BEEFOR g TS B8 A2 2y Az dHoHE Yste A& FFOR e
T BA e Ze 94 24 AAY TF FA.

7% 12

A0l JAAM, A7) wele Az Az RAFZ,

old Zalge Az AzdTt Ze A ZaQ Az AE7 dFHE Avde Al AR Z A Add
#E T5¢ 23 A3 24" A= dolHE £9stn, A7 Al MB Zd gl FAsh= A2 HH = | ol A
= A7) duiER #e BERoRY ¢ T5E 5l A4 R Az HoHE 88 AL FAOR e
34 B 7158 2E AF EA AAY TF AA.

AT% 13

A103ke] QoIA, A7) dolE Az Az BARE 5 FA A4S ol &3t 47] nAH Az HeolHE 47
dx EA B AFde AL EAHo 3= TN BA VT Fe d4F BN A 75 BA

ATE 14

A133el QoA , A7) dole A= Az BAFE,

A1 HE ZHA FFAE AR delHy 715 4 &

= Ao Ass Ed3ta, A2 ME ZHd
FEANE Az dHolee 715 R #5< A% A2 Ao ;

Helg Az axzRe

A7) AL HNE ZEQ FEA, A7) BEZLUZRH AL A ABT} °“?‘|EJE a5l
B A7 A e o] AR el

AFHEe A ZaAd Az delHe AFan, 471 A2 A
HE &33te Al f=2;

A7) AL R A2 AR ZAd PEA, A7) AEEHZRE Az Ao} AEF QA== A9 oA = A A
z do]HE £33 A2 vlre; %

A7) AL AE Zee FEAE, A7 HolH A% A& Ax2RE dA] Y Az dHoHE AL,
A7) A2 2 2ZEEH o]d =g Az HoHE AT Lot HAE Az HoHE 2stn, A7) A2 ME
Ty FEA e, 47 Al AEA=5E @A Zdge Az dHoHE AFwn, A7) A2 fEIREH o
Az Az dolHE AFLor AR Az dolHE £Fste 7] voldH =ctolw e EHs= Hol
g Az Az 87

2 TS Ae SHOE st B A V%S Fe A BA AN FF AA.

73 15

A0kl ol A, 7] dlofE 74] A5 HARE £3 FAL A ol gte Y] BAE Az HolHE A7
A FA EE 21]%8}% ERoR st ¥ 2% 7S #E 4F FEA AR 7TF A
AT% 16

Atsatol QlojAl, 47 Hels Az AE BARE,

A ZEd TEA 1AFLE (WA ZHgde Az dHolHE A, (ntWA Zad 7FA ()
A ZHA Az dolEE AR, )WA T FFA ZAZE (ntD)HA 2P Ax HolHE F
gt Al ml=2e;

Ba T THA AZ delES AFeta, (WA ZH Y FEA Z|AGE oA Zajd Az HolH
2 2939, (n2)dA ZdY FEA AGE oA ZHL Az dolHE E¥ste A2 e

A el FEA JAZE (rDEA ZAL Az dHolE g Fstn, (mt)dA T TEA 7IAER
(-1EA = Az volE 2 a0, (m2)HA Zdd T5A (i2)AA T Az dojHE A4
= A3 #lxe;

=3

A7) A1 A A3 Mzl Az dolH 715 2 B5E Aojdhs BEEFD;

= 4 -
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A T FEA A AL D AR R RE AFHE Az woHE ATwel nAd AR HlHE
g3tn, (ntDAA Zd g TEA A7 A2 2 A3 AR 2PH AFHE Az dolHE ALt B A
dolel g 2850, (ni2)dAA Zald FEA A7) Al B A2 dEHREH AgHE Az HolHE e
239 Az dolHE F¥Hsle vloly Az A3 W7

2 x3ss AL ERoz 3= TN HA V)5S e A4 BN FH FE FA.
37% 17

A6l olA, A7 Al WA A3 WMz ARHE Az HolHY AY Fags Al FAFE A4HL,
A7) A1 WA A3 dEIAZHE e Az vojge &8 FufE A7) Al o 285l A2 Fa
ol AL ERoz 3tE F3A B IS e AR BA XY FF A

A7 18

A4z == Aol g, 47 dEge =y A A& SHo= e 53 1Y Vs 3
A EA AFxe TF AA.

373 19

th5o] AolE gz, 47 AClE gele] Aol mAsts v dolH lw, 4] ACE #d 2

olF eolol s Seiarel ddo] FAHA 22 A7) AOE el L HolH elo] AAs o] 29H 242
Ae dELe Beoz Wad e HAE EEHE 43 A FAe] 73 Bl oA,

(a) 471 AGIE 2elel Fa} 5B 2A4oR FIHE WA

[3

ol

ol
ol

(b) %ol olg Az As 222PE AFHE ke B4 TAYE HolE F A o4 Nu Zagom
B v

(¢) AA g Az Az7 dEdol whet FA ZaldY Az Azt ol =YY AR AILE W}
oA

(d) 27 BA()ANA oA XYY Az AzEt @A g AR Asst avtn J2He Ffole Al
Ar mZgde FEANE SHFE 5L FHsA Al dely TF dAgE s, A7 Al HE ZHd
of TPt A2 AE TP THANE A7 LHFEH @S FRHCE T FEL £} A2 Hol
B 7% e YHst= Al

(e) A7) FA)NA oA =g Ax Ax7t A Zady AZ AdsHo Fria qAHE Froll=

Al HE T TEAE AUFE FFEL Tt A3 doly F5 AgS AP, 47 A2 AME =
dde FTEAqE 4] AiHER FL ERFLEY § FEE FHsA A4 veolH FF AL AAHd=
oA

(f) 2271 @A} A7 @A) A48 AL WA A4 doly FF5 Ak 471 dofg #Helel FFste
o7

rr

I
i

=
_—

rlr

e

o
i
o

Egate, A4 $F o2 3te B3 1Y V%S #e 43 %A FAH
R
o

A19kell BAAM, A7 BA()AA o)A P Ax Az dA ZHdo Ax A5
Aage A9de vegdd Az AEZE vlolgastn, 47

ate- Ar7] dlolE gkele] FFete dAE 9 Zdsle
A2 9 T Uy,

A5% 21

A19Fel geld, A7) B3E ME Zedo] 2 BrAE,

A7 B4t
29 Az Az 3= dole 75 4
AL 5302 e F3 J 7)5e e A% B

hui
-
=3
4

A7) Ao fAste ME ZHde A WA A8 Zy ol

= 5 -
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A7) Furgo] fAse AN Sdge T oAl Au
3 E5A gAY TE P,

[H
=z
12
[0,
P
o
i
o,
o
fu
ok
ol
offt
o
oy
f
oAl
&
olr
filo
o
ol
12

==
e gl §F
g5 B

Yol £af sl ¥ 2 Fopd Falle
<15> Wowge oy {;A FR 9} oo & L L e B Ao, Bot FAsHAE Y 7IA s
F AL AAD] Y5 A FA FA o] FF AR L ARl #E Aeln
ubz] o 2 [DE F 71 Atoldll FYH de oA A&
tatm o] AAY H7IE z2dsld 71w FaHE Y9 F=
Holth, o3 LDe Fulrt HHE TR HEY t2Ed
AR 2~E] (Thin Film Transistor: TFT)E &4 A= o] &3}

i

O

<16> 7= @A B AA (electric field)E A

Aoy date FF AZE €= BN F

A EZ A Aoz, o] FANE Y E

TFT LCD7} 2 oj& 51

<17> # 2o TFT LOD7F AEE 9] t]2Zglo] AWt ofdat ddude tageo] AAR g ALgF m}a}
sa4e AT oyt ZrksA 4ok 2y, 249 TFT LODE £9 £57F =27] & s34E 7
7] oJH e gdo] U,

<18> o gd Sdar BAE Ay 9 ZddlE 0B(Optically Compensated Band) EEE AMESAV, 2%
A M (FLC; Ferro—electric Liquid Crystal) 22 & A&% TFT LODE AMS-3SATH

<19> I, o]gh e 0B E= U FLCE AME3hY) YalM e Fele) TFT LD T o] FHE uprojof st A3
=

N

[N

gyo] o] Fud s Zled FH

<20> olo] & &mlel y|&F FAL ol Fod BALL ALY A% Ao, ¥ IP FHL FH AL ¥
AL B8 94 FEA s TY F4L AAT 5N BA 76S e A4 BA AAE AFse Aol
E=p.

21> EE 2wy tte B2 AU B BA J15S e 94 BA FAY 75 AAE AFte Aeld.

<22> =P B ode g 54 47% Fa B4 V%e ZE 44 2A AAY 75 S AFshkes Aot

gige 74 " 4%

<23> A% B e BHe A9y 9@ st S40 ne $ad By Ve A A% BN AT,

24> dolg Az A% 2228H AFHE 34 Az AR dor ZAdE Hoin F A olg Ar Zede
2 2gstm, ofd Zde Az Ase @A T Ax Adsske) vime| wel CHFE Ex ATE T

£ 23 239 Az dojds 2Yste dolH Az A BAR;

25> A7) QHFE EE AUFE TFL Bd BAE AR dol€E ATt 4v] B AZ ol dgte
dole] Agow WAt A4 NEE 3 woE =eteH

= FALAEE £FYoR TFEE ACE =deluy; A

@7 A7) R ABE AGSHE o ANE s, A7) 4 AT
sk el dold salst, 47 Aol= sl 47 dele e
7] AClE ehelsh 7] Hold sl ddg) = 2AF2AE

et 47 EA AYE TP ook,

@ 718 2 el e BAL AWy A% e H4 we F34 5A vl e AY ®A B

o 75 A, AolH Az AL 2AVH Y A5 Az GO HE AB} A TN ol ¥

Ay EA A TE AA RoIA,

2 A2es 4] AelE ezt Adsol u
ol ola) LR Aol I 247 4
AR dEYs Yelz AR B g

i

<28>

rr 24 1A
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<29> dol8 Az AT A2ZRE ATHE I3 A5 Az dojH ZTHYL ok F A o) MB Zyo
2 2atan, old Zade Az Az dA =Y Ax Az ool vxe] wal QWFE £ AW FE T
22 23 AW AZ dolHE 47 44 BA mEel 2Ystel 439 $7 £EE n&Hste Holy Az
A% BARE L oot}

<30> wa Av)e B oo w ohE 2L AHE] g3 sy SA6d e B3t By 7)5e 2e 49 EA
A9 75 RS, oed AoE G, 4] AdE elel dase} mAsts bl Hold dd, 4
7 AClE el 2 dleld galel g3 TeA Fhol YHH) 27 A7) Aol el D dojg el o
Agol 299 2248 AAE WEYS Bgos Wdd G 3B TERE 93 BN A P P
31014

31> () 7] AelE 2ol F4L WEE &HHo2 FF3E A

<32> (b) 929 golg Az AE 2222 A2HE st st Taldg FHoE F A o] Mu Lo

Easle g

<33> (¢) BA ZHQe Az Azt AP wret A ALY Ax AE59 ojd YL AR ASE vaEe
@A
<34> () A7) dA)NA oA TE Y] Az ARG A =g Az Az Ay JAHe FedE A7)

2Y HE ad F AR g5k A2 zade FEANE LMFE TEL S AL Hely T
5 Age A4, A7) B AR Zdd 3 FuRe 9A%e A2 Tdqe) TEA6E 47 2HFE

Hge EXFoRo o FEL Fdste A2 dHojy TE Ads A 9As

<35> (&) A7) BA()NA oA Zelde Az As7 A LAY Ax AzEy Frin HAHE Z 4o 371
Hag Hr Iy 2 AR gate AE Zyde FEAdE AUFE FE5S FH5Y A3 deojy T
X Agde AT, A7) Bdg AR T F FEkR) e Hu Ty FEAAE 47 duRE
dge EEGozo o FEL FA5tY A4 Holy FE AL AP A

<36> (£) 7] @A) A7) gA@AA AEF AL WA A4 deo)s FF WS 7] delE @lel Fede
9AS Edsled, A £ £EE D&

37> olgla S BA 7|5 2= dA EA AR o9 7 AR & gl gstd, AR XA AR T3
FAA suel ZAe ABTE 209 ME T IS o] gald oA ZYY AR AzRTt 2 dA =
9 Az AE7 YEEE A= A WA AE ZHYY FEAdE LHFE 7S £UT F F HA MB
Z e TEANE BEX FF0Z e FEIEEN, A TA AAY FI4 FEA W FY A4S
AA & ¢ At

<38> wal, AEast oo M Zadg ojfate] old T Az ANIrv e A Zy g Az Alsvt
gladzEls Aoos 3 WA AR T Yo TEAE dUFE F5& FET F F HA AH ZHd FF
Ao Bxa Fo02 o Festnay A4 A #29 B4 FEA 9 FY d4L AAL + U

<39> a9, B4 AL A At B wge gojsiA AAE 7 AEE AAdo] B dEar|E do.

o> AwHoz LDE FA MBS AL threl A @Am of AolE gele] mAstel F4H0) HolE A
e A2se ol 2ele EPUTH TU LOE olE ACE @l HolE ehalol o3 Selstel el
BYH] 242 ACE ek L dolE Bln 294 224% B3 Adhs 98 Ju9 oo GaE TRY
o,

Als LOeIM 7 Sk ABL §UAZ ANE ASAE 3, 0 ANNED mIAY = 2, 0P LA

9 7t a9 FrrERE = 1% 2.

<42> = 1o TAE vkeh Zo], A FA A9 7 it dolH #A0n) 3 ACE HAGmA A s A0
AolE ATl FAEE TFT(10)s} TFTY =2l AF3 FFA¢(Veom) Atolol] AA=E A4 AHNAH(CL)S
TRTY e A2 dd8e 2E4A ANANE(Cst)E L3ttt

<43 T 194, AoIE el(Sn)el AolE & Asvt 917kE o) TFT(10)7F 8 25w, Holg e F5E oy
Aol RIS B3] 2+ 34 AZ(EAEA &L)dl Artdet, 28, 3t AT drtEe st JZE
) BE AG(Veom)e zhold] sl@te AAVE AR (% 1ME SHEo= 43 AWAEHZ GERRAS)

= 7 =
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Astse] of AA M7l gste FhgE Yol TRHES s} oW, Hx AGUPS 1 T B &
Asolof shd], RldlA AENA AMAE(CsOE S ATFo] bR Ha ARWpE KA A Bz
oz A9},

<44> FE, AHL o) FALEL 2V wEd, AR k] ulet gl G2 S40 . &, Aol AT}
o ulg} Aol wEkxvt HetE FASE weba] @sta ofo whel A AsAE e AHMAR 2 gh(e]st o
A AMANEA)E A Joh, 99 TRV &8 FEe 44 A E| A E FF F, 7 o2 4
2 sod, Q=CVol =2 ol AsjAe2r) vasbd dAd dale 34 AG(p)E B ¥t "€

<45> w32] 3lo]E Z=(Normally white mode) TN(twisted Nematics) LCDE d& 9, 3¢ FFHv= 34 AY

o] 0vel Agols AF BEATL 7lwel FAP gFo AH] JonR 9 AGAEAE COV= A/

rlr
ﬁ

"ok, o714, °F
goz ddd A+ A
EA(full black)E 783

A7k Flwel BAE e A A =, 4 EAT U HFH FAH 3
% Uehm, Ask = ZH7E LoD Jlwe] RAS J1% Alele] AE dEhdd, ¥
A Ato) svek A ARl 5V7} AkEE AS AA A AWl $HF

STl

fow wWjdgnz ad AYAEAE C(5N=""A/d7} BT}, TN ZE9 A}RHE AH o Ao -1y g

olmz AR ArtEE sha el wotdFF 4 AMAHELIL o AAA .

<46> n WA Zedels E BYL vbE7] A8 FI7E FAAIACK e AatFe C(BV)xsvelnt. 22, e d =
AP n-1 WA Zggel N F SolE(Vo-1= ONPAHI 7S TFTY e At Sdol= AAo] HA &
37] dolpz A4 AMNH2E (V)7 A wetA, E E24S BE7] A8 0 dA ZaAsdAM 5V tﬂl 1
g Agd)E et eE A4 shad) FAHE A5t C(OV)X5V7} a1, V) < ciavelez fge] A
A FFHE F34 AGUp)E Vel E VA HE sta AR(AE B9l 3.5V)0] A7kH F 2] FEHA
geth Ed, vE Zd 9 ofl WA Z el F %%‘—% TH37 %%ﬂ dol8 AH(Vd)& sVE I7ke 4

Soe Ao FAHE AL C(3.5V) X5V Hi, AF Ao FFHE A¢(Vp)L 3.5V 5V Atolst H
ot olet 22 AL HFolH AT E T Foll Fa AU Vp)°l %o}” Agrel =2aA €t

<47> Z o] 2 Az BFAA ABaA, doj strd AVt AL (F2HE7E RE AN 58 AZXR(EE
e Az B Az2) vide A9, dA Zdd Aze ofd Zdde Az dFE 27 il w
2 gote Azol =9ex Raps, 2 el Aad Folof vz dste Az mdsii A4, vhsbA
2, @4 TP stae FHEL ojd T o] FAE I wol H T Je] Fod Follof 9
e FAEe 4& 5 o

<48> ¥, p-1 Zee] T EFolm F, Fa AHUp)o] sVoln, n ZH YA F AL FAE] Y3 svel H
ol Aol A tE YT -, AA AFARAE C(5V)o]BZ o= C(5V) x5Vl AF3te dAske] T3
i ofel] whet HA 9 A HWF(Vp)E 5V B

<49> olg} Zol, AA AA FFHE 2 AG(p)L A ZH el FFHE vlolH AY®E olgt o] =
o] a4 AF(p)ol Yz AA ),

2o FEHAoF A7tHEE H$9 Yol Agh 2 Fa AGS vEE mHolt.

<S> T 20 EA3 ukel o], 2olE o)A T A AY(Vp)S THERA 21, BE A AGOwel HZ
s dolg At(vd)e w T dnict Qsletdct. wheba], AA AR ArtEHE stk A (Vp) A AT
g vhel o], o] ZH Y] 3tx Aol Hgste AA Ao g FH s dY By A EE =
A Fet, wepA, 2 g de] At Folof H|ZA EE gth Mo st En.

<50> = 2

rr

<2 E 3L olsh gAY TE gl W 9y mA AHe) £388 velis =l

s3> & 30 =A@ dhoh 2ol, Bl M AW wheh Po] UAl i Aol BE S WY BT WA 97
wo] AAe $EARe 12 o]l 73% dE B maQol Ad Folok M2k BE Frgd mUsh
A,

<54> 3 AE(SE oA Zeldel 3 A (-1 @] T 2L B
st 508 & Haol AETH 74, HF AE(Sn)E ofdRa

gelaht, HAE F5 uAe Aol HolE A AAHI] Aol

£ ool Axds @A T
A AEGnH)E AT F, B
__lL

ERl
5 A A s dolE Ay

= 8 AT
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<55>

<56>

<57>

<58>

<59>

<60>

<61>

<62>

<66>

<67>

<68>

<69>

<70>

SE5d 10-0783697
=3l

o] XgE Az AEE SRR AA) Fio AvtHE A BAL Az A3 BAS

A, dA oA A AZ (AR AE Fe dolHADI ol ZHde Y Az T

A ol Fol Tt
At B 9

O

L @A =z 34 As(Az s =E dolg )7L old ZH g Ax QI (FelH ARG ¥
Aoz AR AZ A (HolE M) Bt o] & HAH Az AE(dHolg AHE £¥stn, A =
e Az Az(doly A7 o)A =P Az AZ(dHeoly Ahrch F& Afddle dAY Ax A=
(dolg A At} of ¥ 2AWY Az As(dole AP)E FHod. o, H%O] o] Rz E AT EA
o Az AE(HH AghHet o] A LY Az ME(HoIE A)ete] Ao wl#gct.

A, dolH Az AE 2225E A7EE A2 NEF dF BERS RAstd B9 Az Ass 70
oln), HAHA o= R v EE woldlagt. &, HolH A AF AA2HH | EY Az As7b 4
g9, npHEY Az A5F A% HE@TS ojgdtd BARY Ax J5E FE}. oy, adEE nv]E9 A
2 A&ZA LSB(Least Significant Bit)lMFE i(i=1, 2, ..., o7 ¥E(Dits)E AL
UeiAelt}, &, maEE (i)W EeiH.

o]l i £ = Aol mE dHely A 2A FHE AFH oz AN,

% 4= 9% FA AAY ALG-FAETe BAS BIEA 2D (nodeling) 7 =T

T 4N, F2Ee sa Ao, AR & A a A% vl A Y FAE( SN} GFe) s FPF
wgoz WAd A Z, Ago] wel By wakw £ A4 FHALTHY HE Yehdr

= 40X, O /5L Hogt &, ©" /52 3002 AR T, Vtne} VmaxB 22 10, VR JEA s
A7)A, Vthe} Vmax= 217t & ol 2 ¥ B(EE 2 odtd)e] #@ste g A Yehih,

~E2R] AR EY AR FANE 0|2 '2E2A] ARAEXAE Toh st AA ANAE2 Ha @k
(Cst> o Zohm ska, LD 7|99 ol & 71w Alele) Aeg 77t Ask dg} atel, 2EA AHA - Cst
= ggel oty 12 Yekd § gl

T84 1

Cst = <CI>=1/3 (°" +2%%) a/d =5/3 “+A/d = 5/3 CO
o714, C0="LA/dolth.
% 422y, °O7/%h = tge $94 22 el F g

94 2
s /%L 2 17302V + 1)
LCDe & AFAEHA (V)= A AdrEze 2ER] ARz Folr R LY AAANE2E (V)T

434 1y 22y B £y 307 Uehd & Ao

g 3
COMy = Cl + Cst = 52 A/d + 5/3 €O = 1/3(2Y + 1)CO + 5/3 CO
= 2/3(V+3)C0

o] QbEE AskF o RENDE, B89 £84 o HYEG,

Y 4

LGD_000522

IPR2015-00885
Exhibit 2007
Page 213 of 374



<71>

<72>

<73>

<74>

<75>

<76>

<77>

<78>

<79>

<80>

<8 1>

<82>

<83>

<84>
<®5>

<86>

<87>

<88>

<89>

<90>

SEE9d 10-0783697

Q = C(Vm)Vn = CVE)VE

474, Vo dA Zalsdel AskR dolE AGHH TEHY APelE vlole] Aol AolghHE ehs,
= ARAE2E JEE, CvDE B4 =AY =

oy
kS
s
i
2
fon
B
B
o2
=
=
=
olo
o
rir
Al
=
>
o
[»
il
i
hul
=

FEHY S
C(Vn-1)Vn = C(VE)VE = 2/3(Vn-1 + 3)Vn = 2/3(VE+3)VE
webd, A4 Sa A Vi g #3622 vEhd ¢ gt

#2946
-3/ 0+ AV (¥, +3)
2

T—

9o) ara pomEE W& T 4 gFo], Al & A Ve B TaJol A7k Held BV ol
A =eel bR s A(n-1)o] G A,
@3, 0 Zeel A e Aol TE AL(n)o]l ELHEF a7] A A7ksE dole AL Va'etn 3,

n X
e F%4 52RY o FRA72 YEd £ Al

=

84 7
(Vn-1 + 3)Vn' = (Vnt3)Vn
b, Vn'E o9 82 82 vebd 5 3o

724 8
g +3 Vn'Vn-l
Tn'=—222 V-V +-_
7 F,i1+3 = & ¥,,+3 =

olg} o], A Tlde BE g2 AYn)F old T Fa HF(Vn-1)E st 7] $ 8
e FAAE dolE AL(n)E ArkEtE, TR st Fa A Vool HE =TF S ok

dof 204 88 mdo] EAG £ 2 B JE AHozne 458 Holn, duAA LA AgHE o
olF A V' L9 54 9=

#8549

127, 1= B | AU P = B a D

oA714, @5 f& LD EA & 2A | F (& Ve gy 4d& Ao

¥

z, 1Pnlg [F7-11g ge A9 =00 Huf, "7le) 1F#-11 w2 3¢ 1= 0 »d aa,
IPotio) 1772-01 not e 34 1= 0 0o} 20,

o
5

flo

2 9] Axdo] npe dog A ArPNe AR,
299 we dold A¢ Arbbde deE Edol

£ 5o] SA® wsh 2o], ¥ we] Al ANl NE dA Zaldo) TE sha A oW TP A
G(AolE A2 nesed BAW dolE A W' Arbsel, Ha ALl ME FF Aol mEHE
5 @,

, B g Al Axde e A Zade FE AgH ofd LY sA Adto] o B, A =

b1

i

Iy

. 10 -
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99 BE A¢ MO O 5o AY(EE o 2& A2 2AY vl Agto A AzE] 3 WAl e
A uhE BE A¢ ddel SRHES @ F olFe TNt BE A%L Helt Aoz Astdc. olst
2ol gomX ARe $UEES AN 4 ok

91> olwj, XA doly AY(H3F
Aok, &, 24 4L old =9
oA mpE ZE AY e =%

902> %62 2wl All AAdel Tt dold Ae ke A9 AF BA FAY £3EE ehis Bl
o= 6o EAG uheh o, B el Al AAlde wEw B4 dolg ddke Artet] WEel, Hal =

dgdolr vz 5% FI&d =9t

@ @E, @ YRS A2 AAAANE FE Agun ok 5 2Ad 4% W E B2 Ages Wien. o9
2ol FESHE Al E 70 BAE sk gol A g7 Azte] o 1/2 ol WANE FAE
A 9 2 o FANE FEART HE A Holovercompensate) BRA gl BE FAEF ok

9> mreelE ol Axde Be 9% A AT 4HI,

<955 = £ ‘ﬂa‘%‘ﬂ A A do) ‘I}E aAx FA AASE el 2RoR, E 1o AAdd] me Y EAFA

fr
o

<96> = g EA|G upel o], B o] Axjee wE A ®A A A A AR HE100), AJE =t
ol 2(200), HolE Zelo]lw ¥ (300) 2 delE Azx AE BAL(400)E EFITE

<97> aA BA FR A0 AGE & A5 2 Agsty] 93 ey A E (81, 52, S8, ..., Sm)o] B
AHe] glon, RAA dolE AgS ADsty] 913 wolg 24911, D2, ..., Dm)ol FAH Utk AE
Ziolat dlolgl #olo] s E2ixe 9L Zz A S o2, Zt St AE 24 vlolF el 74z
AolE A2 2 22 AFo] AdAHE dhet EAX2E(110)9 2 EWXN2E (11009 =4 Ao ddH+=
i AAAE (DY 287 AWM (Cst)E 2T
o] E =elo] BB (200)= AolE #le)] £aH ez AolE 2 ALE AVEd, A& & HAgte]l Ad Al
olE el Alo|E ATl dAs e TFTE "H2A 7t
<99 t ol € 741& ANE BARU00)E dolE Az A5 Ax(dE W, 288 A7DERTE nHlES HolH Az
3 5 A AEE upel o] maEQ @A TP dole AR Asg mHES ofH =Y
2] ‘31|°]E1 Az N5E mste 2AE mHlEY doly Az A3(6Gn)E e,

<98>

<100> o, AR ANF BHAXE
g F= At

<101> tlolg =alo] M 2(300)E tlolEl Az A% BAR(400)ZFE Fad RFE Ax A=6n’)
dH(dlolg Aoz wpFel 247 dojy ol AEH.

