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PROCEEDTINGS
MICHAEL J. MARENTIC,
after having been first duly sworn or affirmed to
testify to the truth, was examined and
testified as follows:
EXAMINATION BY COUNSEL FOR THE PATENT OWNER

WAYNE HELGE:

Q Good morning, Mr. Marentic.
A Good morning.
Q Good to see you again.

Are you familiar with U.S. Patent No.
7,420,5507

A Yes.

Q That's the patent at issue in Sharp v.
Surpass Tech Innovation, Case No. IPR2015-00913. Is
that right?

A Yes, that is correct.

Q And you provided a declaration with some
opinions about that patent, correct?

A Yes.

0 We're here this morning to talk about those

opinions, correct?
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6
A Yes.
Q That's the purpose of your deposition?
A Yes.
Q Mr. Marentic, can you give your full name,

please, for the record.

A Michael James Marentic.
@) Mr. Marentic, we did this just about a
month ago, last deposition. I just want to check.

Is there any reason today that you would not be able

to give true and accurate testimony in this

deposition?
A No.
Q Mr. Marentic, I'm also going to read the

same paragraph that I read for you last time into the
record. We talked about this last time. I don't
think there will be any confusion. But this comes
from the Office Patent Trial Practice Guide. The
paragraph reads, 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
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the witness' testimony already given, or anticipated
to be given, except for the purposes of conferring
and whether to assert a privilege against testifying
or on how to comply with the Board order; or (b)
suggest to the witness the manner in which any
questions should be answered.

Do you recall that I had read that
paragraph for you before?

A I remember hearing a similar paragraph.

Q And you understand the prohibitions against
conferring with your counsel today until your entire
deposition is concluded, correct?

A I do.

Q Okay, thank you.

Mr. Marentic, has there been any change to
your CV since October, since early October?

A No.

Q Have you given any further depositions or

undertaken any further engagements since your last

deposition?
A No.
Q In preparing for this deposition, who did
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888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
7 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

you talk to?

A I talked to attorneys at ARE.

Q Anybody else?

A No.

0 And what documents did you review in

preparation for this deposition?
A My declaration, the '550 patent, the Sharp

reference, and Kamizono.

Q Did you review the petition also?
A No.
0 When was the last time you reviewed the

petition in this case?

A A long time ago. I can't attach a date to
it.

Q Was it before it was filed or after it was
filed?

A It was after it was filed.

Q Did you prepare your declaration without

seeing the petition?
MR. BERKOWITZ: Objection to form.
A The declaration was prepared —-

MR. BERKOWITZ: I'll just interrupt the
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witness. To the extent that it involves any
privileged communication not to reveal that.

Again, 1f you can answer the question
without revealing any privileged communication,
please go ahead.

A I did not see the petition prior to the
filing date of March 20 exactly.

0 How many days before March 20, 2015 did you
see your petition -- excuse me. How many days before
March 20, 2015 did you first see your declaration?

MR. BERKOWITZ: Objection to form,
relevance.

A I worked on my declaration most of the
month of March.

Q In preparation for today's deposition, did
you look at any documents from any of the other IPRs
filed against Surpass?

MR. BERKOWITZ: Objection to form, outside

the scope.

A No, not that I'm aware of.
Q Are you aware that there was a deposition
earlier this month —-- excuse me, it was actually late
PLANET DEPOS
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10
last month —-- in a case also against the '550 patent?
A I was not aware of that.
Q So you didn't review a transcript of that
deposition?
A No.
@) Mr. Marentic, when did you last look at

your declaration?

A Last night.

Q Was that the first time you'd reviewed it
since it was filed?

A No.

Q You'd been reviewing it in preparation of
this deposition over a series of days then?

A Yes.

Q You reviewed your declaration against the
'843 patent in preparation for your October
deposition, correct?

A Yes.

Q And you reviewed your declaration against
the '550 patent in preparation for this deposition,
correct?