02> E 9e B Bwel wE dold A AE nARY AL AN 49y 948 et

9= o Z(stand-alone) +HO2 &A% % 2, 24 =4 LD B F

i

AF Az A

<103> T 90 =A% ulel o], B wgo] mE dolE RAANE HAN(400), F st Als B 3 Z(DCC; Dynamic
Capacitance Compensation)d] A1 A= =g w22](410), ﬂEﬁEﬂcontroller)(QO), 2 doly Ax
A5 W87 (430)8 TFa0], dolg AZ A5 222 2H R(red), Glgreen), B(blue) Zjztell tid nn]E2]
Az Nz (Gn)E ’L”o}"% BARY Az A5 (Gn)2 et wEby, FlolH AR A5 BAR(U30)E FAIH
Az AzE £ @xnHEoth. 74, FYAE dolg Az A5 £22FH BXnHES Ax A7t
EA0} dojg Az A5 BAR(430)] ANHES & £ dx;, niEQ R, G, B AlE AE Aol £AHLR
?l7]‘ﬂ.‘£i ’6]- /‘~ o]r,]_

<104> 9ol 4, = m=ED|(410)= BAE Ax 239 HEE AF3ed, doly Ax AT &
R(red), Glgreen), B(blue)d| ™a n¥]E] AR AF FolA m]ExE ¢H3L5, o[ R, G, B
24 ojzg o] A, 3 T NAF dolg Ax AE HIAVNE AT, F

410)E dA Zdde mE Az NEG)E FAsD, oA g miE Az AS(6n-DE FHR

fle e H
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<105> do)e Az As ¥ErU30)E oy Az AT 2225 Y FAHE pHE FoA, RS AXA @0 v
o AxE dA T YGn)Y (nm)BES E“é% A8 FARE HA T AGn) ) nHEL, T wxe
(410)9] 913 A" oA ZH A Gn-1)2 mBES FAF F, A L o]d ZLejle] n MEE 13 BAH

Az Az (n')E W4T,

<106> A7)5 BAF Al B F2E Este dAY Sk RS 1 ZeY YR EE 5 3, o2 3 LD ey
5 ZEgAE NgY A Ao} 2EZWATH FH(Stroboscopic motion) HAE 4 AAY
aATt.

<107> g}, LCD el X HT FA Aj7ro] groldel L dabol o3 wEEo] Y dA4oly A A
2213 (blurring) AL &3] gld £ i+

<108> ol2) 3 L5 Alzke] Wt FAAF Ak, B o] 40msETE AR oAz EY o] 9443 BFHE ol{E
a7 9F o] Mdrggict.

<109> LD 3R g 72RelA ol AHdd S dd= e s Fde A an.

<110> E 102 A<l LD FHe) E3 A& A9sy] AE =dold.

<111> T 100 =AIE ukel Zo], Aty 9 He s}t LCD A FHEoA $5o02 §4Y ¢ (o-DHA ZH Y
M= B g §A5Y, ndd T golA B Ay abdgel A d9-E W 22h8 = (background) el
Al Fo]lmiZ}2 = (foreground) A E At ]'JFM] i, 52 48 A4 B 992 XojawhsE agE
HAH, B& A ARy C 9L Tolo ‘:Oﬂ’ﬂ W ogglke=2 vl A Aot

<112> wibd pdA ZTH Y BB 9L A% 29E Yegm AAE A, B 9L so]Ee Bl TR Jlo
22 gAa4g YepfA g,

<113> 3 g8 ZEdd (nt)EA Ty de® A7 E i ZAYS $U5A AlLEY B 9L Aate] ®zEA
om adlE $Xsl, AlZE e A 9 B'e 3lo]Eg Bdo] EFtHe] glom@ IS Vel A Hct.

<114> vkl #aEkzirh LCD stH ) & —‘2—% Al Bopd ojz)d da Gga, O, CHE & FAMN HA @A
FE Ao SAol= BA7F oW BaEAY & Hol= BAE wet M A4 &, B, B', B", ... 49 ]
wrate] 3 nAH YA AL 1u1x17} =3, vpkA R A, A, A, L 99E @ H‘] of s e] ojujA] 7}
H9, ¢, ¢, C", ... 9% vAIFA o,

<115> LCD #Hjdo]l = 119 ()X F 1 ZY = wh3gvis & uf, Azae] 2z 285 A, B, C& AA st Al F
AlH = d4e (b)F &,

<116> #AAY L 16ns ALY £52 WHIsle AL AXEA Edln HAgS A |

<117> T 119) (b)ollA A REEo] AR ol =ARE SFolth. o] dHoR=A 492 & £330, C 49& 2
3o EZ} Q‘ﬂ"]:“} Aol Bl (blurring) 8= AWE ALzt o] Qo] H AR T &= 11014 =A§ wpe}
Zo], A ddofl = ol HE Wo] B m, ¢ Fo e HHA o =GEA EFch o] oakE FolY]
A A= "—‘1‘734 S =t U webAof ?{P‘:}.

<118> d2 5o, 5% AR o= seatim spd, AAY 7 A|E EF 1 =Y (frame)?] 1/100] FHojof
t}, 2, 60frame/seco]®, 1.67msWol|, 30frame/seco]™ 3.33ms Woll AA o] Sedlaiof A do A e ol
fle A sEg AT = Q.

<119> g, B2 AR =8 (gray level) Abolol A oja Al w2 A3k Ulol] $7EHE Vv (Nematics) 442 @A
ugE Aefolch

<120> adE olFeME A AEe BAL T To] glE LD dHS FEHEY AT dF APt o) A&
A = 126] ZAE wke} Zol, s A ZYde F oY MRIZHYLR byl FEETH

<121> T 125 B o] Axde] wat HH =L o] &F doly AgE A g Ao A ZA AR oL
< Uehlie =do o

<122> T 129 EAE upeb o], o] T Y Ax AzEg T AA T Ax AEt dEHE Ave 28

Zh ZF A AR ARZgA(m)elE LHFE FES $95n, T uA Bzl mdre 4

(2
I
0%

K
kY
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7l eWiFEY 3 Y dte BERLE Tojly FEe FYUA.
e

<> oE@ Al oMFER B ARl AL ANES wolHMY FFS vHtD, b AR $7 SE7}
s e A 2o ARE 22 F Ao eAole el AR mAS AN R, ol oHFENF
© e wAl madel Az Wus B zade Ax ddel JEse gaold

<124> A% = 120 E o]d ZTede Az AEe A Zade Az Aduehe vug i A Zade Az
Azt d Aga A3PE At A A AR THANAE HFE FES FY5T, F il A Ty

oo e BEZoeZ e (down) TFatE AL 2 dd 2 Aoy, 2 9= shEsit.

<125> Z old Ty Az Azrrt e FA ZAP AF AF7 JdEHE AT 3 WA AB =y g
= AYHFE FEL Fdsn, F WA HME ZdeNE BEGCRE Hlup) TEIEEN A FA AFAY
St TEA A8 sy Y A4 AAY ¢ A

<126> T 132 YA & 13k B wde] whe dHoly AR Als BEAFY A2 AAdE
13a= A WA ME e w2 gojy Az A& EAFE Agsty] 4 E™eln, & 13bs
T oe] wE woly Ax AF RANYES AH3r] H3 =dont.

<127> T 13a WX & 13bo] TAI vEe} o], B o] whE o8 BAAE BAHR(400), = i} AE BHA F
Z(DCC; Dynamic Capacitance Compensatlon)«] A2 AAdE A7 (410), =Y wEF(420), AEE2
(430), "ol AR AF HE7(442) & 27 (450)E E3tsie, A = 119 FEHE FES 2 A3 S
Ao},

<128> T WEEU0)E Al Ty wWxe422)9 A2 THY HE(424)F £33Y, AEEHU0)ENH

2= AoJA B (write/read)ol] Wt FA7(410)2H-H AFHE AZ A5 AF @ ofd T gy A=
£ Holg AR A& W3y (442)d] 2G5t B2 FHSAY, dA Zady Az Az o)n AAtd
zoo Az AEE dolg Az A% Wy (442)d s F3L =3P

A
NE
o] A
<129> Bl AAEE, Al AR U2)E A A AR Ty PEA AEEHU00)ERH olE AZ(write)7F ¢
o wa} FHNUIOERH ATHE dA Zd g9 Az AE(GIE AFER, F A AR T 75
AESH(430)2Z5H & A3 (read)7t L] wrel 71 A4E @4 = Az VS (G)E voly A
AlE W57 (442)0) S sitt
<130> A2 lral2d)E A HaA B =g TEA AESHUNREE 2= 2B (read)?t dHHA wet 7144
oA Zde AZ AF(G ) dold AR As W44 EH3tn, F WA A Ty 75 A
22 (430) 28 Z= AE(read)7t &R wet 7147 H o)A Za A A A5G HolE Az Al
W 3h7] (442)0) & 3T},
<131> golg Az AE HEir|(42)s AEZY U ERH ATHE Zay @RS 43 wet 3§49 7)(410) 25
H ATHs d4 ZdYd9 A= tfz Gost Tl 2R (420)2 R AT @4 Ze g Ax A5G

G ~
T oA ZH L Az AZ(G)E AFdo}l Al BAA AR ME( 7y e A2 HAY Az AF

)

>

P

{m

S n'yg mays0)e) 2@,

—

<132> B} AAE s, AEZHU02EE AFHE 2oy AAATMU3DF A HA AE Zedolet AlaHe
d = @Hﬂ(uo)i%ﬁ—ﬂ A= A4 T de Ax AZ(G)E Aedn, Ty AR (420)9 A2

J MRy @HERH ATHE ofd Zagdd Az AE(GOE Aol A A A ZHde RAd A

Uil oﬁ
2 Jo

Y

<133> T3 AEEZYUNERH AFHE ZHd ZANEUNE F WA A2 Lol AZH= FFole Al
=g W) 2RE AFHE A =z Ax ASGIE AL, A2 ZAHAY v d2)2TH

G _!
AzHE ofd ZAdY Az VEG-)E ATdel F WAl Hu =z Byd Az A5 ")E £
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<134> ol At ] AW e upel o], E Ao w2 dlojE Az A% BYFY A2 AdME dA ZHJY A=
ANz (G)S T AEIRE(U20)2FE 2AHE o] Y AR AI(G)7F ELH, A A AR =
+ = (G B <1 -
A (n)NAE X 13a0] ZAS vl o] Al RAD Az Az 7 HE 5, F oA ME Zdh
G _‘

Yl = = 13bo] EAIS Hpel o] A2 RAY Az AE( 7 )E FHIC o Al BAE Ax AEE
A =z Az A57} o)l Zde Az AzHT & A$ole SHGE BAE Ax Asolu, g4 =

dodo Az A5yt o)A Zade Az AsHT Fe FLot AdYFE BAR Ax Adzolnt
<135> w3 A2 BRE Az AFs @4 Za Qe Az A7t oA =g Az Asut F FoE LHFEH

Qoo 9t ZEGoR oAl BRR Az Azoln, AA) Zage] Ax Az} ofd ZAd A
ot Ze Agode 49 dste FEYOE FAT EAE Az AEelrt.

5
<136> B oabg o] A2 AAdoA e whel Zo], F Y D= Fok FY ahe] wES o] AT vY FA WY
AL o] gsts DDLU TV 2 J1E A4 AF e AS 1 PEFL 60field/sec oJAT 2 UL 30frame/secol T},

o]
oz Yo HA oRE

e

=
Al
p

<137> Bals N3, B Ao MEs =Y A& (frame signal)E AEE]7} tlofg
7] dolg Az A3 Wir= AEZAREH AFHE Zdd AZ| upe

EAE Az dolHE, B F A A Zyd 7 %2 2A Az

S
N
>
}Oll

T g
ries
N
2
B
oKl
o
Rl

o o

delHE 42 2339,

<138> #9, =g vz 7)EsE &L ATAAG) Zd Y,

JH,

= 3 WA ARz 2AET. &, S
o WHE eels malQ) slmelel ASHFL, dole Az s ABINE 3 WA A= ol g 29
S, 0o A TQAAE T dEee] A%e A on, dely Az Aw AglN T owa A
v mgle] Az dolHE SO, o] F3& Nyt

o

<139> olate] B wrmol A2 AAdoAE bl 4 YL F MY ME ZHPoR AEYsa, ARTdE A
WA A Zydst F oA AR Ty TEA oA Zalgdn AA e Az Azs Hustd w3y
BA 5248 Fists AL Agsioy, AlRdste AR Eﬂ%‘.% 37 ol Bl E L QX
= oA &2 Aotk «B Bo], 379 NE Th Yoz BIe Aol A WA AH Ty gL st
Ae Zodon, F HAYG A HA HE Zg gL o0& 6}491 Ap ZHdor o4 5 ¢

<140> T lda WA E ldce B 2Hd mZ deolH Az A% 2R A3 AAdE dHsty] dF =¥l

<l41> T l4a WA 5 1dco] EAE upe} o], E e wE dHoly BANE RAR(400), F 3 AEZ 2A F
Z(DCC; Dynamic Capacitance Compensatlon)-—] A3 AN E FA7(410), =Y =z E420), AEST
(430), dlo]E Az AFE Wy (444) 2 EYr1(450)E T, AV = 11F FEHE FEL O Hd¥9E
Ao,

<142> Tg9) WRE(420)0= Al T A= (A)426), A2 T w2 (B)(427), xﬂs =9 o2 (C)(428)F
Tatate, AE22430)2) Aojdl &l TR0 EFE FA TP AR NS AFder 47 ZdY

o 2] (426) (427) (428)F o= stfoll 7)1 Fstar, 47] @A Zeldel A= Jiﬂ 7158 w2t 715 F 3ol
zaEla) g oo Tl MR AZE Az AES vy AFx AE WY (444)o] FHT

<143> Bl A=, £ 1dad] EAE utel Zo], A2 Tl sl 4270 A4 Zade Az AEGI7H 715H
of wet Al T mEe(420)E 21 A4 22 A oA Ax AE(G)E FlolE Az AZ ME7(444)°0
zdstm, A3 T dEUR)E NAFE 1= old AR ANB(G-DE welE Ax AF W44
4ol @t

<l44> oln) z+ T MEale AAEF FaA] o]&H F YE Fuhgrt 30H¢! AFelE 2 2HFH FHA o %
H= 2o ofzolan, ZF o vree] A 53 Fagrh 60z Adle 2 25 ST 1200

o] tt.
<145> o] el 4] AmEh wrel o], 129 HE o TdY F7F A o FAF BAS ol §stE HEEH I A
=

z9 A%, 122 d=9 5
3L 1

E 2M=2 3z, 1ZHEdE E;q]o}oq 28=7 EHHEE . o E
60frame/secq] A%, ol Zd UL

BAste 129 1208922 A3 F 1202 LD HEE FEIT
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<146>

[e]

e =9 vrals & 342 FAE £ ded, Al AxdEes)ds d4 2o gEss s AT
60Hz = 7] 233, A2 W2 (427)0] = 1= 9l oMol 7|=2R A AFIF AFFHE I, A3 wE(428) =
g9 oldel 71=H s AEI A 9l

ll\tjl it

<147> E22430)= 4 T gl A2 wEE(427)9 A3 A2 (428) 2R H 120Hz(1Z | Yoll F ¥R s
04 Holg Az Az W@y (44d)e] ZFHan, & Zddes dHE"E ATE A3 o 428)7)
wolSolr | ZEZ#(430)= A1 2 A2 W22 (426) (427) 2 FH 3 4158 doEY veolH Ax Az WFE
7] (444)el] 3Tt o2 WA o ® A1, A2, A3 vlE](426)(427)(428)7F AR 02 7|5 2 29 FAS

s, |y, B2 free 24 fdes 229 fEIdY £E d3a, =34 NEez 234 W=
2d = 9l

<148> olafol A A d upe} o], shte] =YL G F A HE ZHUF A WA AEIZ A (M) ER, E

= = g ARy d(n)o] =g FostA tolE Ax A% WE7(44)d dFEE Az ANET @A =

q Az A5G oA ZH A AR A5 (G)E FE3tt.

lo

<149> mebd AEZHU0)EZSFEH 285 22X AZA3D @&t e F Az AEG, G) T A= 3
zedx AAsE AL doly AR A5 WY (444)9] 2 DAF o= Hely Eo1F 5 Uk

<150> dg 2o, HolH Az A& MBS FFHH) A8 T YE dolE Ax A5 HB7|G FIH() AE L
& dolg Az Az MAV|2 HE A e A& WSS WetEd o= 2R FHEAE AA S

<151> gk o

718 TAER L3, s ol Alx AZ
150 ot Hgﬁog WrWE 4ag o] &3

<152> A7 e B urd o) upgAs A e FREo AsigAT, A vle ok s¥d FHAT sl &
HAPTgel Z1AE B 2o Al 2 gdeany goluA] dE B WA & 2EE HdsA T4 %
HANZ F ded o3 F A& Reln.

wye £
<153> ol MH g wpe}t go], B winjo] wel A EA FX 9 T3 BHA o] LGS AREE 2718 ME
Ze g ofgsto] oA “Eﬂ 19] Az AzRc & @4 ZadY Az A7t 485E Feddes 3 1A A
B ozedo TEAE OHFE TEE FYL F T 0A AN ZAdY PENAE T FEO2 e
FEEEA, 94 BA FA 9 534 FEA 4 E

¢

:‘r_
da R e da Ze el Az Az7t
l:’__

<154> w3 A B o7 HE Zde o] &35ty o gy A= 4

Hels Agoe A A AE 2y FEANE AUFE FF5E PG F F A B LG FFA
e BEX $£F02 ¢ TEIEEN 44 A 9 594 7EA 3 29 4L AAE 7 U
E}Zgﬁi ’Z‘}'L_:. @?%7

<l> T 18 43 ZA ARAAM 2 Fa29 SRS UsiE Euejnh

<2> T2 2 7F We® AVtEE dod Ay 2 da dAgE vehiE =dolnt

<3> T 32 FE TE o] wE 9 FA FH o FaES veis =doint

<4> = 4E 44 EA AXe AY-FAE3te] BAE ZEYY =G

<5> =5 B iyl A AAde mE dolE Heh APEHE dYEhie =deln

<6> T 6 2 2o & AN we} dHoje ALGE AV Ao AA A FA S FHES VehiE =R
=

<7> T o7& B e o2 Ao we} Holg AGE AE A9 4F BA FAY FAEE Usle =H
of o},
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<B>

<9>

<10>

<11>

<12>

<13>

<14>

omn

ES=4dl 10-0783697

£ 8e B 9o galdel we 943 EA FXE dehhe =Wl

= 9= 2 dde] g bolE Az AE RARY Al AANdE duyssl 4% =delth.
T 102 odwrHe LD s Y dAL AWy 43 =Rt
T 112 o|E3te AtAE S T 3 £% d48 A9y g =dolnt.
T 125 2 45 Axdd ma A T Y-S o] &3 dolE Age ArE Ao A x| FA ] FiE
< yehlle THo|t.
T 132 YA = 13bE & @9 T2 doly Az AE BARY A2 NS HH37 4T =He|t.
T 142 R & ldcE E wnjo] o dojg Alx AF BARY A3 AxdE dHIr] 95 ZHoltt.
Ey
xul
Dm
10
_Jf
T Sn
| | Vp
Cl _l, Cst
Vcom
=2
Ivl
o7t cioly met 7t Ciolel Tet(vd) M 82 Ee(Vp)
- — SE g2
wek(vw)
“I—1 n n+1 n+2 n+3 n-li-2 =3y
. 16 .
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n—1 n n+1 n+2 n+3

Vih=1 Vmax=4 12

o17t ojlojef He(Vd)

/ AM st ’S?J(vp) 23 314 FMet

EE3
Eng
S ENg
n—2
=g P
E(V)EJ_
3 4
21
.I ]
Ews
A
n
LGD_000530

n+1 Zae

_17_
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5

ur
M
ulo

ol oM
o By
wF o w-

=97

n+1

zag

n.
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300
/400 {
ololgf , 7
Cn) Azus [CN Clolel =atolk
25
D1 p2 | e
2110 A10
=1l T
S1 'Ej_i T 'Hj_i T
A c\;l[ csl c:t Tcm ———————
0
EI ! ?EOV om 1;1 OVcom
= N o
- | s2| T FrT
_f o st ¢l Cst| —————— f_iOO
a
o] Veom Veam
B I I I
200 | | | N
| | I
I | I
Sn
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[y
[=Te N

| |
| i .
i 490 450 | 18bit
1 / a
I Cm | m=ag '|
| 36bit | olza] - |
| =
" 4 |
i write e req / | .
opnel__J — &
| |
} |
e oo ]
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iy
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EH13a

410 400 442 450

/ /
LI PV Gn J Gnt e | Gn_
420 GlojE}
Gn 422 AzpE
;'-/i——]"z ————— 1 Bt
== |
zZaly o=zl 1|
write ! !
: }Gn—l
1 T e
] ]
A 2y o=
1247 ] |
| | A
e " lread Frame signal
Syne A=g3 Syne
430
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EH13

410 400 'f,"‘z 450
Vi
Gn " Gn'
s e warl [
420 goret | G-
Gn FAl Azyz| |
okl 1 vigt|
1 i
i =ge o=z 1:
=1 |
I ]
iread E
1
! I —t=——=
| LA =3y ozel [ Gy
i424’T/ '
| | A
i — ;e';di Frame signal
Sync A=gay | Syne
430
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i
ulo

EH14a

410
//

Gn

42|

Gn

30(60)
Hz

400

444 450

/J

gh-cr
Oiefe}
AZAE

Gn

B

!
Frame signal

Syne

Syne
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40 400 ‘f,44 450
/ i /
Gn'
fel gag [ T
o TiolE}
Gn ;/20 426 ATAE
3ogso) - eE|
VA

A
Frame signal

A==g Syne

X H14b
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410 400 ;44 /4/50
= Gn'
B gagl [
»| CloiEl
Gn 7 azs AZNE
30(80) S S . Y— 1 8|
Hz !
S T v
| 80[120)
27— Hz
' G4t
(26 80(120)
-
| |
s a )
I Frame signal
H=gal Syne

Ewide
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CERTIFICATION OF TRANSLATION

This is to certify that I, Taec-Ho HA, a Patent Attorney of NEIT
INTERNATIONAL PATENT AND LAW FIRM, am well acquainted with
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[ABSTRACT]

The present invention discloses a liquid crystal display device having a moving
picture compensation function, and driving device and method thereof.

According to the present invention, a data grey level signal compensation
portion divides a grey level data frame of a picture signal supplied from a data grey
level signal source into at least two sub frames, and outputs a compensated grey level
data through an overshoot or undershoot driving according to comparing a grey level
signal of a previous frame and a grey level signal of a current frame, and a data driver
portion is supplied with the compensated grey level data through the overshoot or
undershoot driving, converts the compensated grey level data into a data voltage
corresponding to the compensated grey level data, and outputs a picture signal to a data
line of a liquid crystal panel.

As a result, using two sub frames which one frame is time-divided into in
displaying a moving picture, in case that a grey level signal of a current frame greater
than a grey level signal of a previous frame is input, an overshoot driving is conducted
in a first sub frame and then a down driving to a target value level is conducted in a
second sub frame, and thus a screen dragging phenomenon in realizing a moving picture
of a liquid crystal display can be removed.

[REPRESENTATIVE FIGURE]

FIG. 4

LGD_000545

IPR2015-00885
Exhibit 2007
Page 236 of 374



10

15

LGD_000546

[REPRESENTATIVE WORD(S)]

Liuiqid crystal, response speed, frame, sub frame, division, retina, grey, memory

[ SPECIFICATION ]

[ BRIEF EXPLANATION OF FIGURES ]

FIG. 1 is a view showing an equivalent circuit of each pixel of a liquid crystal

display device.

FIG. 2 is a view showing a data voltage and a pixel voltage applied in the prior

art driving method.

FIG. 3 is a viewing showing a transmittance of a liquid crystal display device

according to the prior art method.

FIG. 4 is a view modeling a relation of voltage to dielectric constant of a liquid

crystal display device.

FIG. 5 is a view showing a method of applying a data voltage according to an

embodiment of the present invention.

FIG. 6 is a view showing a transmittance of a liquid crystal display device in

case of applying a data voltage according to an embodiment of the present invention.
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FIG. 7 is a view showing a transmittance of a liquid crystal display device in

case of applying a data voltage according to another embodiment of the present

invention.

FIG. 8 is a view showing a liquid crystal display device according to an

embodiment of the present invention.

FIG. 9 is a view for explaining a first embodiment of a data grey level signal
compensation portion according to the present invention.

FIG. 10 is a view for explaining a general LCD screen dragging phenomenon.

FIG. 11 is a view for explaining a screen dragging phenomenon with a moving
quadrangle.

FIG. 12 is a view showing a transmittance of a liquid crystal display device in
case of applying a data voltage using a sub frame according to an embodiment of the
present invention.

FIGs. 13a and 13b are view for explaining a second embodiment of a data grey
level signal compensation portion according to the present invention.

FIGs. 13a to 14¢ are view for explaining a third embodiment of a data grey
level signal compensation portion according to the present invention.

[DETAILED DESCRIPTION OF THE INVENTION]
3
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[OBJECT OF THE INVENTION]}

[TECHNICAL FIELD OF THE INVENTION AND PRIOR ART OF THE FIELD]

The present invention relates to a liquid crystal display device, and driving

device and method thereof, and in more detailed, to a liquid crystal display device, and

driving device and method thereof to remove a dragging phenomenon of a screen in

realizing a moving picture.

Generally, an LCD are a display device obtaining a desired picture signal by

applying an electric field to a liquid crystal material, which is injected between two

substrates and has an anisotropic dielectric constant, adjusting intensity of the electric

field to adjust amount of light transmitting the substrates. The LCD is a representative

one among flat panel type displays that are easy to carry, and among the LCDs, a TFT

LCD that uses a thin film transistor (TFT) as a switching element is mostly used.

Recently, since the TFT LCD is used as not only a display device of a computer

but also a display device of a television widely, a demand for realizing moving pictures

increases. However, the prior TFT LCD had disadvantage of difficulty in realizing

moving pictures because the response speed of the LCD is slow.
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To improve the problem of the response speed, a TFT LCD using an OCB
(Optically Compensated Band) mode, or a ferro-electric liquid crystal (FLC) material
was used.

However, there was a problem of changing a structure of the prior TFT LCD
panel in order to use the OCB mode or FLC.

[ TECHNICAL SUBJECT TO BE ACHIEVED BY INVENTION ]

The technical subject of the present invention is to solve the above prior
problem, and an object of the present invention is to provide a liquid crystal display
device having a moving picture compensation function that removes a picture dragging
phenomenon in realizing moving picture through picture signal compensation.

Moreover, another object of the present invention is provide a driving device of
the liquid crystal display device having the moving picture compensation function.

Moreover, yet another object of the present invention is provide a driving
method of the liquid crystal display device having the moving picture compensation

function.

[ CONSTRUCTION AND OPERATION OF THE INVENTION ]

A liquid crystal display device having a moving picture compensation function
according to one characteristic to achieve the aforementioned object of the present

invention includes,
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a data grey level signal compensation portion that divides a grey level data
frame of a picture signal supplied from a data grey level signal source into at least two
sub frames, and outputs a compensated grey level data through an overshoot or
undershoot driving according to comparing a grey level signal of a previous frame and a
grey level signal of a current frame;

a data driver portion that is supplied with the compensated grey level data
through the overshoot or undershoot driving, converts the compensated grey level data
into a data voltage corresponding to the compensated grey level data, and outputs a
picture signal;

a gate driver portion that supplies scanning signals sequentially; and

a liquid crystal display panel that includes a plurality of gate lines transferring
the scanning signals, a plurality of data lines transferring the picture signals, and
isolated from and crossing the gate lines, and a plurality of pixels formed at regions
surrounded by the gate lines, the data lines and each having a switching element
connected to the gate line and the data line, and arranged in a matrix form.

A driving device of a liquid crystal display device having a moving picture
compensation function according to one characteristic to achieve the aforementioned
another object of the present invention, the driving device supplied from a data grey

level signal source with a grey level data of a picture signal and outputting the grey
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level data to a liquid crystal display module, wherein the driving device includes,

a data grey level signal compensation portion that divides a grey level data
frame of a picture signal supplied from a data grey level signal source into at least two
sub frames, and outputs to the liquid crystal display panel a compensated grey level data
through an overshoot or undershoot driving according to comparing a grey level signal
of a previous frame and a grey level signal of a current frame, thereby making a
response speed of liquid crystal high.

A method of driving a liquid crystal display device having a moving picture
compensation function according to one characteristic to achieve the aforementioned yet
another object of the present invention, the device including a plurality of gate lines, a
plurality of data lines insulated from and crossing the gate lines, and a plurality of pixels
formed at regions surrounded by the gate lines and the data lines, each having a
switching element connected to the gate line and the data line, and arranged in a matrix
form, the method includes,

(a) a step of supplying scanning signals to the gate lines sequentially;

(b) a step of dividing one picture frame supplied from an external data grey
level signal source into at least two sub frames;

(c) a step of comparing a grey level signal of a current frame and a grey level

signal of a previous frame according to a grey level signal of a current frame being
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input;

(d) a step of, in case that a grey level signal of a current frame is check greater
than a grey level of a previous frame in the step (c), conducting an overshoot driving
and generating a first data driving voltage when driving a sub frame located at a first
half portion out of the divided sub frames, and conducting a down driving to a target
value from the overshot value and generating a second driving voltage when driving a
sub frame located at a second half portion out of the divided sub frames;

(¢) a step of, in case that a grey level signal of a current frame is check less
than a grey level of a previous frame in the step (c), conducting an undershoot driving
and generating a third data driving voltage when driving a sub frame located at a first
half portion out of the divided sub frames, and conducting an up driving to a target
value from the undershot value and generating a fourth driving voltage when driving a
sub frame located at a second half portion out of the divided sub frames; and

() a step of supplying the first to fourth driving voltages generated in the steps
(c) and (d) to the data line, thereby making a respouse speed of liquid crystal high.

According to the liquid crystal display device, and the driving device and
method thereof, using two sub frames which one frame is time-divided into in
displaying a moving picture, in case that a grey level signal of a current frame greater

than a grey level signal of a previous frame is input, an overshoot driving is conducted
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in a first sub frame and then a down driving to a target value level is conducted in a
second sub frame, and thus a screen dragging phenomenon in realizing a moving picture
of a liquid crystal display can be removed.

Moreover, using the time-divided two sub frames, in case that a grey level
signal of a current frame less than a grey level signal of a previous frame is input, an
undershoot driving is conducted in a first sub frame and then an up driving to a target
value level is conducted in a second sub frame, and thus a screen dragging phenomenon
in realizing a moving picture of a liquid crystal display can be removed.

An embodiment is explained such that one of ordinary skill in the art can easily
embody the present invention.

Generally, an LCD includes a plurality of gate lines transferring scan signals
and data lines crossing the gate lines and transferring data voltages. Moreover, the LCD
includes a plurality of pixels in a matrix form that are each formed in a region
surroudned by the gate and data lines, and are each connected to the gate and data lines
through a switching element.

In the LCD, each pixel is modelled with a capacitor having a liquid crystal as a
dielectric i.e., a liquid crystal capacitor, and an equivalent circuit of each pixel in the
LCD is as shown in FIG 1.

As shown in FIG. 1, each pixel of the liquid crystal display device includes a
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TFT 10, a source electrode and a gate electrode of which are connected to a data line
Dm and a gate line Sn, respectively, a liquid crystal capacitor Cl connected between a
drain electrode of the TFT and a common voltage Vcom, and a storage capacitor Cst
connected to the drain electrode of the TFT.

In FIG. 1, when a gate on signal is applied to the gate line Sn and the TFT 10 is
turned on, a data voltage Vd supplied to the data line is applied to each pixel electrode
(not shown) through the TFT. Then, an electric field, which corresponds to a difference
between a pixel voltage Vp applied to the pixel electrode and the common voltage
Vcom, is applied to the liquid crystal (equivalently shown as the liquid crystal capacitor
in FIG. 1), and light transmits the liquid crystal with transmittance corresponding to
intensity of the electric field. In this regard, the pixel voltage Vp should be maintained
during one frame, and in FIG. 1, the storage capacitor Cst is auxiliarily used to maintain
the pixel voltage Vp applied to the pixel electrode.

Meanwhile, since the liquid crystal has an anisotropic dielectric constant, there
is property of different dielectric constants according to directions of the liquid crystal.
In other words, when a liquid crystal director changes according to application of
voltage, dielectric constant changes accordingly, and thus a capacitance value of the
liquid crystal capacitor (hereinafter, a liquid crystal capacitance) also changes. Charges

are supplied to the liquid crystal capacitance during a period the TFT is turned on and

10
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then the TFT is in off state, and because of Q = “CV”, when the liquid crystal
capacitance changes, the pixel voltage Vp also changes.

In a normally white mode TN (Twisted Nematics) LCD as an example, when a
pixel voltage applied to a pixel is 0V, since liquid crystal molecules are arranged along a
direction parallel with a substrate, a liquid crystal capacitance is C(0V) = ¢ L A/D. The
el indicates a dielectric constant when the liquid crystal molecules are arranged along
the direction parallel with the substrate i.e., when the liquid crystal molecules are
arranged along a direction perpendicular to direction of light, and the A and d indicate
an area of a substrate of the LCD, and a distance between substrates of the LCD,
respectively. Assuming that a voltage to realize a full black is 5V, when 5V is applied to
the liquid crystal, since the liquid crystal molecules are arranged along a direction
perpendicular to the substrate, a liquid crystal capacitance is C(5V) = ¢ Il A/D. Because
of eL-¢ll >0 in a liquid crystal used in a TN mode, the higher the pixel voltage
applied to the liquid crystal is, further the liquid crystal capacitance increases.

To make a full black in a n frame, a quantity of charge that the TFT should
charge is C(5V)*5V. However, assuming that a full white (Vn-1 = 0V) is in a (n—l)th
frame of the immediately previous frame, the liquid crystal capacitance becomes C(0V)
during a time the TFT is turned on because the liquid crystal does not make a response

until the time the TFT is turned on. Thus, even though the data voltage Vd of 5V is
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applied in the n®™ frame in order to make a full black, an actual quantity of charge
charged in the pixel becomes C(0V)*5V, and because of C(0V) < C(5V), the actual
pixel voltage Vp supplied to the liquid crystal becomes below 5V (e.g., 3.5V), and thus
a full black is not made. Moreover, in case that the data voltage Vd of 5V is applied in a
(n+1)™ frame of a next frame in order to make a full black, a quantity of charge charged
in the liquid crystal becomes C(3.5V)*5V, and the voltage Vp supplied to the liquid
crystal finally becomes between 3.5V and 5V. This process being repeated, the pixel
voltage Vp finally reaches a desired voltage after several frames.

In other words, this being explained in view of grey level, in case that a signal
(pixel voltage) applied to a certain pixel changes from a low grey level to a high grey
level (or from a high grey level to a low grey level), since a grey level of a current frame
is influenced by a grey level of a previous frame, a desired grey level is not reached
immediately, and the desired grey level is reached only after several frames. Likewise, a
transmittance of pixel of a current frame is influenced by a transmittance of pixel of a
previous frame, and thus a desired transmittance can be obtained after several frames.

Meanwhile, assuming that a full black is in a (n-l)th frame i.e., the pixel
voltage Vp is 5V, and the data voltage of 5V is applied in a n® frame in order to make a
full black, since the liquid crystal capacitance is C(5V), a quantity of charge of

C(5V)*5V is charged in the pixel, and accordingly, the pixel voltage Vp of the liquid
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crystal becomes 5V.

Like this, the pixel voltage Vp actually applied to the liquid crystal is
determined by not only the data voltage applied in the current frame but also the pixel
voltage Vp of the previous frame.

FIG. 2 is a view showing a data voltage and a pixel voltage applied according
to the prior art driving method.

As shown in FIG. 2, the prior art did not consider the pixel voltage Vp of the
previous frame and applied the data voltage Vd corresponding to a target pixel voltage
Vw every frame. Thus, as explained above, the pixel voltage Vp actually applied to the
liquid crystal becomes lower or higher than the target pixel voltage because of the liquid
crystal capacitance corresponding to the pixel voltage of the previous frame. Thus, the
target pixel voltage is reached only after several frames.

FIG. 3 is a view showing a transmittance of the liquid crystal display device
according to the prior art driving method.

As shown in FIG. 3, as explained above, in the prior art, since the actual pixel
voltage is lower than the target pixel voltage, even in case that a response time of liquid
crystal is within 1 frame, a target transmittance is reached only after several frames.

The embodiment of the present invention compares a picture signal Sn of a

current frame with a picture signal Sn-1 of a previous frame and generates a
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compensation signal Sn’ as follows, and then applies the compensated picture signal Sn’
to each pixel. The picture signal Sn means a data voltage in case of an analog driving
mode, and in case of a digital driving mode, since a binary-coded grey signal should be
used to control a data voltage, a compensation of a voltage applied to an actual pixel is
made through a compensation of a grey level signal.

First, when a picture signal (grey level signal or data voltage) of a current
frame is equal to a picture signal of a previous frame, a compensation is not made.

Second, when a picture signal (grey level signal or data voltage) of a current
frame is higher than a grey level signal (data voltage) of a previous frame, a
compensated grey level signal (data voltage) higher than the current grey level signal
(data voltage) is output, and when a grey level signal (data voltage) of a current frame is
lower than a grey level signal (data voltage) of a previous frame, a compensated grey
level signal (data voltage) lower than the current grey level signal (data voltage) is
output. In this regard, an extent of compensation is proportional to a difference between
the current grey level (data voltage) and the grey level (data voltage) of the previous
frame.

Third, a compensated grey level signal is obtained by compensating partial
bit(s) among a grey level signal applied from a data grey level signal source. In this

regard, other bits not compensated bypass. In other words, when a n-bit grey level
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signal is received from the data grey level signal source, the compensated grey level
signal is obtained using only partial bits (m bits) among the grey level of n bits. In this
regard, the m bits are the rest except i (i = “17, 2, ..., n-1) bits from LSB (Least
Significant Bit) among the grey level signal of the n bits. In other words, the m bits are
(n-1) bits.

Hereinafter, a compensation method of a data voltage according to the
embodiment of the present invention is schematically explained.

FIG. 4 is a view simply modeling a relation of voltage to dielectric constant of
a liquid crystal display.

In FIG. 4, a horizontal axis is a pixel voltage, and a vertical axis indicates a
ratio of a dielectric constant g(v) at a specific pixel voltage v to a dielectric e L constant
when liquid crystal is arranged along a direction parallel with a substrate i.e., liquid
crystal is perpendicular to transmission direction of light.

In FIG. 4, it is assumed that a maximum of e(v)/ ¢ L ie., ell /e L is3,and Vth
and Vmax are 1V and 4V, respectively. The Vth and Vmax indicates pixel voltages
corresponding to full white and full black (or otherwise), respectively.

Assuming that a capacitance of the storage capacitor (hereinafter, referred to as
a storage capacitance) is equal to an average of the liquid crystal capacitance <Cst>, and

an area of the substrate of the LCD and a distance between the substrates of the LCD
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are A and d, respectively, the storage capacitance Cst can be expressed by a following
math formula 1:
Cst=<Cl>=1/3(c Il +2e1)A/d=5/3e1 A/d=5/3C0,
Where CO=¢ L A/d.
5 From FIG. 4, g(v)/ € L. can be expressed by a following math formula 2:

g(v) eL =1/3(2V +1).

Since a total capacitance C(V) of the LCD is the sum of the liquid crystal
capacitance and the storage capacitance, the capacitance C(V) of the LCD can be
expressed by a following math formula 3:

10 C(V) = Cl+ Cst = g(v)A/d + 5/3C0 = 1/3(2V+1)CO0 + 5/3C0 = 2/3(V+3)CO.

Since a quantity of charge Q applied to the pixel is preserved, a following math
formula is established:

Q=C(Vn)Vn = C(VH) VT,

where Vn indicates a data voltage (an absolute value of a data voltage in case

15  of an inverse driving method) to be applied in a current frame, C(Vn-1) indicates a
capacitance corresponding to a pixel voltage of a previous frame ((n-l)th frame), and
C(V{) indicates a capacitance corresponding to an actual pixel voltage (Vf) of a current
frame (n™ frame).

A following math formula 5 is induced from the math formula 3 and the math

16
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formula 4:
C(Vn-1)Vn = C(VHVIf=2/3(Vn-1 +3)/Vn =2/3(Vf+ 3)VL.
Thus, the actual pixel voltage Vf can be expressed by a following math

formula 6:
3Gt (. +3)
ppen N2 T kT oL )
5 2

As clearly known from the above math formula 6, the actual pixel voltage VT is
determined by the data voltage Vn applied in the current frame and the pixel voltage
Vn-1 applied in the previous frame.
Meanwhile, assuming that a data voltage, which is applied in the n'™ frame in
10  order that the pixel voltage reach the target voltage Vn, is Vn’, Vn’ can be expressed by
a following math formula 7 from the math formula 5:
V(n-1 +3)Vn’=(Vn +3)Vn.

Thus, Vn’ can be expressed by a following math formula 8:

[ PR TR £ —;p~t b ) § AR r -!a =¥ ".n- [] E-
e * - R S e
15 Like this, when the data voltage Vn’ obtained by the formula 8 is applied

considering the target pixel voltage Vn of the current frame and the pixel voltage Vn-1
of the previous frame, the pixel voltage Vn as a target can be immediately reached.
The math formula 8 is a formula induced from the drawing of FIG. 4 and some

basic assumptions, and a data voltage Vn’ applicable to a general LCD can be expressed
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in a following math formula 9:

[V’ = |Va| + f{|Vn| - [Vn-1]),

where the function f is determined by a property of an LCD. The function f
basically has a following property.

In other words, f = “0” in case that [Vn| and [Vn-1| are the same, f is over 0 in
case that |Vn| is greater than {Vn-1|, and f is below 0 in case that [Vn| is less than [Vn-1|.

A method of applying a data voltage according to the embodiment of the
present invention is explained as below.

FIG. 5 is a view showing a method of applying a data voltage according to the
embodiment of the present invention.

As shown in FIG. 3, in a first embodiment of the present invention, by applying
a compensated data voltage Vn’ considering a target pixel voltage of a current frame and
a pixel voltage (data voltage) of a previous frame, a pixel voltage immediately reaches a
target voltage.

In other words, in the first embodiment of the present invention, in case that
the target voltage of the current frame is different from the pixel voltage of the previous
frame, a voltage higher (or a voltage lower) than the target voltage of the current frame
is applied as a compensated data voltage so that a target voltage level is immediately

reached in a first frame, and then the target voltage is applied as the data voltage in a
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next frame. By doing so, response speed of liquid crystal can be improved.

In this regard, the compensated data voltage (quantity of charge) is determined
considering a liquid crystal capacitance determined by the pixel voltage of the previous
frame. In other words, the present invention supplies the quantity of charge Q
considering the pixel voltage level of the previous frame, and thus the target voltage is
immediately reached in the first frame.

FIG. 6 is a view showing a transmittance of a liquid crystal display device in
case of application of a data voltage according to the first embodiment of the present
invention. As shown in FIG 6, according to the first embodiment of the present
invention since the compensated data voltage is applied, a target transmittance is
immediately reached in the first frame.

Meanwhile, in a second embodiment of the present invention, a compensated
voltage Vn’ that is a little higher than a target voltage is applied as a pixel voltage.
When driving so, as shown in FIG 7, a transmittance is below a target value before
about 1/2 of a response time of liquid crystal and is overcompensated after then, and
thus an average transmittance becomes the same as the target transmittance.

A liquid crystal display device according to the embodiment of the present
invention is explained as below.

FIG 8 is a view showing a liquid crystal display device according to the
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embodiment of the present invention, which uses a digital driving method.

As shown in FIG. 8, the liquid crystal display device according to the
embodiment of the present invention includes a liquid crystal display device panel 10, a
gate driver portion 200, a data driver portion 300, and a data grey level signal
compensation portion 400.

In the liquid crystal display device panel 100, a plurality of gate lines S1, S2,
S3, ..., Sn to transfer gate on signals are formed, and data lines D1, D2, ..., Dm to
transfer compensated data voltages are formed. Regions surrounded by the gate lines
and the data lines each form a pixel, and each pixel includes a thin film transistor 110, a
gate electrode and a source electrode of which are connected to the gate line and the
data line, respectively, and a pixel capacitor Cl and a sforage capacitor Cst that are
connected to a drain electrode of the thin film transistor 110.

The gate driver portion 200 applies gate on voltages to the gate lines
sequentially, and thus turns on the TFT the gate electrode of which is connected to the
gate line which the gate on voltage is applied to.

The data grey level signal compensation portion 400 receives a data grey level
signal Gn of n bits from a data grey level signal source (e.g., graphic controller), and
then outputs a data grey level signal Gn’ of m bits compensated considering a data grey

level signal of m bits of a current frame and a data grey level signal of m bits of a
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10

previous frame, as explained above.

In this regard, the grey level signal compensation portion may exist as a stand-
alone unit, or may be integrated into a graphic card or LCD module.

The data driver portion 300 changes the compensated grey level signal Gn’,
which is received from the data grey level signal compensation portion 400, into the
corresponding grey level voltage (data voltage) and applies the voltage to the data line.

FIG. 9 is a view showing a first embodiment of a data grey level signal
compensation portion according to the present invention.

As shown in FIG. 9, a first embodiment of a data grey level signal
compensation portion 400 according to the present invention i.e., a picture signal
compensation circuit (DCC: Dynamic Capacitance Compensation) includes a frame
memory 410, a controller 420, and a data grey level signal converter 430, and receives a
grey level signal of n bits for each of R(red), G(green), and B(biue) and a compensated
grey level signal Gn’. Thus, the grey level signals, which the data grey level signal
compensation portion 430 receives, are totally 3*n bits. One of ordinary skill in the art
can let grey level signals of (3*n) bits simultaneously applied from the data grey level
signal source to the data grey level signal compensation portion 430, or let R, G and B
grey level signals sequentially applied.

In FIG. 9, the frame memory 410 determines bits of the grey level to be
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compensated, has m bits among the grey level signals of the n bits for R (red), G (green),
and B (blue), which are received from the data grey level signal source, input thereto,
stores the m bits in predetermined addresses corresponding to R, G and B, and outputs
the m bits to the data grey level converter 430 after one frame delay. In other words, the
frame memory 410 receives a m-bit grey level signal (Gn) of a current frame, and
outputs a m-bit grey level signal (Bn-1) of a previous frame.

The data grey level converter 430 receives (n-m) bits of the current frame (Gn)
not passing through compensation and bypassing, and n bits of the current frame (Gn)
being received for compensation, among n bits being received from the data grey level
signal source, and m bits of the previous frame (Gn-1) delayed by the frame memory
410, and then generates a compensated grey level signal considering the m bits of the
current frame and the previous frame.

A response time of a liquid crystal can be reduced to less than one frame
through the picture signal compensation circuit, and thus phenomenon of reduction of
dynamic contrast ratio of an LCD panel and a stroboscopic motion phenomenon can be
completely removed.

However, despite retina after image time shortened at the LCD panel, a
dragging phenomenon is still observed, and the dragging phenomenon and a blurring

phenomenon at an edge cannot be completely removed.
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The reason that the dragging phenomenon is still observed even though such
the response time is much shorter than the retina after image time e.g., 40ms is
explained as follows.

Realization of a moving picture is explained with a quadrangle moving across

5 an LCD screen as an example.

FIG. 10 is a view for explaining a general dragging phenomenon of an LCD
screen.

As shown in FIG. 10, when a quadrangular black color moves from a left side
to a right side on a LCD screen, a black color is maintained in a (n—l)th frame, but in a

10 n™ frame, a region A of the black color quadrangle changes from a background color
into a foreground color, a region B of the black color quadrangle is maintained as the
foreground, and a region C of the black color quadrangle changes from the foreground
into the background.

Thus, during the n™ frame, the region B still appears black while the regions A

15  and B appear grey because white and black are mixed.

Even in a (n+1)th frame of a next frame, identical to the n™ frame, the
quadrangular region B’ is still maintained without change of color, and the quadrangular
regions A’ and C” appear grey because white and black are mixed.

If an observer focuses on one point of the LCD screen, the changed regions (A,
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C)(A’, C’) do not a big problem, but when there is an moving object on a screen,
observer’s eyes follow the moving object. In other words, the regions B, B’, B”,...
continue to become image at a fixed position of a retina, and likewise, the regions A, A’,
A”, ... are fixed at a position and become image, and the regions C, C’, C”, ... are also
the same.

When the LCD panel responds within one frame like FIG 11(a), lights
projected on a retina recognizing the parts A, B and C of the quadrangle are the same as
(b).

The observer’s eyes does not detect a thing changing at a speed of
approximately 16ms, and recognizes an average value.

A solid line in FIG 11(b) is a response felt in the eyes. Ideally, if the A region
were to become a full black and the region C were to become a full white, a clear
quadrangle without blurring would be perceived on the screen, but as shown in FIG. 11,
light transmits somewhat at the region A, and a maximum brightness cannot be reached
at the region C. To reduce this error, a response speed of liquid crystal needs to be faster.

For example, when 5% error is allowable, a response time of liquid crystal
needs to be about 10/1 of one frame. In other words, only if the liquid crystal responds
within 1.67ms at 60 frame/sec or within 3.33ms at 30 frame/sec, a clear screen without

blurring can be recognized.
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10

However, a nematics liquid crystal responding within such the fast time among
all grey levels is not developed currently.

Hereinafter, an example of realizing an LCD screen without dragging through a
picture signal compensation is explained. To do this, as shown in FIG. 12, operation is
conducted with one picture frame divided into two sub frames.

FIG. 12 is a view showing a transmittance of a liquid crystal display device in
case of applying a data voltage using a sub frame according to the embodiment of the
present invention.

As shown in FIG. 12, in case that a grey level signal of a current frame greater
than a grey level signal of a previous frame is input, an overshoot driving is conducted
in a first sub frame n+ out of the divided picture frame, and a driving with the overshot
value rolled back to an originally desired target value is conducted in a second sub
frame n-.

Through the overshoot of this mode, a quantity of light lost during a time a
liquid crystal responds is recovered, and an effect can be obtained as if a response time
of liquid crystal was infinitely fast and thus an edge of a moving image is clearly
recognized. In this regard, the value for the overshoot is a function depending on a grey
level of a current frame and a grey level of a previous frame.

It is explained in the above FIG. 12 that in case that the grey level of the
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current frame is checked greater through comparing the grey level of the previous frame
with the grey level of the current frame, the overshoot driving is conducted in the first
sub frame, and the down driving to the target value is conducted in the second sub frame,
but the reverse is possible.

In other words, in case that the grey level signal of the current frame less than
the grey level signal of the previous frame is input, an undershoot driving is conducted
in the first sub frame, and an up driving to a target value is conducted in the second sub
frame, and thus a screen dragging phenomenon occurring in realizing a moving picture
of a liquid crystal display device can be removed.