A Correct.
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0 Having recently reviewed both of those
declarations, do you believe that your methodologies
were consistent in those two cases?

MR. BERKOWITZ: Objection to form.

A The last time I looked at the '843
declaration was the date of the deposition. I've not
looked at it since. Would you ask the question
again?

Q My question was whether you felt that your

methodologies in these two declarations were

consistent.
A Consistent with what, each other?
Q Yes.
A I believe so.
Q Did you spot any errors in the '550

declaration when you reviewed it in preparation for
this deposition?

A I didn't find any errors. There was a
point of clarification and that is about Claim 5 that
speaks to the integrated gate drivers. The claim
chart relies upon Kamizono, and in the text there was

a discussion of Sharp showing integrated gate drivers
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12

as well as Kamizono showing integrated gate drivers.
Both of those references show it. The claim chart
seemed to have a stronger description, and I relied
upon Kamizono claim chart, but both Kamizono and both
Sharp show integrated gate driver technology as a way
of implementing the drivers that drive the gates.

Q So, Mr. Marentic, how would you —-- how
would you have revised that declaration to capture
this clarification that you want to make?

MR. BERKOWITZ: Objection to form.

A I may reorganize the material a little
different in sequence and paragraphs, but both of
them strongly show a path towards integrated gate
drivers.

Q So are you saying you would have changed
organization but not changed the content?

A Generally, yes.

o) Is there anything you want to add to what I
just said?

A I don't believe so.

Q Are there any other changes to the

declaration that you would have made based on your
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recent review?
A Somewhere was a misspelling. Gate, I think
was spelled g-a-t-d, obvious what it was, and I can't

recall where it is.

Q Anything else you'd want to change?
A No.
Q So everything else is technically accurate

and you stand by those words. Is that right?

A That 1is correct.

Q Mr. Marentic, we're going to talk a lot
today I think about drivers, gate drivers, source
drivers. Let's talk about source drivers first.

Generally speaking, in a LCD panel what is
the purpose of a source driver?

A The purpose of the source driver is to
provide an analog voltage on the source lines, source
spots, that represents the video input signal.

o] Does the source driver have to drive an
analog voltage?

MR. BERKOWITZ: Objection to form.

A For the larger content -- or larger

displays displaying video, they would be analog
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voltage.

Q So it has to be analog voltage?

A There are certain applications where it
wouldn't need to be. It could be an on/off, but then
that display wouldn't be capable of displaying gray
scale. It would be full on, full off. There aren't
displays out there that require just that.

0 And an analog voltage has to be sufficient
to do certain things in the pixel. Is that right?

MR. BERKOWITZ: Objection to form.

A The output range of an analog output needs
to match the liquid crystal cell characteristics.

Q And what goes into those characteristics,
what factors are there?

A Making sure that the cell can be driven to
a full off state and a full on state. So, for
instance, it wouldn't be biased in such a way that
the cell is always on or the cell is always off.

@) Well, let me ask you this. Is it common
for an LCD panel to include a storage capacitor?

MR. BERKOWITZ: Objection to form.

A There is a number of components that appear
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as capacitors. Certainly the liquid crystal material
itself between the two electrodes appears as a
capacitor.

Q How would you describe that, that liquid
crystal material acting as a capacitor?

MR. BERKOWITZ: Objection.

Q Is there a term that we can use to describe

that?
MR. BERKOWITZ: Objection to form. Please

let him finish the answer.

A There is a second capacitor in each pixel,
a holding capacitor that is formed during the process
of forming the TFTs. So there's two capacitors in
parallel, and then there's an array of parasitic
capacitances throughout the panel. The easiest to
consider would be the crossover of a gate and a
source bus at that intersection would be a parasitic
capacitance.

0 Is there a term we use to describe —-- or we
can use to describe the capacitance resulting from
the LC material?

A Clc.

PLANET DEPOS
888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
15 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

16

Q And that would be a liquid crystal
capacitance?