FIGs. 13a and 13b are views for explaining a second embodiment of a data
grey level signal compensation portion according to the present invention, FIG. 13a is a
view for explaining the data grey level signal compensation portion according to a first
sub frame, and FIG. 13b is a view for explaining the data grey level signal compensation
portion according to a second sub frame.

As shown in FIGs. 13a and 13b, a second embodiment of a data compensation
signal compensation portion 400 i.e., a picture signal compensation circuit (DCC:
Dynamic Capacitance Compensation) includes a synthesizer 410, a frame memory
portion 420, a controller 430, a data grey level signal converter 442 and a separator 450,

and explanations of parts overlapping with the above FIG. 11 are omitted.
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The frame memory portion 420 includes a first frame memory 422 and a
second frame memory 424, and, according to control signals (write/read) supplied from
the controller 430, conducts an operation of storing a grey level signal supplied from the
synthesizer 410 and outputting a grey level signal of a previous frame to the data grey
level signal converter 442, or an operation of outputting a grey level signal of a current
frame and a grey level signal of a previous frame already stored to the data grey level
signal converter 442,

In more detail, the first memory 422 stores a grey level signal Gn of a current
frame supplied from the synthesizer 410 according to a write signal being input from the
controller 430 when driving the first sub frame, and outputs the grey level signal Gn of
the current frame already stored to the data grey level signal converter 442 according to
a read signal being input from the controller 430 when driving the second sub frame.

The second memory 424 outputs a grey level signal Gn-1 of a previous frame
already stored to the data grey level signal converter 442 according to a read signal
being input from the controller 430 when driving the first sub frame, and outputs a grey
level signal Gn-1 of a previous frame already stored to the data grey level signal
converter 442 according to a read signal being input from the controller 430 when
driving the second sub frame.

The data grey level signal converter 442 is, according to a frame detection
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signal 431 supplied from the controller 430, supplied with the grey level signal Gn of
the current frame from the synthesizer 410 and the grey level signal Gn of the current
frame or the grey level signal Gn-1 of the previous frame from the frame memory
portion 420, and outputs a first compensated grey level signal Gn+’ or a second
compensated grey level signal Gn-’ to the separator 450.

In more detail, in case that the frame detection signal 431 supplied from the
controller 430 is checked as a first sub frame, the grey level signal Gn of the current
frame is supplied from the synthesizer 410 and the grey level signal Gn-1 of the
previous frame is supplied from the second frame memory 424 of the frame memory
portion 420, and the compensated grey level signal Gn+’ of the first sub frame is output
to the separator 450.

Moreover, in case that the frame detection signal 431 supplied from the
controller 430 is checked as the second sub frame, the grey level signal Gn of the
current frame is supplied from the first frame memory and the grey level signal Gn-1 of
the previous frame is supplied from the second frame memory 424, and the
compensated grey level signal Gn-’ of the second sub frame is output to the separator
450.

As explained above, in the second embodiment of the data grey level signal

compensation portion according to the present invention, when the grey level signal Gn
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of the current frame and the grey level signal Gn-1 of the previous frame output from
the frame memory portion 420 enter, the first compensated grey level signal Gn+’ is
output in the first sub frame (+) as shown in FIG. 13a, and the second compensated grey
level signal Gn-’ is output in the second sub frame (-) as shown in FIG 13b. In this
regard, the first compensated grey level signal is an overshoot compensated grey level
signal in case of the grey level signal of the current frame greater than the grey level
signal of the previous frame, and is an undershoot compensated grey level signal in case
of the grey level signal of the current frame less than the grey level signal of the
previous frame.

Moreover, the second compensated grey level signal is a compensated grey
level signal by making an overshot value down to an originally desired target value in
case of the grey level signal of the current frame greater than the grey level signal of the
previous frame, and is a compensated grey level signal by making up to an originally
desired target value in case of the grey level signal of the current frame less than the
grey level signal of the previous frame.

Therefore, the controller supplies a signal notifying whether a program
changes or not, a frame signal in the present invention to the data grey level signal
converter, and the data grey level signal converter outputs, in accordance with the frame

signal supplied from the controller, a compensated grey level data according to the first
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sub frame driving, or a compensated grey level data according to the second sub frame
driving.

Meanwhile, an operation of writing on the frame memory is conducted only in
a positive polarity (+) frame i.e., the first sub frame. In other words, at the moment a
screen changes, it is wrote on the frame memory and the data grey level signal converter
outputs a first grey level data, and in a next sub frame, it is not wrote on the frame
memory and the data grey level signal converter outputs a grey level data of a second
sub frame, and this process is repeated.

It is explained in the above second embodiment that one picture frame is time-
divided into two sub frames, and when driving the time-divided first sub frame and
second sub frame, the grey level signals of the previous frame and the current frame are
compared and a moving picture compensation operation is conducted, and time-dividing
into even 3 or more sub frames is not beyond the gist of the present invention. For
example, in case of dividing into 3 sub frames, a first sub frame may be used as one sub
frame, and second and third sub frames may be used as the other sub frame.

FIGs. 14a to 14c are views for explaining a third embodiment of a grey level
signal compensation portion according to the present invention.

As shown in FIGs. 14a to 14c¢, a third embodiment of a data grey level signal

compensation portion 400 according to the present invention i.e., a picture signal
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compensation circuit (DCC: Dynamic Capacitance Compensation) includes a
synthesizer 410, a frame memory portion 420, a controller 430, a data grey level signal
converter 444, and a separator 450, and explanations of parts overlapping with the
above FIG. 11 are omitted.

The frame memory portion 420 includes a first frame memory (A) 426, a
second frame memory (B) 427, and a third frame memory (C) 428, and, by control of
the controller 430, is supplied with a grey level signal of a current frame from the
synthesizer 410 and writes the grey level signal on one of the frame memories 426, 427
and 428, and outputs grey level signals already stored in the two frame memories, which
are not conducting a writing operation according to the writing of the grey level signal
of the current frame, to the data grey level signal converter 444.

In more detail, as shown in FIG. 14a, according to the grey level signal Gn of
the current frame being wrote on the second frame memory 427, the first frame memory
426 outputs a grey level signal Gn-2 already stored of 2 frames before to the data grey
level signal converter 444, and the third frame memory 428 outputs a grey level signal
Gn-1 of 1 frame before to the data grey level signal converter 444.

In this regard, in case that a frequency, which can be used in conducting a
storing operation of each frame memory, is 30Hz, a frequency used in conducting an

output operation of it is 60Hz, and in case that a frequency of a storing operation of each
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frame memory is 60Hz, a frequency of an output operation of it is 120Hz.

As explained above, in case of a computer picture signal using a progressive
scanning mode in which a number of field and a number of frame per 1 second are
equal to each other, a number of field per 1 second is made twice, and 1 frame is made
duplicated so that 2 fields are output. For example, in case of 60 frame/sec, every frame
is duplicated to generate 120 fields per 1 second, and then the LCD panel is driven at
120Hz.

The frame memory in this case can be configured totally with 3 frame
memories, a picture signal input in the current frame is wrote on the first frame memory
426 at 60Hz, a picture signal wrote 1 frame before is stored in the second memory 427,
and a picture signal wrote 2 frames before is stored in the third memory 428.

The controller 430 reads at 120 Hz from the second memory 427 and the third
memory 428 and outputs to the data grey level signal converter 444 in the current frame,
and in a next frame, the third memory 428 receives a signal being input, and the
controller 430 reads a picture signal from the first and second memories 426 and 427
and outputs the picture signal to the data grey level signal converter 444. In this manner,
the first, second and third memories 426, 427 and 428 conduct writing and output
operations sequentially. In this regard, the classified memories may be memories

partitioned in physical concept, or memories partitioned in logical concept.
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As explained above, regardless of the first sub frame n+ or the second sub
frame n- out of two sub frames which one frame is divided into, the grey level signal
input to the data grey level signal converter 444 is equal to the grey level signal Gn or
the current frame or the grey level signal Gn-1 of the previous frame.

Thus, determining which one of the two grey level signals Gn and Gn-1 is
output according to the frame detection signal output from the controller 430 enters any
step among steps of the data grey level signal converter 444.

For example, used can be a method of configuring a data grey level signal
converter with a data grey level signal converter for a positive polarity (+) sub frame
and a data grey level signal converter for a negative polarity (-) sub frame separately,
receiving a frame detection signal, determining which path to output, and outputting a
compensation grey level value along a specific path.

Moreover, as the contrary example, used can be a method of not configuring a
separate data grey level signal converter, simultaneously outputting two compensation
values from one data grey level signal converter and exporting the outputs selectively
according to the frame signal, and a mixture method of the above two methods can be
used.

Even though explanations are made above with reference to the desirable

embodiments of the present invention, it can be understood that a skilled person in the
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art can variously modify and alter the present invention within a range not departing
from the thought and region of the present invention recited in the below range of
claims.

[EFFECT OF THE INVENTION]

As explained above, according to the present invention, using two sub frames
which one frame is time-divided into in displaying a moving picture, in case that a grey
level signal of a current frame greater than a grey level signal of a previous frame is
input, an overshoot driving is conducted in a first sub frame and then a down driving to
a target value level is conducted in a second sub frame, and thus a screen dragging
phenomenon in realizing a moving picture of a liquid crystal display can be removed.

Moreover, using the time-divided two sub frames, in case that a grey level
signal of a current frame less than a grey level signal of a previous frame is input, an
undershoot driving is conducted in a first sub frame and then an up driving to a target
value level is conducted in a second sub frame, and thus a screen dragging phenomenon

in realizing a moving picture of a liquid crystal display can be removed.
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[RANGE OF CLAIMS]

[CLAIM 1]}

A liquid crystal display device having a moving picture compensation function,
the device comprising:

a data grey level signal compensation portion that divides a grey level data
frame of a picture signal supplied from a data grey level signal source into at least two
sub frames, and outputs a compensated grey level data through an overshoot or
undershoot driving according to comparing a grey level signal of a previous frame and a
grey level signal of a current frame;

a data driver portion that is supplied with the compensated grey level data
through the overshoot or undershoot driving, converts the compensated grey level data
into a data voltage corresponding to the compensated grey level data, and outputs a
picture signal;

a gate driver portion that supplies scanning signals sequentially; and

a liquid crystal display panel that includes a plurality of gate lines transferring
the scanning signals, a plurality of data lines transferring the picture signals, and
isolated from and crossing the gate lines, and a plurality of pixels formed at regions
surrounded by the gate lines, the data lines and each having a switching element

connected to the gate line and the data line, and arranged in a matrix form.
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[Claim 2]

The device according to claim 1, wherein in case that a grey level signal of a
current frame greater than a grey level signal of a previous frame is input, the data grey
level signal compensation portion outputs a first compensated grey level data through an
overshoot driving in a sub frame located at a first half portion out of the divided picture
frame, and outputs a second compensated grey level data through a down driving to a
target value from the overshot value in a sub frame located at a second half portion out

of the divided picture frame.

[Claim 3]

The device according to claim 1, wherein in case that a grey level signal of a
current frame less than a grey level signal of a previous frame is input, the data grey
level signal compensation portion outputs a third compensated grey level data through
an undershoot driving in a sub frame located at a first half portion out of the divided
picture frame, and outputs a fourth compensated grey level data through an up driving
to a target value from the downshot value in a sub frame located at a second half portion

out of the divided picture frame.
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[Claim 4]
The device according to claim 1, wherein the data grey level signal
compensation portion supplies the compensated grey level data to the data driver

portion using an interlaced scanning method.

[Claim 5]

The device according to claim 4, wherein the data grey level signal
compensation portion includes:

a controller that outputs a first control signal for writing and reading of a grey

10 level data when driving the first sub frame, and outputs a second control signal for
writing and reading of a grey level data when driving the second sub frame;

a first memory that stores a grey level data of a current frame supplied from a
data grey level source, in case that the first control signal is input from the controller,
when driving the first sub frame, and outputs the grey level data of the current frame

15  when driving the second sub frame;

a second memory that outputs a grey level data of a previous frame, in case
that the second control signal is input from the controller, when driving the first sub
frame and the second sub frame; and

a data grey level signal converter that, when driving the first sub frame, is
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(@2}

10

15

supplied with a grey level data of a current frame from the data grey level signal source,
is supplied with a grey level data of a previous frame from the second frame memory,
and outputs a compensated grey level data, and, when driving the second sub frame, is
supplied with a grey level data of a current frame from the first frame memory, is
supplied with a grey level data of a previous frame from the second frame memory, and

outputs a compensated grey level data to the data driver portion.

[Claim 6]

The device according to claim 1, wherein the data grey level signal

compensation portion supplies the compensated grey level data to the data driver
portion using a progressive scanning method.

[Claim 7]

The device according to claim 6, wherein the data grey level signal
compensation portion includes:

a first memory that outputs a grey level data of a (n-2)th frame already stored
when driving a n'™ frame, stores a grey level data of a (n+1)th frame when driving a
(n+1)™ frame, and outputs a grey level data of a (n+1)™ frame already stored when
driving a (n+2)th frame;
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a second memory that stores a grey level data when driving a n™ frame, outputs
a grey level data of a n™ frame already stored when driving a (n+1)" frame, and outputs
a grey level data of a n'™ frame already stored when driving a (n+2)th frame;
a third memory that outputs a grey level data of a (n—l)th frame already stored
5  when driving a n" frame, outputs a grey level data of a (n—l)th frame already stored
when driving a (n+1)th frame, and stores a grey level data of a (n+2)th frame already
stored when driving a (n+2)™ frame;
a controller that controls writing and reading of grey level data of the first to
third memories; and
10 a data grey level signal converter that, when driving a n'™ frame, is supplied
with grey level data from the first and third memories and outputs a compensated grey
level data, and, when driving a (n+1)th frame, is supplied with grey level data from the
second and third memories and outputs a compensated grey level data, and, when
driving a (n+2)th frame, is supplied with grey level data from the first and second

15  memories and outputs a compensated grey level data.

[Claim 8]
The device according to claim 6, wherein a storing frequency of grey level data

stored in the first to third memories is stored as a first frequency, and an output
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frequency of grey level data output from the first to third memories is a second

frequency that is twice of the first frequency.

[Claim 9]

5 The device according to claim 5 or 7, wherein the memory is a frame memory.

[Claim 10]

A driving device of a liquid crystal display device having a moving picture
compensation function, the driving device supplied from a data grey level signal source

10 with a grey level data of a picture signal and outputting the grey level data to a liquid
crystal display module, the driving device comprising:

a data grey level signal compensation portion that divides a grey level data
frame of a picture signal supplied from a data grey level signal source into at least two
sub frames, and outputs to the liquid crystal display panel a compensated grey level data

15  through an overshoot or undershoot driving according to comparing a grey level signal
of a previous frame and a grey level signal of a current frame, thereby making a

response speed of liquid crystal high.

[Claim 11]
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The driving device according to claim 10, wherein in case that a grey level
signal of a current frame greater than a grey level signal of a previous frame is input, the
data grey level signal compensation portion outputs a first compensated grey level data
through an overshoot driving in a sub frame located at a first half portion out of the
divided picture frame, and outputs a second compensated grey level data through a
down driving to a target value from the overshot value in a sub frame located at a

second half portion out of the divided picture frame.

[Claim 12]

The driving device according to claim 10, wherein in case that a grey level
signal of a current frame less than a grey level signal of a previous frame is input, the
data grey level signal compensation portion outputs a third compensated grey level data
through an undershoot driving in a sub frame located at a first half portion out of the
divided picture frame, and outputs a fourth compensated grey level data through an up
driving to a target value from the downshot value in a sub frame located at a second half

portion out of the divided picture frame.

[Claim 13]

The driving device according to claim 10, wherein the data grey level signal
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compensation portion supplies the compensated grey level data to the data driver

portion using an interlaced scanning method.

[Claim 14]

5 The driving device according to claim 13, wherein the data grey level signal
compensation portion includes:

a controller that outputs a first control signal for writing and reading of a grey
level data when driving the first sub frame, and outputs a second control signal for
writing and reading of a grey level data when driving the second sub frame;

10 a first memory that stores a grey level data of a current frame supplied from a
data grey level source, in case that the first control signal is input from the controller,
when driving the first sub frame, and outputs the grey level data of the current frame
when driving the second sub frame;

a second memory that outputs a grey level data of a previous frame, in case

15  that the second control signal is input from the controller, when driving the first sub
frame and the second sub frame; and

a data grey level signal converter that, when driving the first sub frame, is
supplied with a grey level data of a current frame from the data grey level signal source,

is supplied with a grey level data of a previous frame from the second frame memory,
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and outputs a compensated grey level data, and, when driving the second sub frame, is
supplied with a grey level data of a current frame from the first frame memory, is
supplied with a grey level data of a previous frame from the second frame memory, and

outputs a compensated grey level data to the data driver portion.

5

[Claim 15]

The driving device according to claim 10, wherein the data grey level signal
compensation portion supplies the compensated grey level data to the data driver
portion using a progressive scanning method.

10

[Claim 16]

The driving device according to claim 15, wherein the data grey level signal
compensation portion includes:

a first memory that outputs a grey level data of a (n-2)™ frame already stored

15  when driving a n frame, stores a grey level data of a (n+1)th frame when driving a

(n+1)th frame, and outputs a grey level data of a (n+1)" frame already stored when
driving a (n+2)th frame;

a second memory that stores a grey level data when driving a n' frame, outputs

a grey level data of a n'® frame already stored when driving a (n+1)th frame, and outputs
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a grey level data of a n" frame already stored when driving a (n+2)th frame;

a third memory that outputs a grey level data of a (n—l)th frame already stored
when driving a o™ frame, outputs a grey level data of a (n—l)th frame already stored
when driving a (n+1)th frame, and stores a grey level data of a (n+2)th frame already

5  stored when driving a (n+2)™ frame;

a controller that controls writing and reading of grey level data of the first to
third memories; and

a data grey level signal convérter that, when driving a n'™ frame, is supplied
with grey level data from the first and third memories and outputs a compensated grey

10 level data, and, when driving a (n+1)th frame, is supplied with grey level data from the
second and third memories and outputs a compensated grey level data, and, when
driving a (n+2)th frame, is supplied with grey level data from the first and second

memories and outputs a compensated grey level data.

15 [Claim 17]
The driving device according to claim 16, wherein a storing frequency of grey
level data stored in the first to third memories is stored as a first frequency, and an
output frequency of grey level data output from the first to third memories is a second

frequency that is twice of the first frequency.

44

LGD_000588

IPR2015-00885
Exhibit 2007
Page 279 of 374



[Claim 18]
The driving device according to claim 14 or 16, wherein the memory is a frame

memory.

[Claim 19]

A method of driving a liquid crystal display device having a moving picture
compensation function, the device including a plurality of gate lines, a plurality of data
lines insulated from and crossing the gate lines, and a plurality of pixels formed at

10  regions surrounded by the gate lines and the data lines, each having a switching element
connected to the gate line and the data line, and arranged in a matrix form, the method
comprising:

(a) a step of supplying scanning signals to the gate lines sequentially;

(b) a step of dividing one picture frame supplied from an external data grey

15  level signal source into at least two sub frames;

(c) a step of comparing a grey level signal of a current frame and a grey level
signal of a previous frame according to a grey level signal of a current frame being
input;

(d) a step of, in case that a grey level signal of a current frame is check greater

45

LGD_000589

IPR2015-00885
Exhibit 2007
Page 280 of 374



than a grey level of a previous frame in the step (c), conducting an overshoot driving
and generating a first data driving voltage when driving a sub frame located at a first
half portion out of the divided sub frames, and conducting a down driving to a target
value from the overshot value and generating a second driving voltage when driving a
sub frame located at a second half portion out of the divided sub frames;

(e) a step of, in case that a grey level signal of a current frame is check less
than a grey level of a previous frame in the step (c), conducting an undershoot driving
and generating a third data driving voltage when driving a sub frame located at a first
half portion out of the divided sub frames, and conducting an up driving to a target
value from the undershot value and generating a fourth driving voltage when driving a
sub frame located at a second half portion out of the divided sub frames; and

() a step of supplying the first to fourth driving voltages generated in the steps

(c) and (d) to the data line, thereby making a response speed of liquid crystal high.

[Claim 20]

The method according to claim 19, further comprising a step of, in case that a
grey level signal of a current frame is check equal to a grey level of a previous frame in
the step (c), bypassing a non-compensated grey level signal and supplying a data

voltage corresponding to the bypassed grey level signal to the data line.
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[Claim 21]
The method according to claim 19, wherein in case that the divided sub frames
are two, the sub frame located at the first half portion is a first sub frame, and the sub

5  frame located at the second half portion is a second sub frame.
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[FIG. 10]
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[FIG. 13b]
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[FIG. 14a]
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[FIG. 14b]
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Declaration of Richard Zech, Ph.D.

I. INTRODUCTION

1. My name is Dt. Richard G. Zech, and I have been retained by the law firm of
Mayer Brown LLP on behalf of LG Display Co. Ltd. and LG Display America, Inc. as

an expert in the relevant art.

2. I have been asked to provide my opinions and views on the materials T have
reviewed in this case related to Ex. 1001, U.S. Patent No. 7,202,843 (“the ’843
Patent”) (“the patent-at-issue”), and the scientific and technical knowledge regarding
the same subject matter before and for a period following the date of the first

application for the patent-at-issue was filed.

B I am compensated at a rate of $250 per hour for my work, plus reimbursement
for expenses. My compensation does not depend on the outcome of this proceeding,

nor has it influenced any of my opinions in this matter.

4. My opinions and undetlying reasoning for this opinion are set forth below.

A.  Background And Qualifications

5. A detailed record of my professional qualifications is set forth in the attached
Appendix A (my curticulum vitae), including a list of publications, awards, research
grants, and professional activities. A list of my previous testimony by deposition and

at trial is included in my curriculum vitae (CV).

6. I graduated from Lawrence Institute of Technology (now Lawrence University)
1
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Declaration of Richatd Zech, Ph.D.

in 1965 with a B.S. in Electrical Engineering, being a Founder’s Scholar each yeat of
my undergraduate studies. I then graduated from University of Michigan in Decembet
1966 with an MSEE degree and in May 1974 with a Ph.D. in Electrical Engineering
with Computer Science and Photonics minors. While at the University of Michigan, I
studied under leading modern optical science information processing pioneets,
including Prof. Dr. E. N. Leith, Dt. A. Kozma, Dr. A. Vander Lugt, and Prof. Dr.

Dennis Gabor (1971 Nobel lauteate 1n physics).

il I am currently President and Managing Principal of the ADVENT Group,
which provides forensic consumer electronics test and evaluation, market research,
product development, R&D, engineering, and technology assessment setvices in the
areas of optical and computer storage, flat panel displays, digital cameras,
nanotechnology, microelectromechanical systems (MEMS), and photonics. ADVENT
Group’s main areas of expertise include consumer electronic technologies, such as
digital cameras and imaging, displays (monitors and TVs), scanners, small computet
systems and components, and optical drive and media technologies. I have held VP
positions in Engineering, Matketing and Sales, and Strategic Planning. In 1990 I was
President and COO of the New Intetfile Corporation. I therefore have both a
knowledge of and perspective on the industries in which T have expertise, including
flat panel displays.

8. At the University of Michigan I began a lifetime of research and development

2
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Declaration of Richard Zech, Ph.D.

in the highly specialized areas of optical data and image storage, processing,
computing, and communications, as well as image capture and display. While
completing my Masters and Doctorate education at the University of Michigan, I
performed research in the areas of holography, optical data processing and storage,
light-sensitive materials, lasers, displays, and grating ruling engines. I also wotked on
research and development of pioneeting recording and processing systems for optical

storage and image correction and enhancement.

38 I have extensive expetience with displays of vatious types. In the 1960s and
1970s, 1 worked with liquid crystal displays for numerous applications. The primary
ones being as page composers (input devices) for prototype 3D holographic
memories for NASA and large (up to 4x5 foot) monochrome and color displays for
data fusion analysis (classified USAF contract; an eatly part of the 30-minute war
scenario project). By today’s standards, this was all very crude. I also worked on head-
up displays for USAF fighter aircraft and holographic optical elements (HOE) for
FLIR (forward looking infrared) sensots. In the 1980s my interests turned to plasma
displays, which were well developed, for example, by IBM. In 1995 at the National
Association of Broadcasters (NAB) Show I saw the future thanks to a demonstration
at the Toshiba booth: real high-definition TV shown on a large (1920x1080) liquid
crystal display (I.CD). From that time to the present, LCDs have been an impottant

part of my consulting practice.
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10. T have nearly 50 yeats of electtical and computer engineering expetience in
research and development, product development, systems engineering, and program
management, including being principal investigator role. My work experience relates
to advanced technologies for capturing, processing, and storing large data sets, such as
LandSAT satellite data for NASA and the Department of Defense. I have been
involved with pioneeting work in the fields of holography, 3D holographic memoties,
optical data storage on disc, tape, and card, flat panel displays, lasers, matetials
science, and input/output devices. Since my graduation from the University of
Michigan, T have taken numerous courses and seminars to increase my technical

knowledge, and I have published nearly 200 papers and repotts.

11. In the 1980s, as part of my modernizaton plan while Director of
Communications systems (latet, VP/Chief Technology Officer) at McGraw-Hill, I
introduced personal computers (PCs), local atea networks (LANs), document image
management systems with an emphasis on displays for electronic information
products. Starting in the 1990s, I have been researching ways to improve the
performance, reliability, and lower the cost of high-performance of LCD and other

types of displays.

12. 1 also have considerable experience with light emitting diodes (LEDs) and
CCD and CMOS (complementary metal oxide semiconductor) image sensors through

my wotk in 3D holographic memories (in which the image sensor is the output

4
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Declaration of Richard Zech, Ph.D.

device, and digital cameras). LEDs are now the preferred light source for backlighting

1.CDs.

B. Information Considered

13.  In addition to my general knowledge gained as a result of my education and
experience in this field, I have reviewed and considered, among other things, the "843
Patent, its prosecution histoty, the prior art of record, and certain other prior art

references as discussed in this declaration.

14.  'The full list of information that I have considered in forming my opinions for

this report is set forth throughout the report and listed in the attached Appendix B.

II.  Legal Standards

15.  In forming my opinions and considering the patentability of the claims of the
’843 Patent, I am relying upon certain legal principles that counsel has explained to

me.

16. T understand that for an invention claimed in a patent to be found patentable, it
must be, among other things, new and not obvious in light of what came before it.
Patents and publications which ptedated the invention are generally referred to as

“prior art.”

17. 1 understand that in this proceeding the burden is on the party assetting
unpatentability to prove it by a preponderance of the evidence. I understand that “a
5
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Declaration of Richard Zech, Ph.D.

preponderance of the evidence” is evidence sufficient to show that a fact is more

likely than not.

18. I understand that in this proceeding, the claims must be given their broadest
teasonable interpretation consistent with the specification. The claims after being
construed in this manner are then to be compared to information that was disclosed

1n the prior art.

A. Person of Ordinary Skill in the Art

19. I have been informed that the claims of a patent are judged from the
perspective of a hypothetical construct involving “a person of ordinary skill in the
art.” The “art” is the field of technology to which the patent is related. I understand
that the purpose of using a person of ordinary skill in the art’s viewpoint is objectivity.
Thus, 1 understand that the question of validity is viewed from the perspective of a
person of ordinary skill in the art, and not from the perspective of (a) the inventot, (b)
a layperson, ot (c) a petson of extraotrdinary skill in the art. I have been informed that
the claims of the patent-at-issue are interpreted as a person of ordinary skill in the att
would have understood them in the relevant time period (Ze, when the patent

application was filed or eatliest effective filing date).
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20. It is my opinion that a one of ordinary skill in the art would be an electrical
engineer with at least a BS degree (pteferably a MS degree) and 3-5 years of circuit

design experience.

21. T understand that a “person of otdinary skill is also a petson of ordinaty
creativity, not an automaton” and that would be especially true of anyone developing

technology for LCD panels.

B. Anticipation

22. 1 understand that the following standards govern the determination of whether
a patent claim is “anticipated” by the prior art. I have applied these standards in my
analysis of whether claims of the 843 Patent were anticipated at the time of the

mnvention.

23. I understand that a patent claim is “anticipated” by a single prior art reference
if that reference discloses each element of the claim in a single embodiment. A priot
art reference may anticipate a claim inherendly if an element is not expressly stated, if

the ptior art necessarzly includes the claim limitations.

24. 1 understand that the test for anticipation is performed in two steps. First, the
claims must be interpreted to determine their meaning. Second, a prior art reference is

analyzed to determine whether every claim element, as interpreted in the first step, is
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present in the reference. If all the elements of a patent claim are present in the prior

art reference, then that claim is anticipated and 1s invalid.

25. I understand that it is acceptable to examine extrinsic evidence outside the
prior art reference in determining whether a feature, while not expressly discussed in

the reference, is necessarily present within that reference.

C. Obviousness

26. 1 understand that a claim can be invalid in view of prior art if the differences
between the subject matter claimed and the prior att are such that the claimed subject
matter as a whole would have been “obvious” at the time the invention was made to 2

person having ordinary skill in the att.

27. I understand that the obviousness standard is defined at 35 U.S.C. § 103(a). I
understand that a claim is obvious ovet a prior art reference if that reference,
combined with the knowledge of one skilled in the art or other prior art references

discloses each and evety element of the recited claim.

28. 1 also understand that the relevant inquity into obviousness requires

consideration of four factors:

a. The scope and content of the prior att;

b. The differences between the prior art and the claims at issue;

c. The knowledge of a person of ordinary skill in the pertinent art; and
8
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Declaration of Richard Zech, Ph.D.

d. Objective factors indicating obviousness or non-obviousness may be
present in any particular case, such factors including commercial success of products
covered by the patent claims; a long-felt need for the invention; failed attempts by
others to make the invention; copying of the invention by others in the field;
unexpected results achieved by the invention; praise of the invention by the infringer
or others in the field; the taking of licenses under the patent by othets; expressions of
surprise by experts and those skilled in the art at the making of the invention; and that
the patentee proceeded contraty to the accepted wisdom of the ptior art.

29. 1 understand that when combining two or more references, one should
consider whether a teaching, suggestion, or motivation to combine the teferences
exists so as to avoid impermissible hindsight. I have been informed that the
application of the teaching, suggestion or motivation test should not be rigidly
applied, but rather is an expansive and flexible test. For example, I have been
informed that the common sense of a petson of ordinary skill in the art can serve as

motivation for combining references.

30. I understand that the content of a patent or other printed publication should be
interpreted the way a petson of ordinary skill in the art would have interpreted the
reference as of the effective filing date of the patent application for the "843 Patent. 1
have assumed that the person of ordinaty skill is a hypothetical person who is

presumed to be awate of all the pertinent information that qualifies as prior art. In

9
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addition, the person of ordinary skill in the art makes inferences and creative steps.

He ot she is not an automaton, but has ordinary creatvity.

31. I have been informed that the application that issued as the ’843 patent was
filed in 2004. However, the application claims priotity to a foreign parent application
that was filed on November 17, 2003. As a result, I will assume the relevant time
period for determining what one of ordinary skill in the art knew i1s November 17,

2003, the effective filing date for purposes of this proceeding.

D. Claim Construction

32. 1 have been informed that a claim subject to Infer Parfes Review is given its
“broadest reasonable construction in light of the specification of the patent in which
it appears.” I have been informed that this means that the words of the claim are
given their plain meaning from the perspective of one of ordinary skill in the art
unless that meaning is inconsistent with the specification. Iunderstand that the “plain
meaning” of a term means the ordinary and customary meaning given to the term by
those of ordinary skill in the att at the time of the invention and that the ordinary and
customary meaning of a term may be evidenced by a variety of sources, including the

words of the claims, the specification, drawings, and prior att.

10
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33. 1 understand that in construing claims “[a]ll words in a claim must be
considered in judging the patentability of that claim against the prior art.” (MPEP §

2143.03, citing In re Wilson, 424 F.2d 1382, 1385 (CCPA 1970)).

34. T understand that extrinsic evidence may be consulted for the meaning of a
claim term as long as it is not used to contradict claim meaning that is unambiguous in
light of the intrinsic evidence. Philkps v. AWH Corp., 415 F.3d 1303, 1324 (Fed. Cir.

2005) (citing Vitronics Corp. v. Conceptronzc, Inc., 90 F.3d 1576, 1583-84 (Fed. Cit. 1996)).

35. I also understand that in construing claim terms, the general meanings gleaned
from reference sources must always be compatred against the use of the terms in
context, and the intrinsic record must always be consulted to identify which of the
different possible dictionary meanings is most consistent with the use of the words by
the inventor. See, e.g., Ferguson Beauregard/ Logic Controls v. Mega Systerms, 350 F.3d 1327,
1338 (Fed. Cir. 2003) (citing Brookhill-Wilk 1, LLC v. Intuitive Surgical, Inc., 334 F.3d

1294, 1300 (Fed. Cir. 2003)),

III. THE ’843 PATENT
A.  Specification Of The ’843 Patent

36.  'The ’843 Patent generally relates to circuits and methods for driving a liquid
crystal display (“LLCD”) panel. The LCD panel 30 described in the ’843 Patent

includes a number of well-known components common in prior art LCD panels,

11
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including a plurality of scan lines 32 (also called gate lines), a plurality of data lines 34,

and a plurality of pixels 36. Ex. 1001, at 1:27-31, 3:37-40.

37.  Each pixel 36 includes a switching device 38 (e.g., a thin-film transistor, also
known as a “TTFT”) and a liquid crystal device 39 (also called a “pixel electrode™). Id.
at 3:40-43. These components are shown in Fig. 4 of the ’843 Patent (annotated and
reproduced below), which also shows that the gate of the switching device 38 in each
pixel is connected to the corresponding scan line 32, while the source of the switching

device in the pixel is connected to the cotresponding data line 34. 1d. at 3:43-47.

38.  The LCD panel 30 is driven by applying scan line voltages to the scan lines 32
to turn on the switching devices 38 and applying data impulses to the data lines 34 to

charge the liquid crystal devices 39 via the switching devices 38. 4.

Data -
Line
u JFT
5 Ly
[ ] * I
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Line
Y =
38
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The time that the pixel electrode needs to react to a driving voltage is called “response
time.” As was well known ptior to November 17, 2003 (the effective filing date for
the *843 Patent), the quality of a video image shown on an L.CD panel is dependent, in
patt, on this response time; the faster the response time, the better the image quality.
In this regard, the ’843 Patent explains that a delay in the response time in an LCD
panel causes image defects such as blutring, and describes the need for improving the

LCD response speed. Id. at 1:21-26, 1:62-2:2.

39. The ’843 Patent discusses and claims two previously known techniques for
improving the response time — and resultant image quality — of LCDs: (1)
“overdriving” the signal data; and (2) increasing the refresh rate (e.g., doubling the

refresh rate) of the individual pixels.

40.  As the ’843 Patent explains, “overdtiving” involves “applying a higher or a
lower data impulse to the pixel electrode to accelerate the reaction speed of the liquid
crystal molecules, so that the pixel can reach the predetermined gray level in a

predetermined frame period.” Id. at 2:2-7.

41.  In simple terms, overdtiving enables a pixel to change from one gray level (ie.,
shade of colofr) to another more quickly by either boosting or decreasing the

requested pixel value (i.e., voltage). The intended effect is to increase the difference in

13
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signal between the before and after pixel values such that the boosted signal will
achieve the actual desired level of change (i.e., the non-boosted difference) more

quickly.

42.  In other wotds, by pushing (or pulling) the gray level harder (boosting the
signal), the desired pixel value is obtained faster. The faster change in pixel value,
because it takes less time, reduces the amount of time required for the pixel to change

state, meaning the LCD has a faster response time.

43.  'The ’843 Patent admits that the overdriving was known in the ptior art.
According to the *843 Patent, “/sjame as the prior art, the latger the value of the
pixel data is [ie. overdriving], the higher the voltage of the cortesponding data
impulse is, and the larger the gray level value is.” See id. at 4:17-19 (emphases
added). In this regard, the ’843 Patent acknowledges that the “conventional
overdriving method” taught in the prior art could be used to increase LCD response

speed. Id. at 1:60-2:11.

44, 'The ’843 Patent identified U.S. Patent Application Publication No. 2002-

0050965 Al to Oda et al. as “one of the references of the conventional overdriving

method.” 14, Generally, an overdrive value — i.e., the amount to boost ot decrease the

data value — is computed by comparing a given pixel’s previous gray level (also
14
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referred to as “transmission rate”) with the pixel’s current gray level in order to
predict whether and how much the gray level is increasing or decreasing. [d. at 5:34-
44. The ’843 Patent does not add anything new to this alteady known method for

computing the overdrive value.

45.  'The ’843 Patent alleges that, while capable of improving response time to a
certain extent, overdriving alone does not achieve adequate performance, namely
reaching a desired transmission rate within a single frame period. See id. at 2:7-12, Fig.
2. As shown in Figure 2 of the 843 Patent (reproduced below), a single overdriven
signal C2 is purportedly unable to reach a target transmission rate T2 within a single
frame period N. Rather, according to this Figure, in the prior art, C2 would only reach
T2 in the next frame petiod, N+1. According to the disclosure, since the pixels are
unable to reach predetermined grey levels within a given frame period, the image

could experience blurring. Id. at 1:21-37.

15
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46.  To enable a signal to reach a target transmission rate 12 within a single frame
petiod, the 843 Patent suggests applying two or more overdriven impulses to each

pixel within the given frame petiod. Id. at 4:20-40. For example, as shown in Figure 6

|
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Fig. 6
of the ’843 Patent (reproduced below), each single frame period is divided into two
segments. The Frame N+1 is divided into the segments n+2 and n+3. Two
overdriven data impulses are then applied to these two segments (e.g., one impulse
during n+2 and a second during n+3) to the pixel within the given frame period (e.g.,
N+1). This method allegedly allows the signal to reach a target transmission rate (T2)

within a single frame period (e.g., N+1). Id. at 1:39-41, 3:15-4:43, 5:45-55.

16
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47.  Figure 3 (reproduced below, left) schematically illustrates an embodiment of

the circuit for driving the LCD panel 30. The driving circuit 10 includes a blur clear
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converter 14, a source driver 18, and a gate driver 20. The blur clear converter 14
continuously receives, through a signal controller 12, a plurality of frame data G. The
frame data includes the data necessaty to dtive all of the pixels of the panel 30. The
blur clear converter 14 then generates the ovetrdriven pixel data for each pixel within
each frame petiod based on the frame data. Id at 3:24-28. Figure 5 (reproduced
below, right) shows two ovetdtiven pixel data GN+1 and GN+1(2) generated by the

blur cleat converter 14 for each pixel in the frame period N+1.

48.  'The source driver 18 then converts the overdtiven pixel data (e.g., GN+1 and

GN+1(2)) into the cortesponding data impulses. I4. at 3:28-36. The data impulses are

applied to the liquid crystal device 39 of a pixel within the frame period (e.g., at each

half of the frame period N+1) via the data line 34 in order to control the transmission

rate of the liquid crystal device 39. Id. at 4:8-14. The gate driver 20 generates the
17
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cotresponding scan line voltage and applies it to the scan line 32 to turn on the
switching device 38 of the pixel so that the data impulses from the source driver 13

can be applied to the liquid crystal device 39 of the pixel. I4. at 3:28-30.

B. Claims 1, 4, 8, and 9 Of The ’843 Patent

49. Independent Claim 1 of the 843 Patent is an apparatus claim directed to a
dtiving circuit for driving an LCD panel. The claimed driving circuit “generatfes] a
plurality of overdriven pixel data within every frame period for each pixel.” (Id. at
Claim 1) (emphasis added). Thus, Claim 1 (and Claims 2 and 3 depending therefrom)
requires citcuitry for applying two or more overdriven impulses to each pixel within

a frame period, as shown in Figures 5 and 6 above.

50. Independent Claim 4 is a method claim directed to driving an L.CD display. In
contrast to Claim 1, Claim 4 (and claims 5-9 depending therefrom) merely require
“generating a plurality of data impulses for each pixel within every frame period
according to the frame data.” (Id. at Claim 4) (emphasis added). Thus, Claims 4-9 do
not require performing the overdrive technique.
IV. PRIOR ART ANALYSIS

51. I now turn to the references applied in the grounds for rejections discussed in
the Petition for infer partes review. In my analysis, I will specifically address the

following references:

18

LGD_000624

IPR2015-00885
Exhibit 2007
Page 315 of 374



Declaration of Richard Zech, Ph.D.

Exhibit
Nos.

Reference

Referred To As

1010 Korean Patent Application No. 2000-0073673 (“Lee”) Lee

1008 U.S. Patent Application Publication No. 2002/0044115 | Jinda

(“Jinda”)

1009 Japanese

Open  Application  Publication | Miyai
JPHO00662355A (“Miyai”)

52. 1 also provide the following table to demonstrate how terms used in the ptior

art relate to the terms used in the ’843 Patent. For example, as I mentioned above, a

gate line is also called a scan line and a switching device is also called a TFT.

’843 Patent Terms Lee Terms Jinda Terms

Scan line Gate line/scanning signal

Data line Data line/picture signal Data line/Image signal

Switching device Thin-film transistor (TFT)

Liquid crystal device Liquid crystal capacitor (Cl) | Liquid crystal display
and storage capacitor (Cst) device

Overdtive Overshoot and/ot | Voltage increase
undershoot

Gate driver Gate driver

Source driver Data driver

A.  Korean Patent Application No. 2000-0073673 (“Lee”)

53. Lee discloses a liquid crystal display device including an LCD panel, data and

gate driver portions, and a data grey level signal compensation portion. Ex. 1010, at

pp. 5-6; Fig. 8. The gate driver portion “supplies scanning signals sequentially” (74 at

35:14) and the data driver portion “data dtiver portion 300 changes the compensated

LGD_000625
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grey level signal Gn’...into the corresponding grey level voltage (data voltage) and
applies the voltage to the data line” (id. at 21:4-6). “Regions surrounded by the gate
lines and the data lines each form a pixel,” each of which includes “a thin film
transistor 110, a gate electrode and a soutce electrode of which are connected to the
gate line and the data line, respectively, and a pixel capacitor Cl and a storage
capacitor Cst that ate connected to a drain electrode of the thin film transistor 110.”

Id. at 20:6-12.

54. The data grey level signal compensation portion “divides a grey level data frame
of a picture signal supplied from a data grey level signal source into at least two sub
frames, and outputs to the liquid crystal display panel a compensated grey level data
through an overshoot or undetshoot driving according to comparing a grey level
signal of a previous frame and a gtey level signal of a current frame, thereby making a

tesponse speed of liquid crystal high.” Id. at 40:12-17; see also Figs. 13a and 13b.

55. Lee discloses that the frame memory “can be configured totally with 3 frame
memories, a picture signal input in the current frame is wrote on the first frame
memory 426 at 60Hz, a picture signal wrote 1 frame before is stored in the second
memory 427, and a picture signal wrote 2 frames before is stored in the third

memory 428.” Id. at 32:8-11.
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Claim 1

1. Claim 11Is Anticipated By Lee

56. Claim 1 of the ’843 Patent recites:

1. A driving circuit for driving an LCD panel, the 1.CD panel
comprising:

a plurality of scan lines;
a plurality of data lines; and

a plurality of pixels, each pixel being connected to a corresponding scan
line and a corresponding data line, and each pixel comprising a liquid
crystal device and a switching device connected to the corresponding
scan line, the cotresponding data line, and the liquid crystal device,

the driving circuit comprising: a blur clear converter for receiving frame
data every frame period, each frame data comprising a plurality of pixel
data and each pixel data corresponding to a pixel,

the blur clear converter delaying cutrent frame data to generate delayed
frame data and generating a plurality of overdriven pixel data within
every frame period for each pixel;

a source driver for generating a plurality of data impulses to each pixel
according to the plurality of overdtiven pixel data generated by the blur
clear converter and applying the data impulses to the liquid crystal device
of the pixel via the scan line connected to the pixel within one frame
petiod in ordet to control transmission rate of the liquid crystal device;
and

a gate driver for applying a scan line voltage to the switch device of the
pixel so that the data impulses can be applied to the liquid crystal device
of the pixel.

57. It is my opinion that Lee discloses each and every element of Claim 1 of the

21
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’843 Patent.

58. Lee discloses the scan lines of Claim 1, referting to them as “gate lines.” Lee
discloses a liquid crystal display and driving device. Ex. 1010, at 4:2-3. More
specifically, Lee discloses a liquid crystal display device panel 100 that includes a
plurality of gate lines S1-Sn for supplying scanning signals provided by gate driver
200. Id. at 20:6-7, 35:13-15. Thus, Lee discloses an LCD panel comprising “a plurality

of scan lines,” as requirted by Claim 1.

59. Next, Lee discloses data lines. Lee discloses that the liquid crystal display device
panel 100 includes a plurality of data lines D1-Dm, which transfer data ot picture
signals. Id. at 20:6-7; 35:13-15; Fig. 8. Thus, Lee discloses an L.CD panel comptising

“a plurality of data lines,” as required by Claim 1.

60. Lee discloses that the scan lines and data lines are connected to pixels
Specifically, Lee discloses “[t]egions surrounded by the gate lines and the data lines
each form a pixel.” Id. at 20:8-12; Fig. 8. Each pixel includes “a thin film transistor
110 [switching device], a gate electrode and a source electrode of which are
connected to the gate line and the data line, respectively, and a pixel capacitor Cl and
a storage capacitor Cst [collectively, liquid ctystal device] that are connected to a
drain electrode of the thin film transistor 110.” Id. at 20:9-12. Thus, Lee discloses “a

plurality of pixels, each pixel being connected to a corresponding scan line and 2
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cotresponding data line, and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan line, the corresponding data

line, and the liquid ctystal device,” as required by Claim 1.

61. Lee discloses that the liquid crystal display device includes a data grey level
compensation portion 400 (Le., picture signal compensation circuit) that provides
data for the data driver 300. As shown in Figures 13a and 13b, the data
compensation signal portion 400 includes a frame memory portion 420 (including
first and second frame memories 422 and 424), synthesizer 410, controller 430, data
grey level signal converter 442, and a separator 450. Id. at 26:15 — 28:17. The frame
memory portion 420 stores grey level signals for a plurality of pixels during each
frame period. Id. at 27:1-7. Thus, Lee discloses a “driving circuit comptising: a blur
clear converter for receiving frame data every frame period, each frame data
comprising a plurality of pixel data and each pixel data corresponding to a pixel,” as

required by Claim 1.

62. Lee discloses that the frame memory portion 420 outputs a grey level signal of
a previous frame to the data grey level signal converter 442, or outputs a grey level
signal of a cutrent frame and a grey level signal of a previous frame already stored to
the data grey level signal converter 442. Id. at 27:1-7. As shown in Fig. 13a, “when
the grey level signal Gn of the current frame and the grey level signal Gn-1 of the

previous frame output from the frame memory portion 420...the first compensated
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orey level signal Gnt’ is output in the first sub frame (+)...and the second
compensated grey level signal Gn-* is output in the second sub frame (-).” Id at

28:19 — 29:4.

63. Lee discloses that “the first compensated grey level signal is an overshoot
compensated grey level signal . . . [if] the grey level signal of the current frame [is]
greater than the grey level signal of the previous frame, and is an undershoot
compensated grey level signal . . . [if] the grey level signal of the cutrent frame [is]
less than the grey level signal of the previous frame.” Id. at 29:5-9 (emphases added).
As shown in Figure 12 below, “an overshoot driving is conducted in a fitst sub frame
n+ out of the divided picture frame, and a driving with the overshot value rolled
back to an originally desired target value is conducted in a second sub frame n-" Id.

at 25:10-13.

Transmission

A |
|
| /7
-
|
|
|
)
|
|
|
|
|
I
|
|
|
|
| -

n-1* n-1- ntit n+t1” | Frame

Ex. 1010, Lee, Fig. 12.
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64. 'The ’843 Patent defines overdriving as “applying a higher or a lower data
impulse to the pixel electrode to accelerate the reaction speed of the liquid crystal
molecules, so that the pixel can reach the predetermined gray level in a
predetermined frame period.” Ex. 1001, ‘843 Patent, 2:3-7 (emphases added).
Thus, the “overshoot” and “roll back,” occurting respectively in the first and second
sub-frames constitute a plurality of overdriven impulses within a single frame. Lee
therefore discloses “the blur clear converter delaying current frame data to generate
delayed frame data and generating a plurality of overdriven pixel data within every

frame period for each pixel,” of Claim 1.

65. Lee discloses a data driver portion 300 that converts the compensated grey
level signal (received from data grey level signal compensation portion 400) “into the
corresponding grey level voltage (data voltage) and applies the voltage to the data
line.” Ex. 1010, at 21:5-6. Thus, Lee discloses a “soutrce driver for generating a
plurality of data impulses to each pixel according to the plurality of overdsiven pixel
data generated by the blur clear converter and applying the data impulses to the
liquid crystal device of the pixel via the scan line connected to the pixel within one
frame period in order to control transmission rate of the liquid crystal device,” as

required by Claim 1.

66. Lee discloses a gate driver 200 for supplying scanning signals to the gate lines

of the liquid crystal display panel. See id. at 20:2-8; 20:13-15. Thus, Lee discloses “a
25
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gate driver for applying a scan line voltage to the switch device of the pixel so that
the data impulses can be applied to the liquid crystal device of the pixel,” as required

by Claim 1.
67. 'Thus, Lee discloses all of the limitations of Claim 1 of the *843 Patent.

2 Claim 4 Is Anticipated By Lee

Claim 4
68. Claim 4 of the ’843 Patent recites:

4. A method for driving a liquid crystal display (LCD) panel, the 1.CD
panel comprising:

a plurality of scan lines;
a plurality of data lines; and

a plurality of pixels, each pixel being connected to a corresponding scan
line and a corresponding data line, and each pixel comprising a liquid
crystal device and a switching device connected to the corresponding
scan line, the corresponding data line, and the liquid crystal device, and

the method comptising: receiving continuously a plurality of frame data;

generating a plurality of data impulses for each pixel within every frame
petiod according to the frame data; and

applying the data impulses to the liquid crystal device of one of the
pixels within one frame petiod via the data line connected to the pixel in
order to control a transmission rate of the liquid crystal device of the
pixel.

69. Lee discloses each and every element of Claim 4 of the ’843 Patent. Claim 4

recites nearly identical functionality to that of the apparatus in Claim 1, with the
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exception of “overdtiving,” which is required by Claim 1 but not Claim 4. As a

result, the disclosure identified in Lee above meets all limitations of Claim 4.

70. For example, Lee Figure 8 (and accompanying disclosure) meets the “plurality
of scan line,” “plurality of data line,” “and plurality of pixel” limitations of Claim 4.
Lee also discloses “receiving continuously a plurality of frame data,” via the frame
memoties of the data grey level signal compensation portion 8, which also
“generatles] a plurality of impulses for each pixel within every frame period
according to the frame data.” These pulses are then applied by the data driver 300
(i.e., soutce driver) to the liquid crystal display device of the pixels (i.e., capacitors Cl
and Cst) to “control the transmission rate of the liquid crystal display device,” per
Figure 12, which depicts a plurality of data impulses within a single frame period (Le.,

a faster frame rate).

71.  'Thus, Lee discloses all of the limitations of Claim 4 of the ’843 Patent.

3. Claim 8 Is Anticipated By Lee
Claim 8

72.  Claim 8 of the ’843 Patent recites:

8. The method of claim 4 further comprising:

applying a scan line voltage to the switch device of the pixel via the scan
line connected to the pixel in order to have the data impulses be applied
to the liquid crystal device of the pixel.
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73. Lee discloses each and evety element of claim 8. As discussed above, Lee
discloses “a gate driver portion that supplies scanning signals sequentially.” Id. at
35:14. Lee discloses that each pixel includes a gate electrode “connected to the gate
line.” Id. at 20:14-15. Thus, Lee discloses the step of “applying a scan line voltage to
the switch device of the pixel via the scan line connected to the pixel in order to have

the data impulses be applied to the liquid crystal device of the pixel,” of Claim 8.

74, Thus, Lee discloses all of the limitations of Claim 8 of the ’843 Patent.

4., Claim 9 Is Anticipated By Lee

Claim 9

75.  Claim 9 of the 843 Patent recites:

9. The method of claim 4 wherein each frame data comprises a plurality
of pixel data, and each pixel data cotresponds to a pixel.

76.  Lee discloses each and every element of Claim 9. As discussed above, Lee
discloses a frame memory portion 420 that stores grey level signals for a plurality of
pixels during each frame period, and outputs a grey level signal of a previous or
current frame. Id. at 27:1-7. Thus, Lee discloses “each frame data comprisfing] a
plurality of pixel data, and each pixel data correspond|ing] to a pixel,” as required by

Claim 9.

77. Thus, Lee discloses all of the limitations of Claim 9 of the ’843 Patent.
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B. U.S. Patent Application Publication No. 2002/0044115 (“Jinda™)
And Japanese Laid Open Application Publication JPH0662355A

(“Miyai”)
78. I understand that Jinda was published on April 18, 2002 and is prior art to the
’843 Patent under pre-AIA 35 US.C. § 102(b). Jinda was cited by the Applicant
during prosecution of the ’843 Patent, but was not referred to or discussed by the
Examiner. As discussed below, the EPO found that Jinda anticipated virtually

identical claims to those in question here, but the Applicant never told the USPTO

about the EPO’s findings.

79. Like the ’843 Patent, Jinda discloses a method for “improving the response
characteristic of liquid crystals and further improving the display quality of dynamic
images” in “matrix type” liquid crystal displays. Ex. 1008, Jinda, § [0007], see also g
[0002]. For example, Jinda incorporates Japanese Laid Open Application Publication
JPHO0662355A  (“Miya”) by reference, and identifies various issues with

“conventional” LCDs, including the LCD disclosed in Miyai.

80. Miyai, which T understand was published on March 4, 1994 and is prior art to
the ’843 Patent under pre-ATA 35 U.S.C. § 102(b), discloses a conventional LCD
panel that includes a matrix of pixels, each of which includes a liquid crystal device
and a switching device. Ex. 1009, Miyai, § [0003], Fig. 3(a). Each switching device is
connected to a gate (or scan) line and a data line. Id. Given the commonality of the

components, it is unsutptising that the LCD panel of Miyai (below, left) is identical
29
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to that of the ’843 Patent (below, right):
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81. The “conventional liquid crystal panel” referenced in Jinda (and discussed in
greater detail in Miyai) includes a matrix of pixels 2, each of which includes a liquid
crystal device 2 and a switching device 1 (i.e., a TFT). Ex. 1009, English Translation §
[0003]. The switching device is connected to a gate line and a data line. This
arrangement is shown in Figure 3(a) of the incorporated Miyai reference, which is

reproduced and annotated below:
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82. Jinda discloses the same two techniques as the ’843 Patent for improving image
quality of a conventional LCD panel (e.g., the LCD Panel of Miyai), namely, (1)

overdtiving the signal data; and (2) increasing the refresh rate of the pixels.

83. Jinda discloses a circuit for teceiving an input image signal comprising multiple
frames of video. Ex. 1008, Jinda,  [0036], Fig. 1. Frame data is sequentially written
into one of the first, second, or third frame memorties, as shown in Figure 1 below. I4.
9 [0036]. At any given point in time, one frame memory will contain the current frame
data, a second will contain the previous frame data, and a third is available to receive

new frame data. Id. 9 [0037]-[0038], Figs. 1-3.
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Fig.1
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84. “Arithmetic unit 4” retrieves data from the frame memory (1, 2, or 3) and
compares the “data value of the previous image signal and the data value of the
current image signal” to output overdriven pixel data. Id. § [0039]. In this regard,
Jinda explains: (a) “a data value of a value greater than the data value of the current
image signal is written when the data value of the current image signal is greater than
the data value of the previous image signal”; and (b) “a data value of a value smaller
that the data value of the current image signal is written when the data value of the
current image signal is smaller than the data value is smaller than the data value of the
previous image signal” Id. In other words, the output data for a given frame is

overdriven based on the prior frame’s image signal.

85. 'This is illustrated in the look-up table of I'igure 4 of Jinda (reproduced below).
When the data value of the previous image signal is 20 and the data value of the
current image signal is 10, a lower (overdriven) signal value of 8 will be outputted. By
contrast, when the data value of the previous image signal is 10 and the data value of
the current image signal is 20, a higher (overdriven) signal value of 22 will be

outputted. According to Jinda, this overdriving technique is necessary to “to make
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the liquid crystals have a rapid response.” I4. q [0006].

Fig.4 DATA VALUE OF
PREVIOUS IMAGE SIGNAL
10 [ 20 | 30 | 40 | 50 | 60
10fw]8|6|4|[2]0
20|22]|20|1B|16]14]12

DATA VALUE

|SEG%UF§E3EML 30|34 [32(30|285(26]24
40 | 46 | 44 | 42 | 40 | 33 | 36
50 | 58| 56 | 54| 52| 50| 48
60 | 70 | 68 | 66 | 64 | 62 | 60

86. In addition, Jinda teaches applying the overdtiven image data to each pixel a
“plurality of times within one vertical synchronization interval” (ie., within one
frame period). See, e.g., #d. § [0010]; see also 4| [0041]-[0042]. Jinda explains “that the
repetitive input of the data value (b) is effective for the improvement of the rise of
the light transmittance (c) of the [LCD] device,” which reduces blurting and increases
image quality. Id. 9 [0042]; see also §] [0046]). In one embodiment, the transmission rate
of the LCD input data is doubled (I4. § [0041], Fig. 5), while, in another embodiment,
the transmission rate of the LCD input data is tripled (I 9 [0067], Fig. 16). This
enables “achievement of high-speed image display and the improvement of the

dynamic image display quality.” Id. [ [0045].

87. Tigure 5 of Jinda shows the application of two overdriven data impulses in each

frame period. Figure 5 of Jinda is noticeably indistinguishable from Figure 6 of the
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’843 Patent.

1. Jinda, Either Alone Or In Combination With Miyai,
Discloses All Elements Of Claim 1

Claim 1

88. Claim 1 of the ’843 Patent recites:

1. A driving circuit for driving an LCD panel, the LCD panel
comprising:

a plurality of scan lines;
a plurality of data lines; and

a plurality of pixels, each pixel being connected to a corresponding scan
line and a corresponding data line, and each pixel comprising a liquid
crystal device and a switching device connected to the corresponding
scan line, the cotresponding data line, and the liquid crystal device,

the driving circuit comptising: a blur clear converter for receiving frame
data every frame period, each frame data comprising a plurality of pixel
data and each pixel data corresponding to a pixel,

the blur clear converter delaying current frame data to generate delayed
frame data and generating a plurality of overdriven pixel data within
every frame period for each pixel;

a source driver for generating a plurality of data impulses to each pixel
according to the plurality of overdtiven pixel data generated by the blur
clear converter and applying the data impulses to the liquid crystal device
of the pixel via the scan line connected to the pixel within one frame
petiod in ordet to control transmission rate of the liquid crystal device;
and

a gate driver for applying a scan line voltage to the switch device of the
pixel so that the data impulses can be applied to the liquid crystal device
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of the pixel.

89. It is my opinion that Jinda, either alone or in combination with Miyai, discloses

each and every element of Claim 1.

90. Jinda discloses a driving circuit for a liquid crystal display device. Ex. 1008,
[0019]; Fig. 1. Jinda incotporates by reference the disclosure of Miyai, which
discloses a liquid ctystal panel 2, including scan lines provided by a gate driver 5,

which is shown in annotated Figure 3a below:

vimAl L4 soyrce driver

T 3
| [ _,U

‘,‘r_i—:-—“' Data line

: F Lz

: & F: o ‘I =

6 = ‘\ \\"\
. \'\ Pixe‘
Gate driver Scanline

Miyai, Fig. 3a. See also Ex. 1009, Miyai Trans, 3. Though only one pixel, scan line,
and data line are expressly depicted in Figure 3a, in order for the I.CD to function
propetly as a display device, the panel would necessarily have included a pixel array,
including a plurality of scan and data lines. Thus, Miyai inherently discloses an LCD

panel comptising “a plurality of scan lines,” as required by Claim 1.

91. Miyai discloses a liquid ctystal display including a plurality of data lines. Jinda
35
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incorporates Miyai by reference, which discloses data lines provided by source driver
3. Ex. 1009, Miyai, Fig. 3a. Though only a single line is expressly depicted in Miyai,
Figure 3a, the panel would necessarily have included a pixel array, including a
plurality of scan and data lines. Thus, Miyai inherently discloses an LCD panel

comptising “a plurality of data lines,” as required by Claim 1.

92. Miyai discloses a pixel intersecting the scan and data lines, and including a
switching element (thin-film transistor) and liquid crystal device. See Ex. 1009, Miyai,
Fig. 3a. Though only a single pixel is expressly depicted in Miyai, Figure 3a, the panel
would necessarily have included a pixel atray. Thus, Miyai inherently discloses “a
plurality of pixels, each pixel being connected to a corresponding scan line and a
cotresponding data line, and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan line, the corresponding data

line, and the liquid crystal device,” as required by Claim 1.

93. Jinda discloses a “dtive circuit for materializing the liquid crystal display
device,” in which “[d]igital image signals R, G and B of pixels sequentially read from
video equipment or the like are inputted as input image signals to a first frame
memory 1, a second frame memory 2 and a third frame memory 3.” Hx. 1008, Jinda,
9 [0036]. Thus, Jinda discloses a “dtiving circuit comptising: a blur clear converter for
receiving frame data every frame petiod, each frame data comprising a plurality of

pixel data and each pixel data corresponding to a pixel,” as required by Claim 1.
36
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94. As noted above, the 843 Patent defines overdriving as “applying a higher or
a lower data impulse to the pixel electrode to accelerate the reaction speed of the
liquid crystal molecules, so that the pixel can reach the predetermined gray level
in a predetermined frame period.” Ex. 1001, ‘843 Patent, 2:3-7 (emphases added).
As explained, this essentally means that the system determines a higher (ot lower)
data value that the actual desired gray level in order to push (or pull) the system to
the actual desired gray level faster. In this vein, Jinda discloses an “arithmetic unit 4,
which has a look-up table, refets to the look-up table on the basis of the data values
(voltage values) of the image signals inputted from the two frame memoties and
transfers an illnage signal constituted of the obtained data value (voltage value) to a
liquid crystal display device 5.7 Id. at  [0038]. The look-up table in Figure 4 of Jinda
(below) shows the determination of the higher or lower (i.e., overdriven) pixel data.
Id. at 9 [0038]. The data values for the current and previous signals are compated
and the data value is determined as follows: When the data value of the previous
image signal is 20 and the data value of the current image signal is 10, a lower
(overdriven) signal value of 8 will be outputted. By contrast, when the data value of
the previous image signal is 10 and the data value of the current image signal is 20, a
higher (ovetdriven) signal value of 22 will be outputted. According to Jinda, this
overdriving technique is necessary to “to make the liquid crystals have a rapid

response.” Id. 9| [0006].
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Fig.4 DATA VALUE OF
PREVIOUS IMAGE SIGNAL
10 ] 20 [20 [ 40 [ 50 [ 60
0w]s]elala]o
20 [22|20[w8[w]1]n

DATA VALUE

OF CURRENT | 30 | 34 [ 2 | 30 [ 26 | 26 [ 24
40|46 4a]a2]a0 383
50 [ 58| 56 | 545250/ 48
60 | 70 | 68 | 66 | 64 | 62 | 60

95. Jinda continues: “It is to be noted that the voltage of the data value is applied
to the pixel electrode (not shown) of the desired pixel by the image signal thus
transferred to the liquid crystal display device 5 although no detailed description is
provided. Then, the otientation of the liquid crystal molecules is changed by the
applied voltage to change the light transmittance, displaying the pixel.” Id. at § [0038].
Thus, Jinda discloses “the blur clear converter delaying current frame data to
generate delayed frame data and generating a plurality of overdriven pixel data within

every frame petiod for each pixel,” as required by Claim 1.

96. Jinda discloses “driving a liquid ctystal display device by supplying image data
to be written into each pixel of the liquid ctystal display device to the liquid crystal
display device a plurality of times in one vertical synchronization interval.” [d. at
[0008]. Thus, Jinda discloses a “soutrce driver for generating a plurality of data

impulses to each pixel according to the plurality of overdriven pixel data generated by
38
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the blur clear converter and applying the data impulses to the liquid crystal device of
the pixel via the scan line connected to the pixel within one frame period in otdet to

control transmission rate of the liquid crystal device,” as required by Claim 1.

97. 'The drive circuit of Jinda inherently includes a gate driver for applying a scan
line voltage to the switch device of the pixel so that the data impulses can be applied
to the liquid crystal device of the pixel. For the LCD in Jinda to operate, the pixel
data must be applied to the pixels, which is done through data impulses. [d.
Therefore, in order for the L.CD in Jinda to operate, it must inherently disclose a gate
driver for applying the data impulses. Id. Motreover, Miyai, Figure 3a, discloses a gate
driver 5 for supplying a scan line to each pixel. Thus, Jinda and Miyai both disclose
“a gate driver for applying a scan line voltage to the switch device of the pixel so that
the data impulses can be applied to the liquid crystal device of the pixel,” as required

by Claim 1.

98. Thus, Jinda in view of Miyai disclose all of the limitations of Claim 1 of the

843 Patent.

Z Jinda, Either Alone Or In Combination With Miyai,
Discloses All Elements Of Claim 4

Claim 4

99. Claim 4 of the ’843 Patent recites:
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4. A method for driving a liquid ctystal display (LCD) panel, the LCD
panel comprising:

a plurality of scan lines;
a plurality of data lines; and

a plurality of pixels, each pixel being connected to a cotresponding scan
line and a corresponding data line, and each pixel comprising a liquid
crystal device and a switching device connected to the cortesponding
scan line, the corresponding data line, and the liquid crystal device, and

the method comprising: receiving continuously a plurality of frame data;

generating a plurality of data impulses for each pixel within every frame
petiod according to the frame data; and

applying the data impulses to the liquid crystal device of one of the
pixels within one frame petiod via the data line connected to the pixel in
otdet to control a transmission rate of the liquid crystal device of the
pixel.

100. Jinda and Miyai disclose each and every element of Claim 4 of the "843 Patent.
As noted above, Claim 4 recites nearly identical functionality to that of the apparatus
in Claim 1, with the exception of “overdtriving,” which is required by Claim 1 but not
Claim 4. As a tesult, the disclosure identified in Jinda and Miyai above meets all

limitations of Claim 4 of the ’843 Patent.

3. Jinda, Either Alone Or In Combination With Miyai,
Discloses All Elements Of Claim 8

Claim 8

101. Claim 8 of the ’843 Patent recites:

8. The method of claim 4 further comprising:
40
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applying a scan line voltage to the switch device of the pixel via the scan
line connected to the pixel in ordet to have the data impulses be applied
to the liquid crystal device of the pixel.

102. Jinda and Miyai disclose each and every element of Claim 8. As discussed
above, Jinda inherently discloses a gate driver for applying scan line voltages. For the
LCD in Jinda to operate, the pixel data must be applied to the pixels, which is done
through data impulses. Id. Thetefore, in order for the LCD in Jinda to operate, it
must inherently disclose a gate dtiver for applying the data impulses. I4. Moreovet,
Miyai, Figute 3a, discloses a gate driver 5 for supplying a scan line to each pixel.
Thus, Jinda and Miyai disclose the step of “applying a scan line voltage to the switch
device of the pixel via the scan line connected to the pixel in order to have the data

impulses be applied to the liquid crystal device of the pixel,” as required by Claim 8.

103. Thus, Jinda in view of Miyai disclose all of the limitations of Claim 8 of the

843 Patent.

4, Jinda, Either Alone Or In Combination With Miyai,
Discloses All Elements Of Claim 9

Claim 9

104. Claim 9 of the ’843 Patent tecites:

9. The method of claim 4 whetein each frame data comprises a plurality
of pixel data, and each pixel data corresponds to a pixel.

105. Jinda discloses each and every element of claim 9. Jinda discloses a system for
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generating overdrive frame data for multiple “pixels,” for example “R, G and B of
pixels sequentially read from video equipment or the like.” Ex. 1008, Jinda,
[0036]frame. Thus, Jinda discloses “each frame data compris[ing] a plurality of pixel

data, and each pixel data correspond[ing] to a pixel,” as required by Claim 9.

106. 'Thus, Jinda discloses al of the limitations of Claim 9 of the ’843 Patent.

5. Motivation to Combine Jinda and Miyai

107. As discussed above, Miyai is discussed in the background section of Jinda. (Ex.
1002, Jinda, §§ [0004], [0006]). Specifically, Jinda identifies various shortcomings of
the LCD display of Miyai, upon which it seeks to improve. Accordingly, Jinda
expressly teaches one of ordinary skill the art to combine the disclosed dtiving
circuit with the LCD panel of Miyai. In addition, one of ordinary skill in the art
would have been motivated to combine the teachings of Jinda and Miyai because
both references focused on the exact same problem — improving the image quality of
LCD displays and, more particulatly, improving the response time of the display.
Jinda discloses that “the object of the present invention is to provide a liquid
crystal display device driving method capable of improving the response
characteristic of liquid crystals and further improving the display quality . . . .” Ex.
1008, Jinda, § [0007]. Similarly, Miyai discloses that “an object [of the invention] is
to improve responsiveness and achieve an improvement in image quality . . . in the

driving circuit of display elements with slow response speed, such as liquid crystal
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panels.” Ex. 1009, Miyai,  [0006].

108. More than just trying to solve the same problem, Jinda purports to improve on
the very system disclosed in Miyai (and other prior art LCDs). Jinda did not disclose
a complete LCD on its own, but plainly putports to teach an improvement for
LCDs. It is even in the title of the publication. Ex. 1008, Jinda, § [Cover (54)]
(“Liquid Crystal Display Device Driving Method”). Therefore, one of ordinary skill
in the art would have started with the disclosutre of an LCD — most likely one of the
LCDs referenced in Jinda — and then applied the teachings of Jinda to that structure.

1d,

6. Jinda Discloses All Elements Of Claims 1, 4, 8, and 9

109. Jinda discloses each and every element of Claims 1, 4, 8, and 9 of the "843

Patent as T demonstrated above and explain in more detail below.

110. Jinda discloses a “liquid crystal display that employs a matrix type liquid crystal
display device . . . [for] commercial fields [such] as a display device for a television set

.. Ex. 1008, at  [0002]. A liquid crystal display employing a matrix type liquid
crystal display device necessarily includes an array of pixels, each connected to a scan
line and data line, with each pixel connected to TFT or switching device. In order for
the liquid crystal to function propetly as a display device, the LCD would necessatily

have included a pixel atrray, including a plurality of scan lines, data lines, pixels, and
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TFTs. Thus, Jinda inherently discloses “[a] dtriving circuit for driving an LCD panel,
the LCD panel comprising: a plurality of scan lines; a plurality of data lines; a plurality
of pixels, each pixel being connected to a corresponding scan line and a
cotresponding data line, and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan line, the corresponding data

line, and the liquid crystal device,” as required by Claim 1.

111. As discussed above, Jinda discloses “the blur clear converter delaying current
frame data to generate delayed frame data and generating a plurality of overdriven
pixel data within every frame petriod for each pixel,” as required by Claim 1. See Ex.

1008, at 9 [0038]; see also id. at ] [0067].

112. As discussed above, Jinda also discloses a “soutce driver for generating a
plurality of data impulses to each pixel according to the plurality of overdriven pixel
data generated by the blur clear converter and applying the data impulses to the
liquid crystal device of the pixel via the scan line connected to the pixel within one
frame period in ordet to control transmission rate of the liquid crystal device,” as

required by Claim 1. See Ex. 1008, at § [0008]

113. The drive circuit of Jinda inhetently includes a gate driver for applying a scan
line voltage to the switch device of the pixel so that the data impulses can be applied

to the liquid crystal device of the pixel. For the LCD in Jinda to operate, the pixel

44

LGD_000650
IPR2015-00885
Exhibit 2007
Page 341 of 374



Declaration of Richard Zech, Ph.D.

data must be applied to the pixels, which is done through data impulses. Id
Therefore, in order for the LCD in Jinda to opetate, it must inhetently disclose a gate
driver for applying the data impulses. Id Thus, Jinda discloses “a gate driver for
applying a scan line voltage to the switch device of the pixel so that the data impulses

can be applied to the liquid crystal device of the pixel,” as required by Claim 1.

114. 'Thus, Jinda discloses all of the limitations of Claim 1 of the ’843 Patent.

115. Jinda discloses each and every element of Claim 4 of the ’843 Patent. As noted
above, Claim 4 recites neatly identical functionality to that of the apparatus in Claim
1, with the exception of “overdtiving,” which is required by Claim 1 but not Claim 4.
As a result, the disclosure identified in Jinda above meets all limitations of Claim 4 of

the ’843 Patent.

116. Jinda disclose each and evety element of Claim 8. As discussed above, Jinda
inherently discloses a gate dtiver for applying scan line voltages. For the LCD in
Jinda to operate, the pixel data must be applied to the pixels, which is done through
data impulses. Id. Therefore, in order for the LCD in Jinda to operate, it must
inherently disclose a gate driver for applying the data impulses. [4 Thus, Jinda
discloses the step of “applying a scan line voltage to the switch device of the pixel
via the scan line connected to the pixel in otdet to have the data impulses be applied

to the liquid crystal device of the pixel,” as required by Claim 8.
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117. Jinda discloses each and every element of claim 9. Jinda discloses a system for
generating overdrive frame data for multiple “pixels,” for example “R, G and B of
pixels sequentially tead from video equipment or the like.” Ex. 1008, Jinda, § {0036].
Thus, Jinda discloses “each frame data comptis|ing] a plurality of pixel data, and each

pixel data correspond[ing] to a pixel,” as required by Claim 9.

7. All Elements Of Claims 1, 4, 8, and 9 are Obvious Over Jinda

118. Claims 1, 4, 8, and 9 of the ’843 Patent ate obvious over Jinda.

119. At the time of the ’843 Patent, it was well-known to those of skill in the art that
liquid crystal displays employing a matrix type liquid crystal display would include an
array of pixels, each connected to a scan line and data line, with each pixel connected
to TFT ot switching device. Based on the disclosure in Jinda of a matrix type 1.CD, it
would have been obvious to one of skill in the art to apply the well-known LCD
elements of a pixel atray, including a plurality of scan lines, data lines, pixels, and
TFTs to the L.CD device of Jinda. Id; see also Ex. 1008, at § [0002]. Furthermore, in
order for the LCD device of Jinda to function propetly as a display device, one of

skill in the art would have known that the LCD device comprised a pixel array.

120. At the time of the ’843 Patent, one of skill in the art would also have known
that gate drivers wete used in LCD devices for applying scanning signals to switching

devices (TFTSs) of the pixels. Thus, it would have been obvious to one of skill in the
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art to include a gate driver in the display device of Jinda for applying a scan line
voltage to the switch device of the pixel so that the data impulses can be applied to
the liquid crystal device of the pixel. Id. One of skill in the art would have known
that, for the LCD in Jinda to opetate, the pixel data must be applied to the pixels,
which is done through data impulses. I4. Thetefore, in order for the LCD 1 Jinda to
opetate, one of skill in the att would have applied a gate driver to the device of Jinda

for applying the data impulses. I4.

121. Thus, Claims 1, 4, 8, and 9 of the ’843 Patent are obvious over Jinda.
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V. SUPPLEMENTATION
122. This declaration, along with the attached appendices, is based on my present

assessment of material and information currently available to me.

123, T hereby declate that all statements made herein of my own knowledge ate true
and that all statements made herein on information and belief are believed to be true.
Further, these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine, imprisonment, or both, under Section
1001 of Title 18 of the United States Code, and that such willful false statements may

jeopatdize the validity of the above-identified patent.

Dated: 03//5 /2018 Respectfully submitted,

B%@L'ct\fuo\ G-L‘%—c,ﬁ\;/gl.d .

Declaration of Richard Zech, Ph.D.
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Richard G. Zech, Ph.D.
Curriculum Vitae

Professional Summary

Dr. Dick Zech has nearly 50 years of optical data storage, novel computer storage technologies, and
photonics experience (including holography, flat panel displays and digital image processing and
cameras). His academic focus was on modern optics, electromagnetic theory, communications and
information theory, and advanced mathematics. Starting in 1965 at the University of Michigan, Dr. Zech
began a lifetime of research and development in the highly specialized areas of optical data and image
storage, processing/computing, and communications and image-capture and display. He studied under E.
N. Leith, A. Kozma, A. Vander Lugt, and Dennis Gabor (1971 Nobel laureate in physics), leading
modern optical sciences pioneers. Dr. Zech is a well-known expert in the field of advanced data storage,
holography, photonics, digital image capture and processing, and small computer systems.

Dr. Zech’s main areas of interest are optical storage (CD, DVD, and Blu-ray/Blue-laser-disc formats), 3D
holographic memories, lasers, flat panel displays, digital imaging/cameras, renewable energy, fiber optics,
LEDs, materials science, nanotechnology, control and processing of light beams, and photonic
components and their integration into fully functional systems. He has significant engineering, product
and business development, and sales & marketing management experience. Finally, he has been a
consultant for over 25 years and an expert witness for over 23 years.

Dr. Zech opened a test and forensics lab in October 2004. The lab is focused on test and evaluation of
CD/DVD, Blu-ray Disc, other optical storage, flat panel displays, digital imaging/cameras, small
computer systems, and related storage and consumer electronics products. The capabilities of the lab
have been successfully used for patent infringement and class action litigations.

Areas of Expertise

= CCD and CMOS Image Sensors »  Lasers and Laser Technology
= CD, DVD, and Blu-ray Technologies, * LEDs
Processes and Engineering = Materials Science
»  Computer Storage (magnetic optical, and = Nanotech/MEMS
semiconductor) =

Optical Data Storage (specializing in
= Consumer Electronic Products read/write channel, storage media,

»  Digital Imaging and Cameras read/write heads, and applications)

*  Document Management Systems = Opto-Electronic/Electro-Optical Systems

*  Flat Panel Displays and TVs ®=  Photonic Components & Technology

= Rewritable Optical Drives and Media

= Fiber Optic/Optical Communications i
Technologies

» Holographic Optical Elements (HOEs)

o = Solar Energy/Photovoltaics
»  Holographic Displays

. . ®  Video Data Storage and Transmission
®  Holographic Memories
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Education
Year College or University Degree
1974 University of Michigan Ph.D. (EE; computer science and photonics
minors)
1966  University of Michigan M.S.E.E.
1965  Lawrence Institute of Technology B.S.E.E.

* Post graduate studies in computer science, optical communications, electronics, optical systems
design, and infrared technology and systems.

» Career advancement and MBA courses (off campus) in general management (Harvard University),
international marketing (Columbia University), advanced financial analysis, managing interpersonal
relationships, and product development.

Professional Experience

From: 1992

To: Present

Organization:  The ADVanced ENTerprises (ADVENT) Group

Title: President, Managing Principal

Summary: The ADVENT Group provides forensic consumer electronics test & evaluation, market

research, product development, R&D/engineering, and technology assessment services
in the areas of optical/computer storage, holography, flat panel displays, digital
cameras, nanotechnology/MEMS, and photonics. Main areas of expertise include
photonics-enabled information storage/processing/display, new and evolving
technologies, and consumer electronics technologies. Examples include:

* CD, DVD, and Blu-ray and other rewritable optical drive and media technologies
and optical storage-enabled applications.

»  Consumer electronics products such as flat panel displays, digital cameras and
imaging, and small computer systems and components.

= New and evolving technologies such as LEDs, solar energy, and nanotechnology.

Clients range from new ventures to Fortune 500 giants. Extensive contacts with major
Asian companies provide early access to new technologies and leading edge
components.

Expert witness/technology consultant to law firms; primarily, patent infringement and
validity, class action, and breach of contract litigation (1990 to present).

Served as CIO/MIS Director for a financial services company from 19995-2000.

== e e ———————
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From: 1988

To: 1991

Organization:  Independent Consultant, Temporary Executive
Summary:

1991 Vice President Engineering, Optimem, Inc.

1990 President & COO, New Interfile Corporation

1989 Vice President Strategic Planning, Optimem, Inc.
1989 Vice President Marketing & Sales, LaserDrive, Ltd.
1988 Vice President Marketing & Sales, Optimem, Inc.
From: 1987

To: 1988

Organization:  Rothchild Consultants, Inc.

Title: Senior Industry Analyst

Summary: = Responsible for new business development and functioned as chief technology

expert for optical and magnetic storage and computer information systems.

» Provided new product development, technology transfer, market research,
forecasting, and manufacturing strategy support to both domestic and international
clients.

=  Met 1-year contract goals of tripling sales and profits and diversifying product line.

From: 1985

To: 1986

Organization:  Rugged Optical Storage Systems

Title: President

Summary: Responsible for the general management and principal founder of a new venture to

develop and manufacture high-performance, high-reliability 2" and 3.5" form factor,
fixed-erasable optical disk drives for military, factory floor/industrial, and portable
computer markets. Advanced engineering and design features included a two-laser
optical head, a sub-20 ms track accessing mechanism, and an optical media hypervisor
subsystem (MEAD: Media Error Analysis and Detection). An innovative subsystem
architecture featured the optical drive and its controller mounted on the same PC board
and packaged in a removable, secure metal enclosure (an industry first).

From: 1984

To: 1985

Organization:  Information Storage, Inc. (ISi)

Title Vice President, Marketing & Sales

Summary: = Responsible for all elements of marketing and sales for the world's first 5.25"

optical disk drive startup.

=Sa———————————— = e LSS e ]
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From:

To:
Organization:
Title:
Summary:

From:
To:
Organization:

= ———————————————————————————— = sl ESS SREe S e e

Developed prospect base and made sales presentations to all major computer and
office automation OEMs, system integrators, computer chains, and distributors in
the US and Europe.

Created a complete product line of systems and services, including ISiDOS (the
world's first integrated optical I/O driver and file manager).

Positioned ISi as the number one OEM manufacturer of optical storage products
for small computer systems through a multi-media PR campaign based on direct
mailings, telemarketing, trade shows, magazine articles, advertising, and symposia.

Recruited and trained an international sales force. Sold over 200 evaluation
systems at $5,000 each to major prospects to finance the transition to
manufacturing, and developed an OEM book of business with an estimated 18-
month revenue potential of over $20M.

Reported to the President and CEO; member of the Executive Committee.

1979

1984

McGraw-Hill, Inc. (Information Systems Company)

Vice President for Technology, Business Systems, and Manufacturing

Responsible for new technology (including electronic editing, CD-ROM
publishing, and advanced networking for on-line services), computer systems and
applications software development, manufacturing operations, technology transfer,
strategic planning, and electronically-delivered product development for a $350-
million business unit of McGraw-Hill, Inc. Primary corporate mission as functional
chief technology officer was to design and build a 21st-century computer and
communications architecture.

Controlled over $80M of operating expenses through budget/expenditure review
and approval.

Managed a staff of 15 senior information system professionals and 20 applications
programmers.

Created the strategic business plan for a market focus organizational structure to
rationalize product lines.

Introduced office automation and microcomputer systems to all business units.

Automated the production operations of the major divisions, resulting in
annualized cost savings of over $8M and the ability to market competitive
electronic information products.

Reported to the President; member of Executive and Operations Committees; Chair
of the Corporate Technology, Product Assurance, and Project Evaluation
Committees.

1978
1979
TRW Space and Defense Systems Group

LGD_000659
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Title: Director, Business Development/Product Line Manager

Summary: = Responsible for the marketing/sales and technology/product development for the
optical processing systems product line (C’I and ECM applications) comprised of
acousto-optic Bragg-cell spectrum analyzers, time and space integrating
correlators, and ultra-wideband scanner and recorder systems.

s Marketed programs to defense and intelligence agencies, including CIA, DIA,
Hanscomb AFB, MIRADCOM, NASA, NSA, NWL, RADC, and WPAFB.

=  Formulated 1-year and 5-year business plans. Initiated marketing efforts that lead
to $3M in new business in less than one year, including a classified agency
program for an optical drum memory system with 1 TB capacity and a 1 Gbps data
rate.

» Managed eight senior scientists and engineers and two marketing specialist.

= Reported to the Division VP/General Manager.

From: 1969

To: 1978

Organization: ~ Harris Corporation, Government Systems Sector, Electro-Optics Division

Title: Research Manager/Principal Engineer

Summary: = Responsible for R&D and advanced programs/product development in the areas of

optical/electronic data recording, processing, storage, and communications using
state-of-the-art electronic and laser systems (high-density disk storage, holographic
memories, wideband data acquisition and processing, optical computers, and fiber
optics).

»  Held assignments in research and systems (de facto corporate R&D manager),
program management, and marketing. Marketed R&D and systems development
programs to DoD, NASA, and other Federal government agencies.

» Developed the technology and sold to NASA the world's largest optical mass
storage program (for archiving LandSAT and other remote sensing data; a 1,000
terabyte system with a potential contract value of over $150M).

» Finished all managed programs successfully on schedule and on/under budget for 9
years.

=  Managed 15 engineers, scientists, and programmers.

From: 1967

To: 1969

Organization: ~ McDonnell Douglas Corporation, Electronic Systems (Conductron) Division

Title: Section Head/Research Manager

Summary: = Responsible for R&D and business acquisition in the areas of optical data storage,

optical data processing (terminal guidance, feature extraction, synthetic aperture
radar, and simulators), large displays, laser systems, light-sensitive media, and
holography.

* Invented the “projected real-image” white light hologram, the universal type used

S ———————— — ——————— ]
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for displays and art.

Functioned as project engineer and business manager for the largest-ever industrial
effort to commercialize CW and pulsed laser holography for display, information

. storage, and non-destructive testing applications.

Developed profitable technology and manufacturing methods to achieve these
goals, and sold nearly 1 million holograms.

Managed 25 scientists, engineers, and manufacturing technicians.

From: 1965
To: 1967
Organization: ~ University of Michigan, Institute of Science and Technology
Electro-Optical Sciences Laboratories
Title: Laboratory Supervisor/Research Engineer
Summary: = Responsible for basic research supported by National Science Foundation (NSF)
and Office of Naval Research (ONR) grants in the areas of holography, optical data
processing and storage, light-sensitive materials, lasers, and grating ruling engines.
= Pioneered new recording and processing systems for optical storage and image
correction and enhancement. Managed four engineers, three technicians, and two
R&D laboratories.
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Litigation Support Experience

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Petition for Inter Partes Review

Knobbe Martens LL.C

Intellectual Ventures ILLC v. Canon Inc. -2

Consulting expert for Plaintiff on optical scanner technology. Wrote a rebuttal
declaration against granting the IPR. Deposition to be scheduled.

TBD

January 2015 - present

Petition for Inter Partes Review

Mayer Brown LLP

Surpass Tech Innovation LLC v. LG Display Co., Ltd., et al

Consulting expert for Defendant LG Displays regarding methods for blur
reduction or elimination for LCD modules. Drafted a declaration in support of a
petition to the PATB for an IPR .

TBD

December 2014 — present

Petition for Inter Partes Review

Knobbe Martens LLC

Intellectual Ventures ILL.C v. Canon Inc. - 1

Consulting expert for Plaintiff on optical scanner technology. Wrote a rebuttal
declaration against granting an IPR. Testified at deposition.

TBD

November 2014 - present

Petition for Inter Partes Review.

DLA Piper LLC

Optical LLC v. Toshiba

Consulting expert for Defendant Toshiba on digital optical disc drive servos.
Wrote three declarations in support for an IPR. Depositions to be scheduled.
Petitions granted by PATB

August 2014 — present

Patent Infringement. Retroreflectors and optical disc drive controllers.
O’Melveny & Meyers

e ——
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Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Optical LLC v. Samsung

Consulting expert for Defendant Samsung on optical components/systems based
on a submarined patent and a recent patent on a fully digital optical disc drive
controllers.

TBD

October - December 2013

Patent Infringement. Blu-ray Disc player hardware and firmware.

O’Melveny & Meyers

Walker Digital v. Samsung, et. al.

Consulting expert for Defendant Samsung on Blu-ray Disc player operation and
extensions.

TBD

March - June 2012

Patent Infringement. LCD displays.

O’Melveny & Meyers

Samsung v. AU Optronics

Consulting expert for Plaintiff Samsung on LCD displays, including wide angle
viewing, TFT substrates, and manufacturing processes.

Settled

June 2011 — November 2011

Patent Infringement. Digital cameras, firmware.

Perkins Coie LLP

FlashPoint Technology v. HTC, et al

Lead expert witness for the Defendant HTC on validity. Wrote omnibus
invalidity report for three patents related to digital camera image processing.
Testified at deposition. This was a litigation before the ITC.

TBD

November 2010 — April 12, 2011

Patent Infringement. Writing to and reading from multiple types of optical discs.
Paul, Hastings, Janofsky & Walker LLP

LaserDynamics v. Quanta Computer Inc., Quanta Storage Inc.

Lead expert witness for the Defendant Quanta Computer Inc., Quanta Storage
Inc. Wrote opinion and rebuttal expert reports. Testified at deposition. Trial on
damages in Eastern District of Texas on January 31, 2011.

Verdict for Plaintiff, but damages were limited significantly.

November 2010 — January 2011

e e
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Expert Engagement:
Type of Matter:

Law Firm:

Case Name:

Services Provided:
Disposition:

Date:

Expert Engagement:
Type of Litigation:

Law Firm:
Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:
Type of Matter:

Law Firm:

Case Name:

Services Provided:

Disposition:
Date:

Expert Engagement:
Type of Matter:

Law Firm:

Case Name:
Services Provided:
Disposition:

Date:

Expert Engagement:
Type of Matter:

Law Firm:
Case Name:
Services Provided:

Patent Infringement. Lens designs, digital cameras, and cell phones.

Perkins Coie LLP

Fujinon Corp. v. HTC and Largon

Lead expert witness for the Defendants HTC and Largon.

Trial at ITC; result unknown. Some patents before the PTO for reexamination
August 2010 — April 2011

Patent Infringement. LCD flat panel displays and TVs. Optics and materials,
electronics design and architecture.

Fish & Richardson

Sharp v. Samsung II

Consulting expert witness for the Defendant Samsung. Wrote expert report
(declaration).

Settled

December 2009 — February 2010

Patent Infringement. Phase change optical discs and CD-RW.

Paul, Hastings, Janofsky & Walker LLP

Ricoh Company, Ltd. (Ricoh) v. Quanta Computer Inc., QSI, AsusTek Inc., et al
Lead expert witness for the Defendant Quanta and QSI (Quanta Storage Inc.).
On appeal, litigation on two patents was remanded to district court for trial.
Testified on validity issues in Federal Court (Madison, WI) re: buffer underrun
(“burn proof”) and zoned CLV. Originally wrote four invalidity reports that
helped win summary judgments.

Verdict for the Plaintiff

September 2007 — November 2009

Patent Infringement. LCD flat panel displays and TVs, optics and materials,
electronics design and architecture.

Fish & Richardson

Sharp v. Samsung

Consulting expert witness for the Defendant Samsung.

Unknown

December 2007 — February 2008

Patent Infringement. Multi-layer disk optical storage, DVD buffering, spherical
aberration correction.

Connolly Bove Lodge & Hutz LLP

U.S. Philips v. International Norcent Technology, et. al.

Lead expert witness for the Defendant International Norcent Technology. Wrote
invalidity and rebuttal reports and testified at deposition and in Federal District
Court.

= ——————————————————————————— e
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Disposition: Jury decision in favor of the Plaintiff
Date: March — November 2007
Expert Engagement:

Type of Matter:

Law Firm:
Case Name:
Services Provided:

Patent Infringement. CD-R, CD-RW, DVD=R re background formatting, “burn
proof” technology, phase change optical discs, write strategies.

Paul, Hastings, Janofsky & Walker LLP

Ricoh Company, Ltd. (Ricoh) v. AsusTek Computer Inc. (ASUS), et. al.

Lead expert witness for the Defendant Quanta Computer Inc. Wrote four
invalidity reports.

Disposition: Summary judgment in favor of Defendant Quanta Computer Inc. for all four
patents in litigation; one major patent invalidated.

Date: February — June 2007

Expert Engagement:

Type of Litigation: Patent Infringement. DVD media, DVD-9, thin films, metal alloys, phase change
media.

Law Firm: Cooper & Dunham LLP

Case Name: Target Technology v. Williams Advanced Materials, Cinram International, et al

Services Provided: Consulting expert witness for the Defendant Cinram International.

Disposition: Settled

Date: 2006

Expert Engagement:

Type of Matter: Patent Infringement. DVD parental control mechanisms.

Law Firm: Monts & Ware LLP

Case Name: Digital Choice v. Toshiba, Yamaha, et al

Services Provided: Lead expert witness for the Plaintiff Digital Choice

Disposition: Settled

Date: 2005 —-2007

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Class Action. DVD players.

Heller Erhman White & McAuliffe LLP

Morris et al v. Sony Electronics Inc.

Lead expert witness for the Defendant Sony Electronics Inc. Designated
testifying and consulting expert witness. Forensic evaluation of claimed
defective DVD player products, disproved the Plaintiff’s claims. Wrote expert
report, testified at deposition.

Disposition: Settled

Date: 2005 - 2006

Expert Engagement:

Type of Matter: Patent Infringement. DVD technology.
Law Firm: Fish & Richardson

Case Name: U.S. Philips v. MRT Technology (Ritek)

Services Provided:

———————————————————————————— et
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Consulting expert witness for the Defendant MRT Technology (Ritek) .
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Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

LGD_000666

Settled
2005

Class Action. DVD players.

Heller Erhman White & McAuliffe LLP

Scafuri et al v. Sony Electronics Inc.

Co-Lead expert witness for the Defendant Sony Electronics Inc. (SEL).
Designated testifying and consulting expert witness. Performed research and
analysis and testified about the design, technology and manufacture of DVD
hardware, firmware, and DVD-Video discs. Determined and categorized the
modes of DVD-Video product failure by hardware, media and consumer. Used
statistical analysis of customer service/repair data to show that product failures
after infant mortality were well below industry norms. Provided expertise on
consumer electronics products and markets, including service and support
strategies. Wrote detailed expert report in response to the Plaintiff’s claims and
expert report. Testified at deposition.

Settled

2003 — 2005

Patent Infringement before the ITC. Laptop computers.

Dewey Ballantine LLC

Gateway v. HP

Lead expert witness for the Plaintiff Gateway. Subject matter included laptop
computers, CD and DVD drives, and Windows and Linux operating systems.
Wrote expert and rebuttal reports.

Litigation terminated

2004 — 2005

Patent Infringement. Optical mice.

Keker & Van Ness LLC

PixArt Technology v. Agilent Technologies

Lead expert witness for the Plaintiff PixArt Technology in the following
technologies: Optical mouse, photodetector arrays, image processing, optical
navigation, LEDs and lasers, and optics.

Settled

2004

Class Action. DVD players.

Heller Erhman White & McAuliffe LLP

Zeigler et al v. Sony Electronics Inc.

Lead expert witness for the Defendant Sony Electronics Inc. Designated
testifying and consulting expert witness. Wrote expert report that responded in
detail to and disproved the Plaintiff’s litigation claims re DVD.
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Disposition: Settled

Date: 2004 — 2006

Expert Engagement

Type of Matter: Patent Infringement. Digital and analog cameras.
Law Firm: Lerner, David, Littenberg, Krumholz & Mentlik, LLP
Case Name: Sony v. Eastman Kodak

Services Provided:

Consulting expert witness for the Plaintiff Sony. Subject matter included digital
and film cameras and processing methods and equipment.

Disposition: Settled

Date: 2004 — 2006

Expert Engagement:

Type of Matter: Patent Infringement. DVD manufacturing.

Law Firm: Weil Gotshal & Manges LLP

Case Name: Matsushita Electric Industrial (MEI) v. Cinram International

Services Provided:

Lead expert witness for the Plaintiff MEI (now Panasonic). Designated testifying
and consulting expert witness. Performed research and analysis and testified
about bonding and substrate molding processes, materials, equipment and
manufacturers. Provided expertise on the technology and processes used to
design and manufacture DVD discs. Rebutted the Defendant’s claims that the
patents in litigation lacked validity. Wrote both infringement and validity expert
reports. Testified at deposition twice in defense of these reports.

Disposition: Settled
Date: 2003 — 2004
Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Copyright Infringement.

Hogan & Hartson LLP

ESS Technology Inc. v. MediaTek Inc.

Consulting expert witness for the Defendant MediaTek Inc.. Subject matter
included DVD drives and firmware. Submitted initial expert report.

Settled

2003

Type of Matter: Patent Infringement. Xbox related technologies.
Law Firm: Klaquist Sparkman LLP
Case Name: Media Optik v. Microsoft

Services Provided:

Consulting expert witness for the Defendant Microsoft in the following
technologies; Xbox games, DVD-ROM; optical card systems; virtual memory
architectures and bus structures, displays, and image processing.

Disposition: Settled
Date: 2003
Expert Engagement:

Type of Matter:

= ————— ]
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Patent Infringement. DVD hardware and firmware.
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Law Firm:
Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:
Disposition:

Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:

Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:

Fulbright & Jaworski

LaserDynamics v. Acer, et al

Consulting expert witness for the Defendant Acer in the following technologies:
DVD-Video and DVD-Recordable, file structures, data access methods, DVD
applications software, and displays.

Settled

2002

Patent Infringement. CD-R optical discs.
Sullivan & Cromwell

Philips, et al v. Princo, et al

Consulting expert witness for the Plaintiff Philips
Settled

2002

Patent Infringement. Non-imaging optics.

Workman, Nydegger & Seeley

3COM v. Xircom

Consulting expert witness for the Plaintiff 3COM on the following technologies:
LEDs, fiber optic light pipes, and optical path analysis for laptop modems.
Settled

2001

Patent Infringement. Technology included architecture, design and
implementation of EIDE controller with ATAPI extensions for CD-ROM
Wilson, Sonsini, Goodrich & Rosati

Oak Technologies v. UMC, et. al.

Supporting expert witness for the Defendant UMC. Designated testifying and
consulting expert witness about the product and market evolution of CD-ROM
products, from their invention in 1978 until introduction of universal interface
standards in 1995. Performed research and analysis, wrote an expert report, and
testified about products, technology, markets, manufacturing, business practices,
standards and trends. Testified at deposition and before the ITC.

Dr. Zech’s market and trends analyses were cited by the judge (Hon. Sidney
Harris) in his decision in favor of the client.

1999

Patent Infringement. Complex storage architectures.

Chrisman Bynum Johnson

Stuff Technology v. Storage Technology Corp.

Lead expert witness for the Defendant Storage Technology Corp. Wrote detailed
expert report refuting Plaintiff’s claims.

Summary judgment in favor of Defendant
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Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:
Date:

Expert Engagement:

Type of Matter:
Law Firm:

Case Name:
Services Provided:

Disposition:

LGD_000669

1999

Theft of Trade Secrets

Oppenheimer Wolff & Donnelly

Maxoptix v. TeraStor

Lead expert witness for the Plaintiff Maxoptix. Subject matter included near
field optical drives and media.

Settled

1999

Patent Infringement. Advanced system for cinematic sound reproduction.
Farella Braun & Martel

Drexler Technology v. Dolby Laboratories.

Lead expert witness for the Defendant Dolby Laboratories on the following
technologies: CCD photodetector arrays, correlation detection, image processing
and display, and optical storage for sound reproduction from photographic film.
Settled

1998 — 1999

Patent Infringement. Optical disc mastering.

Brobeck Phleger & Harrison

ODC v. Delmar Electronics

Lead expert witness for the Defendant Delmar Electronics. Subject matter
included CD-R optical discs and optimum write strategies.

Settled

1998

Patent Infringement. Large optical disc system integration.

Gray Cary Ware & Freidenrich

ASI v. DataWare

Consulting expert witness for the Defendant DataWare . Subject matter included
WORM 12- and 14-inch optical disc drives and media and applications.

Settled

1998

Breach of Contract. Design and performance of a thermal transfer device.
Sidley & Austin

BE Acrospace v. NCR

Consulting expert witness for the Defendant NCR; submitted expert report.
Subject matter included thermal analysis and characterization methods and
processes.

Settled
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Date:

Expert Engagement:

Type of Matter:

Law Firm:
Case Name:
Services Provided:

1998

Breach of Contract. Allegations of the failure of PLMS to deliver in quantity and
on time 2x-speed CD-ROM drives for Atari’s Jaguar game product

Law Offices of Adron Beene

JTS/Atari v. Philips Laser Magnetic Storage (PLMS)

Lead expert witness for the Plaintiff JTS/Atari . Designated testifying and
consulting expert witness. Performed research and analysis and testified about
technology, product development, project management, components and
manufacturing. Deconstructed production model of litigated 2x-speed CD-ROM
reader. Determined mechanical, optical, and electronic (including R/W channel,
ECC, and interface) design aspects. Showed in expert report that (i) Atari’s
electronics design was stable and manufacturable, and that all components were
available and usable and (ii) PLMS had the capability to perform. Testified at

deposition
Disposition: Settled
Date: 1997
Expert Engagement:
Type of Matter: Patent Infringement. Optical disc mastering.
Law Firm: Morgan, Lewis & Bockius
Case Name: DiscoVision Associates v. DMI

Services Provided:

Consulting expert for the Plaintiff DiscoVision Associates. Subject matter
included CD-R discs and master disc formatting.

Disposition: Settled

Date: 1997

Expert Engagement:

Type of Matter: Breach of Contract regarding the development, manufacturing and marketing of
a4 GB 14” WORM disk optical storage product line, comprising drives, disks,
and libraries for IBM mainframe computers.

Law Firm: Rothgerber, Appel, Johnson, & Powers

Case Name: Storage Tech Partners II v. Storage Technology Corp. (STC)

Services Provided:

Disposition:
Date:

Lead expert witness for the Defendant Storage Technology Corp. (STC) .
Designated testifying and consulting expert witness. Performed research and
analysis and testified about technology, product development, project
management, manufacturing, computer storage, markets and applications, and
market potential. Interviewed key managers. Analyzed sales forecasts. Testified
at deposition

Settled

1990

Non-Litigation Patent Consulting Projects
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Consulting Engagement:

Client: Luminoz, LLC

Services Provided: Patent application support. Wrote a report responding to patent examiner’s
objections, refined claims, re-wrote abstract.

Date: 2006

Consulting Engagement:

Client: AC Troner LP (Melbourne, FL)

Services Provided: Consulting expert regarding technology and potential economic value of IP.
Wrote detailed report outlining areas of potential infringement and licensing
opportunities.

Date: 2002 — Present

Consulting Engagement:

Client: Knobbe, Martens, Olson & Bear

Services Provided: Consulting expert regarding technology/economic value of IP. Wrote detailed

report with recommendations for product development/infringement research.
Date: 1998

S5 T T e
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Professional Affiliations, Achievements & Awards

»  Founder's Scholar, Lawrence Institute of Technology (1960-1965)

= NASA Science and Technology Award for the invention of the DIGIMEM Terabyte Optical Memory
System (1982)

= Member, Committee on Preservation for the U.S. National Archives (1981-85)
»  Member, Consultants Network of Silicon Valley (CNSV)

= Fellow, Society for Imaging Science and Technology (1983; formerly SPSE)

= Member, DVD Association

= Life Member, IEEE (Institute of Electrical and Electronic Engineers; consumer electronics,
holography, and photonics societies)

»  Member, International Liquid Crystal Society

= Member, Materials Research Society (MRS)

»  Member, OSA (Optical Society of America)

= Member, SID (Society for Information Display)

= Member, SPIE (Society of Photographic and Instrumentation Engineers)

®  Charter Member Emeritus, CPIA (Colorado Photonics Industry Association)

= Primary Contributor, 2003 INSIC and author of the 2004 NEMI and 2006, 2010, 2012, and
2014 iNEMI optical storage roadmaps.

=  Manuscript Reviewer, Applied Optics and Optics Express (1995 — Present)

Patents & Publications

Patent Date Issued Description
4,198,701 1980 Digital Optical Recorder-Reproducer System
Publications

Dr. Zech is the author of over 150 technical papers, reports and presentations (1965-2012); a complete list
is attached.
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Past 10 Years Papers, Presentations, and Reports

1.

“Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative (iNEMI) Biannual Roadmap, July 2012.

2. “The Future of Optical Data Storage ” (Invited Paper), International Conference on Consumer
Electronics, Las Vegas, NV, January 13-16, 2012.

3. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative iNEMI) Biannual Roadmap, July 2010.

4. “Optical Data Storage — A Tutorial” (Invited Paper), International Conference on Consumer
Electronics, Las Vegas, NV, January 11-14, 2009.

5. A DVD Primer -The DVD-Video Perspective (rev 08), An ADVENT Group Publication, September
2007.

6. Di Chen and R.G. Zech, Optical Data Storage - Technology and Business Outlook, International
Forum on Optical Industry IP (Cheng Chan High Tech Center), Shanghai, China, May 19-21 2007.

7. “Computer Storage at the New Technology Tipping Point: The Impact of MEMS and NEMS on
Performance (Invited Paper),” International Conference on Consumer Electronics 2007, Las Vegas,
NV, January 10-14, 2007.

8. “Focusing on Blu-ray & HD DVD,” The 2006 Consumer Electronics Show, Las Vegas, NV, Jan 5-8,
2006.

9. “The Blue-Laser Media Perspective,” A CeBIT 2006 Summary Report, Hannover, Germany, March
8-15, 2006.

10. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative iNEMI) Biannual Roadmap, July 2006.

11. “The Future Direction of Optical Data Storage: Technologies and Challenges in the 21st Century
(Invited Paper),” Media-Tech 2006, Long Beach, CA, October 10-11, 2006.

12. "The Technical Expert Witness in Patent Litigation (Invited Paper)," Optical Sciences Center,
University of Arizona, February 17, 2005.

13. “A Bright Future for Optical Storage - The Consumer Electronics Perspective,” Storage Visions 2005
(jointly with CES 2005), Las Vegas, NV, January 4-5, 2004.

14. “The Technical Expert Witness: Honest, Objective, and Effective Litigation Support” (Invited Paper),
SPIE Annual Meeting, Denver, CO, July 2004,

15. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” National
Electronics Manufacturers Initiative (NEMI) Biannual Roadmap, July 2004.

16. The 2005-15 Roadmap: Optical Storage for Consumer Electronics, An ADVENT Special Report,
December 2004,
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All Papers and Presentations

1. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative (iNEMI) Biannual Roadmap, July 2012.

2. “The Future of Optical Data Storage ” (Invited Paper), International Conference on Consumer
Electronics, Las Vegas, NV, January 13-16, 2012.

3. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative (iNEMI) Biannual Roadmap, July 2010.

4. “Optical Data Storage — A Tutorial,” International Conference on Consumer Electronics 2009, Las
Vegas, NV, January 11-14, 2009.

5. “A DVD Primer — The DVD Video Perspective (rev 08),” An ADVENT Group Publication,
September 2007.

6. Di Chen and R.G. Zech, “Optical Data Storage — Technology and Business Outlook,” International
Forum on Optical Industry IP (Cheng Chan High Tech Center), Shanghai, China, May 19-21, 2007.

7. “Computer Storage at the New Technology Tipping Point: The Impact of MEMS and NEMS on
Performance (Invited Paper),” International Conference on Consumer Electronics 2007, Las Vegas,
NV, January 10-14, 2007.

8. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” international
National Electronics Manufacturers Initiative (iNEMI) Biannual Roadmap, July 2006.

9. “The Future Direction of Optical Data Storage: Technologies and Challenges in the 21st Century
(Invited Paper),” Media-Tech 2006, Long Beach, CA, October 10-11, 2006.

10. A DVD Primer -The DVD-Video Perspective (rev 07), An ADVENT Group Publication, December
2006.

11. “The Technical Expert Witness in Patent Litigation (Invited Paper),” Optical Sciences Center,
University of Arizona, February 17, 2005.

12. “A Bright Future for Optical Storage -The Consumer Electronics Perspective,” Storage Visions 2005
(jointly with CES 2005), Las Vegas, NV, January 4-5, 2004.

13. “The Technical Expert Witness: Honest, Objective, and Effective Litigation Support” (Invited Paper),
SPIE Annual Meeting, Denver, CO, July 2004.

14. “Strategic Assessment of Next Generation and Future Optical Storage Technologies,” National
Electronics Manufacturers Initiative (NEMI) Biannual Roadmap, July 2004.

15. The 2005-15 Roadmap: Optical Storage for Consumer Electronics, an ADVENT Special Report,
December 2004.

16. “UV Futures for Optical Disc (What’s Next for DVD after Blu-ray?),” International Storage Industry
Consortium (INSIC) 2003 Conference on the Future of Optical Data Storage, San Francisco, CA,
January 23-25, 2003.

17. “Technology Analysis: Optical Storage Futures -The Consumer Electronics Perspective (Invited
Paper), IIST Workshop XVII, Asilomar Conference on Computer Storage, Monterrey, CA, December
2003.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

“Where do we go from here?, Digital Media Futures for Consumer Electronics” (Invited Paper),
Diskcon 2002, September 17-19, 2002, San Jose, CA.

“A Summary Report on Selected Advances in CD/DVD and Other Optical Storage Technologies,”
ODS 2001, Santa Fe, NM, April 22-25, 2001.

“Highlights of Advances in CD/DVD Replication Technology & Content Creation and Delivery
Methods,” REPLITech Europe 2000, Diisseldorf, Germany, February 22-24, 2000.

“Volume Hologram Optical Memories: Mass Storage Future Perfect?,” Optics and Photonics News,
August 1992, pp. 16-25.

“Mass Storage Concepts and Technology for Electronic Image Management: Optical , Magnetic, and
Semiconductor,” AIIM Annual Show and Conference, April 29 -May 2, 1991, Washington, D.C.

“Second Generation Write-Once Disk Optical Storage Subsystems,” Proceedings IGC Electronic
Imaging'89, Pasadena, CA, April 1989.

“The Optical Head/Media Interface -Performance, Systems, and Applications Issues for Magneto-
Optic Erasable-Disk Optical Drives,” Proceedings of IEEE on Computer Systems, Peripherals and
Networks, Santa Clara, CA, May 23-25, 1989.

“Systems, Applications, and Implications of Optical Storage,” CompCon'88 (23rd IEEE Computer
Society International Conference), San Francisco, CA, February 29-March 4, 1988.

“The Growth Market for Optical Storage Subsystems,” Optical Storage'88, Denver, Colorado, May
16-18, 1988.

“Optical Drive Technology and Markets - Light at the End of the Tunnel?” (Invited Paper), lIST
Workshop IV, Lake Arrowhead Invitational Conference on Mass Storage, Lake Arrowhead, CA,
October 1988.

“Matching Optical Storage to the Market,” The First Technology Opportunity Conference in Europe,
London, England, February 1987.

“Optical Memory Technology -Status, Challenges, and Opportunities for Key Components,” The
First Annual Technology Opportunity Conference and Exhibition on Optical Drive and Media
Manufacturing, San Francisco, CA, July 1987.

“Important Technology and Manufacturing Issues for Optical Drives and Media,” The First Annual
Technology Opportunity Conference and Exhibition on Optical Drive and Media Manufacturing, San
Francisco, CA, July 1987.

“Marketing the Small Computer System Optical Memory Application,” Third Annual Technology
Opportunity Conference on Optical Storage for Small Systems, October, 1987.

“Qptical Storage Limitations: Systems and Media Aspects,” Symposium on Memory and Advanced
Recording Technologies (SMART), Santa Clara, CA, May 1986.

“Rugged and Militarized Optical Drives -Technology, Markets, and Applications,” The Second
International Japan Technology Opportunity Conference, Tokyo, Japan, October 1986.

“Will the Real Optical Storage Please Stand Up?” (Invited Paper), IIST Workshop II, Lake
Arrowhead Invitational Conference on Mass Storage, Lake Arrowhead, CA, October 1986.

“Optical Storage -Technology, Systems and Applications,” The Second Annual Technology
Opportunity Conference on Optical Storage for Small Systems, Los Angeles, CA, November 1986.

e ————————————————— e
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36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

438.

49,

50.

51.

52.

53.

54.

Richard G. Zech, Ph.D.
Curriculum Vitae

“Applications of Optical Memory to Printing and Publishing,” Lasers in Graphics Conference
Proceedings (Vol. 2), Anaheim, CA, December 1986, pp. 339-40

“Optical Data Storage - An Historical Perspective” (Invited Lecture), the University of Texas
(Dallas), January 30, 1985.

“Optical Mass Storage for Small Computer Systems --- ISI's Philosophy and Products,” The First
Annual Conference on Optical Storage for Small Systems, Los Angeles, CA, June 5-7, 1985.

“Optical Storage: Criteria for Selection, Evaluation, and Integration,” Peripherals Forum, Sunnyvale,
CA, June 1985. .

“Comparative Survey of Erasable Optical Disk Media,” Technology Opportunity Conference on The
Future of Optical Memories, Compact Disks, and Videodisks to the Year 2000, San Francisco, CA,
November 13-15, 1985.

“Microimaging Technology in an Electronic Information Age,” SPSE 3rd International Business
Graphics Symposium (Microimaging Technology), Arlington, VA, November 1983.

“Optical Data Display, Processing, and Storage 1I” (Conference Chair and Editor), SPSE Technical
Symposium, Las Vegas, Nevada, March 1981.

“Technology for Electronic Journalism in the 1980's,” SPSE Annual Meeting, New York, NY, May
1981.

“Technology for the 1980's --Applications to Real Estate Information Services” (Invited Lecture),
Northwest Council of Multiple Listing Services Spring Meeting, Spokane, WA, April 1980.

“Optical Data Display, Processing, and Storage I” (Conference Chair and Editor), SPSE
Technical Symposium, Orlando, FL, January 1979.

“High-Density Optical Data Storage for Military Applications” (Invited Lecture), U.S.
Army Missile Research and Development Center, Huntsville, AL, March 1979.

“Review of Laser Systems and Materials for Publication Applications,” Lasers in Graphics, San
Diego, CA, October 1979.

“Optical Storage for Cartography” (Invited Speaker) 3rd International Symposium on
Computer-Assisted Cartography (Auto-Carto IIT), San Francisco, California, January
1978.

“A Review of Optical Information Handling Systems” (Invited Graduate Seminar
Lecture), Florida Institute of Technology, Melbourne, Florida, March 1978.

“Optical Data Storage: Technology and Applications,” IGC Conference on Promise of
Current and Future Imaging Systems, Andover, Massachusetts, March, 1978.

“Optical Data Storage for Archiving” (Invited Presentation), Photographic Preservation
Branch -National Archives, Washington, D.C., May 1978.

“Optical Data Recording and Storage” (Invited Paper), 1978 Gordon Conference on
Holography and Coherent Optics, Santa Barbara, California, June 1978.

“Overview of Optical Information Storage,” IGC Conference on Advances in Optical
Information Storage, Andover, MA, July 1978.

“Holographic Block-Oriented, Random-Access Memories: Problems and Prospects,”
IGC Conference on Advances in Optical Information Storage, Andover, MA, July 1978.
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Richard G. Zech, Ph.D.
Curriculum Vitae

55. “Status and Outlook for Storage Media,” IGC Conference on Advances in Optical
Information Storage, Andover, MA, July 1978.

56. “Applications of Optical Recording and Storage,” IGC Conference on Advances in
Optical Information Storage, Andover, MA, July 1978.

57. “Design Considerations for Large Online Optical Memories,” Annual Meeting of the
Optical Society of America, San Francisco, CA, October 1978.

58. “Overview of Magnetic and Optical Storage Technologies” (Invited Presentation), IBM
Almaden Research Laboratories, San Jose, CA, November 1978.

59. “Transparent Electrophotographic Films for Optical Data Storage Applications” (coauthor), Applied
Optics 16, pp. 1642-51, June 1977.

60. “Experimental Characterization and Evaluation of High-Resolution Electrophotographic Recording
Media” (coauthor), Optical Storage Materials and Methods, SPIE Proceeding 23, pp. 61-66, August
1977.

61. “3M and Kodak Dry Silver Recording Materials for Laser Imagery Transmission Applications”
(coauthor), Optical Storage Materials and Methods, SPIE Proceeding 23, pp. 10-16, August 1977.

62. “Multichannel Laser Recorder/Reproducer (Optical Memory) for Archival Mass Storage
Applications” (coauthor), Annual Meeting of the Optical Society of America, Toronto, Ontario,
Canada, October 1977.

63. “Laser Recording at Harris Corporation” (Invited Paper), Annual Meeting of the Optical Society of
America, Toronto, Canada, October 1977.

64. “Electrophotographic Films for High-Density Optical Data Storage,” 3rd SPSE
International Conference on Electrophotography, Washington, D.C., November 1977.

65. “Optical Mass Storage” (coauthor), Proceedings of the DOE/NCAR Mass Storage
Workshop, Boulder, Colorado, December 1977.

66. “Optical Storage and Retrieval of Cartographic Information” (coauthor), Annual Meeting of the
Optical Society of America, Tucson, AZ, October 1976.

67. “Distortion Minimization in Cartographic Storage and Retrieval” (coauthor), Annual Meeting of the
Optical Society of America, Tucson, AZ, October 1976.

68. “The Role of Holography in Micrographics,” 16th Annual SPSE Fall Symposium on Business
Graphics, Washington, D.C., November 1976.

69. “Applications of Electrophotography to Optical Data Storage,” IEEE/IAS Conference Record 51A,
pp. 301-308, October 1975.

70. “Angular Orientation Sensitivity of Volume Holograms,” Annual Meeting of the Optical Society of
America, Boston, MA, October 1975.

71. “Data Storage in Volume Holograms,” Ph.D. Thesis, University of Michigan, May 1974 (University
Microfilms No. 74-25, 369).

72. “Holographic Data Storage and Retrieval” (coauthor), Optical Engineering 13, pp. 429434,
September/October 1974,

73. “Volume Hologram Recording in Photographic Emulsions: Development Effects,” SPSE Symposium
on Advances in Applied Photographic Processing, Washington, D.C., October 1974.
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74,

75.

76.

77.

78.

79.

80.

1.

82.

83.

84.

85.

36.

87.

Richard G. Zech, Ph.D.
Curriculum Vitae

“Incoherent Superposition in Volume Phase Holograms,” Annual Meeting of the Optical Society of
America, Houston, TX, October 1974.

“Experimental Measurement of Aberrations in Holographic Optical Elements” (coauthor), Spring
Meeting of the Optical Society of America, Denver, CO, March 1973. “Optical Storage Materials:
Basic Concepts and Definitions,” University of Michigan Engineering Summer Conference on
Optical Processing, Ann Arbor, MI, August 1973.

“Heat-Processed Photoresist for Holographic Data Storage" (coauthor), Applied Optics 12, pp. 2822-
27, December 1973

“Hologram Recording in Thick Light-Sensitive Polymers,” Fall Meeting of the Optical Society of
America, San Francisco, CA, October 1972.

“Holographic Recording of Retinal Contours™ (coauthor), Fall Meeting of the Optical Society of
America, Hollywood, FL, September 1970.

“Pulsed Laser Holography,” Spring Meeting of the Optical Society of America, San Diego,
California, March 1969.

“A New Holographic Technique for Medical and Biomedical Applications” (coauthor), Biomedical
Sciences Instrumentation 6, pp. 66-71, May 1969.

“Photographic Realization of an Image-Deconvolution Fiiter for Holographic Fourier Transform
Division” (coauthor), Japanese Journal of Applied Physics 7, pp. 764-66, July 1968.

“Pulsed Laser Reflection Holograms” (coauthor), Applied Physics Letters 13, pp. 41718, December
1968.

“Holographic Synthesis of Computer-Generated Holograms” (coauthor), Proceedings of the IEEE 55,
pp. 109-11, January 1967.

“Hand-Held Holography” (coauthor), Journal of the Optical Society of America 57, p. 110, January
1967.

“A Posteriori Image-Correcting Deconvolution by Holographic Fourier Transform Division”
(coauthor), Physics Letter 25A, pp. 89-90 July 1967.

“White-Light Reconstruction of Color Images from Black-and-White Volume Holograms on Sheet
Film” (coauthor), Applied Physics Letters 9, pp. 215-17, September 1966.

“Advantages and Limitations of van Heerden Wavefront Reconstruction Optical Memories,” Institute
of Science and Technology Lecture, University of Michigan, Ann Arbor, MI, November 1965.

U.S. Government Contract Research Reports (unclassified only)

1. “Optical Mass Memory Investigation” (Volumes I, II, and IIT), Final Technical Report, Contract No.
NAS 8-30564, G. C. Marshall Space Flight Center, Huntsville, Alabama, June 1977.

2. “Hologram Replication Investigation,” Final Technical Report, Contract No. F30602-76C-0382,
Rome Air Development Center, Griffiss Air Force Base, New York, September 1977.

3. *Wideband Holographic Digital Recording and Reproduction (Phase III),” Final Technical Report,
Contract No. RD-76-6208, September 1977.
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Richard G. Zech, Ph.D.
Curriculum Vitae

4. “Microreduction and Enlargement of Graphic Information Study,” Final Technical Report ETL-0063,
Contract No. DAAG-53-75-C-0155, U.S. Army Engineer Topographic Laboratories, Fort Belvoir,
Virginia, December 1977.

5. “Investigation of Cartographic Pressplate Recording from Digital Data,” Final Technical Report ETL-
0043, Contract No. DAAGS53-76-C-0021, U.S. Army Engineer Topographic Laboratories, Fort
Belvoir, Virginia, February 1976.

6. “Data Storage in Volume Holograms,” Final Technical Report, Contract No. DAAHO0173-C-0946,
U.S. Army Missile Command, Redstone Arsenal, Huntsville, Alabama, January 1974.

7. “Holographic Optical Elements: Fabrication and Testing,” Final Technical Report 1321F-2, Contract
No. NAS 8-28949, G. C. Marshall Space Flight Center, Huntsville, Alabama, March 1974.

8. “Holographic Packing Density Evaluation,” Final Technical Report, Contract No. DAAB03-72-C-
3242, National Security Agency, Fort Meade, Maryland, May 1974.

9. “Holographic Recording Materials,” Final Technical Report RADC-TR-74-287, Contract No.
F30602-14-C-0030, Rome Air Development Center, Griffiss Air Force Base, New York, July 1974.

10. “Holographic Optical Elements,” Final Technical Report AFAL-TR-72-409, Contract No. F33615-
72-C-1156, Air Force Systems Command, Wright Patterson Air Force Base, Ohio, January 1973.

11. “Optical Read/Write Memory System Components,” Part II, Final Technical Report 8105-F-2,
Contract No. NAS 8-26672, G. C. Marshall Space Flight Center, Huntsville, Alabama, March 1973.

12. “Investigation of Uses of Holographic Optical Elements,” Final Technical Report 8204-F1, Contract
No. NAS 8-28949, G. C. Marshall Space Flight Center, Huntsville, Alabama, May 1973.

13. “Wideband Holographic Digital Recording and Readout,” Final Report RADC-TR-73223, Contract
No. F30602-71-C-0365, Rome Air Development Center, Griffiss Air Force Base, New York, August
1973.

14. “Updated Optical Read/Write Memory Systems Components,” Final Technical Report, Contract No.
NAS 8-26672, G. C. Marshall Space Flight Center, Huntsville, Alabama, August 1973.

15. “Large Aperture Holographic Optical Elements,” Final Technical Report 6317-F, Contract No.
100071, Environmental Research Institute of Michigan, Ann Arbor, Michigan, September 1973.

16. “Optical Read/Write Memory System Design,” Final Technical Report 8104-F-1, Contract No. NAS
8-26360, G. C. Marshall Space Flight Center, Huntsville, Alabama, February 1971.

17. “Holographic Storage/Readout Techniques,” Final Technical Report RADC-TR-71-S4, Contract No.
F30602-71-C-0100, Rome Air Development Center, Griffiss Air Force Base, New York, June 1971.

18. “Optical Read/Write Memory System Components,” Part I, Final Technical Report 8105F-1, Contract
No. 8-26672, G. C. Marshall Space Flight Center, Huntsville, Alabama, February 1971.

19. “Investigation of Optical Memory Techniques,” Final Technical Report 8101-12-F, Contract No.
NAS-12-2200, NASA Electronics Research Center, Cambridge, Massachusetts, October 1970.

24 of 26 pages (current as of 02/24/2015)

LGD_000679

IPR2015-00885
Exhibit 2007
Page 370 of 374



Richard G. Zech, Ph.D.
Curriculum Vitae

Confidential Business and Technology Reports
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16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

28.
29.
30.
31.
32.

2-D Diode Laser Array for Ultra High-performance Optical Card Memory System

3.5" and 5.25" Optical Storage Product Distribution in Europe

Applications and Markets for 12" MO Multifunctional Optical Storage Products
Application/Market Development for High-performance Multimedia Optical Storage
Applications and Market Potential for High-density SSD 3.5" MO Optical Storage System
Computer Storage for Video-on-Demand/Consumer Interactive Services Applications
Computer Security: Technology, Products, and Markets for PCs and Workstations
Design/Business Plan for 50 GB WORM Removable-media Optical Drum Memory System
Design/Preliminary Business Plan for Rotating Optical Memory Card Based on CD-R

. Design/Preliminary Business Plan for 2" and 3.5" Fixed-media MIL-SPEC Optical Drives

. Design/Preliminary Business Plan for 3.5" 1-GB Rewritable Fixed-media Optical Drive

. Design/Business Plan for a 2 x 512MB 3.5" Phase Change Optical Disk Drive

. Design/Preliminary Business Plan for 19" Rack-mounted 25-GB 12" Fixed-disk Optical Drive
. Design/Preliminary Business Plan for Dual CD-ROM/Multifunction 5.25" Optical Disk Drive
. Design/Preliminary Business Plan for Parallel Architecture Wafer Scale (PAWS)

Semiconductor Super High-performance Storage System

Design/Preliminary Business Plan for 1 PB 3-D Holographic Memory Server
Engineering and Applications Overview of Optical Disk Products
Market/Application Assessment: 3-D Hologram Memories for Enterprise Servers
Markets and Applications for 5.25" Optical Disk Libraries

Marketing Channels for Optical Drives and Media

Market Channel Survey of Optical Drive and Disk Resellers

Marketing and Sales Strategies for 3.5" and 5.25" MO Optical Disk Products
Market and Technology Evaluation of High-end Document mage Servers and Systems
Markets and Technologies for High-end Document Image Processing Systems
Markets and Technologies for Optical Disk and Magnetic Tape Automated Libraries
Militarized Optical Disk Drives: Technology, Markets, and Applications

Optical Memory Cards: An Analysis of Markets, Applications, Technologies, and New Business
Opportunities

Optical Storage Applications for Small Computer Systems

Optical Storage Technology and Devices for MIL-SPEC and Rugged Applications
Phase Change Media for 5.25" and 12" Multifunction Optical Storage

Product Integrator Business Development for the 1990s: A Strategic Advisory
Ruggedized Optical Disk Drives: Technology, Markets, and Applications
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33.
34,
35.

36.
37.
38.

Richard G. Zech, Ph.D.
Curriculum Vitae

Serial Impact Dot Matrix & Inkjet Printer Markets and Technologies: A General Survey and Analysis
Technology, Markets, and Distribution for CCD-based Electronic Imaging Products

Technology Assessment/Conceptual Design: 3-D Hologram Memories for Enterprise Server
Applications

Technology Assessment: 3-D Hologram Memories for Wideband Correlators
Technology Assessment: 3-D Hologram Memory for Wideband Video-on-Demand Services
Time-to-Market and Manufacturing Considerations for Low-cost Optical Storage

Conference and Trade Show Reports

1.

“CeBIT Executive Report PLUS,” CeBIT 1988-2001, Hanover, Germany (a total of 14 detailed
reports and appendices covering the world’s largest IT trade show; focused on CD and DVD since
1995)

“COMDEX Executive Report PLUS,” COMDEX Fall 1988-1995, Las Vegas, NV (a total of 8
detailed reports and appendices covering the US’s largest IT trade show and conference)

Optical Data Storage (ODS) Conferences

“Focusing on Blu-ray & HD DVD,” The 2006 Consumer Electronics Show, Las Vegas, NV, 2006.

“The Blue-Laser Media Perspective,” A CeBIT 2006 Summary Report, Hannover, Germany, March
8-15, 2006.

“A Summary Report on Selected Advances in CD/DVD and Other Optical Storage Technologies,”
ODS 2001, Santa Fe, NM, April 22-25, 2001.

“Highlights of Advances in CD/DVD Replication Technology & Content Creation and Delivery
Methods,” REPLITech Europe 2000, Diisseldorf, Germany, February 22-24, 2000.

“Highlights and Advances in CD/DVD and High-performance Rewritable Optical Technology,” ODS
1998, Aspen, CO, May 10-13, 1998.

“An Appreciation of Significant and Strategic Advances in Optical Storage,” ODS 1994, Dana Point,
CA, May 16-18, 1994.

Other Private/Custom Reports (not in public domain)

1.

All-Optical Networking 2001; CABLE (1994 and 1997); CES (2001-2009); CLEO 2002; EMX 2004
(re Blu-ray Disc); MediaTech 2003-2006; NAB 1995; OFC 2002; REPLITech North America (1996-
2001).
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Information Considered

Description

U.S. Patent No. 7,202,843

U.S. Prosecution History of U.S. Patent No. 7,202,843

Petition filed in TPR2015-00021

Preliminary Response filed in IPR2015-00021

Selected Documents from Prosecution History of European Patent
Application No. 03029643.8

Selected Documents from Prosecution History of Japanese Laid-Open
Patent Publication No. 4199655 and Certified English Translation
Thereof History of Thereof

U.S. Patent Application Publication No. 2002/0044115 (“Jinda”)

Japanese laid Open Application Publication JPHO0662355A (“Miyai”)
and Certified English Translation Thereof

Korean Patent Application No. 2000-0073673 (“Lee”) and Certified
English Translation Thereof
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