A Yes.

0 And then what about the hold capacitor?

MR. BERKOWITZ: Objection to form.

A That could be called -- I'd like to be
consistent. Sometimes it's called S shunt. The '550
uses the Cs shunt.

Q Is that the same thing as a storage
capacitor?

A Yes.

Q How is the storage capacitor charged within

A It's in parallel with the Clc.
Q How do you get a potential difference
across that storage capacitor?

MR. BERKOWITZ: Objection to form,

foundation.
A Through the drain of a TFT on that pixel.
Q And where does the drain get voltage to

charge the storage capacitor?

MR. BERKOWITZ: Objection to form,
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foundation.

A There is a voltage presented by a driver
output to a source bus and a gate signal will turn on
the TFT and allow charging of the parallel Clc and Cs
capacitance.

Q You said just a moment ago a driver. Would
that be a source driver?

MR. BERKOWITZ: Objection to form.

A The term source driver or data driver are
equivalent for purposes of this patent. The driver
output would generate the voltage that is present on
the source bus and that output could be part of
another device that's also called a driver and that
driver would be a monolithic integrated circuit. So
the term driver can refer to an integrated circuit or
a driver can refer to a single output that is present
within an integrated circuit or IC.

o) When you say output, you're talking about
that analog voltage?

A A circuit that outputs the analog voltage
that 1is presented to the TFT array.

Q And that is the analog voltage, correct, in
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a video displaying LCD?

A In a display displaying video, that would
be an analog voltage or stepped in increments of say
256 grade levels.

Q Did you say "or stepped in increments"?

A Yes.

Q What would be stepped in increments?

A The output voltage of a stage or a single
output

0 What is a stage?

A A driver output. There is a couple of ways

of supplying the video. One would be an infinite
number of combinations between two voltages. The
other would be a set of commonly 256 gray levels
between two voltages, but for purposes of the drivers
that we're talking about, it's sort of —-- driver
meaning IC or driver meaning output stage, that's a
level of detail that really isn't discussed in these
patents.

Q You had me confused now because you've
talked about a driver, a driver stage and a stage

separately in all different ways. Can you clarify
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the meaning among those three things?

A Well, the '550 is a little confusing. It
uses drivers to mean discrete integrated circuits,
and it also uses the term driver to mean an output,
an output stage of which there are multiple within an
integrated circuit driver.

So, yes, it is confusing as a result of the
language that was used in the '550 and also generally
the terminology used among technologists and the
context would be obvious whether it was the IC or a
single output.

Q And so when you talk about a single output,

are you talking about a single output from an IC

driver?
A An output could mean that, yes.
Q How have you been using the term?
A I will usually —-- in the declaration I was

careful to call out monolithic or chip versus output
or driver output. I believe I am consistent in doing
that.

Q I want to understand how you've been using

it already this morning. What are you referring to
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when you talk about an output?

A

is present within an integrated circuit.

Q

integrated circuit?

A

Q

that measured in pitch?

foundation.
A The distance between them? I'd have to
scratch my head. I'm not sure that's a relevant

parameter for driver outputs.

drivers,

characteristics and pitch would be low in

consideration.

Q Do you know what pitch means in a driver
context?

A I do.

Q What does that mean?

20

MR. BERKOWITZ: Objection to form.

An output is a port or a signal point that

So there could be multiple outputs on one

There frequently are, yes.

And the distance between those outputs, is

MR. BERKOWITZ: Objection to form,

There is a pitch but if I were to be buying

I would look at a number of electrical
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A To me it means the distance between the
center line of a output pad between adjacent driver
stages or driver outputs.

0 In the 2004 time frame, are you aware of
what the standard pitch was for driver ICs?

MR. BERKOWITZ: Objection to form,
relevance, scope.

A I don't have that number on the top of my
head.

Q Did you investigate that issue when you
were preparing your declaration?

MR. BERKOWITZ: Objection to form.

MR. HELGE: What's wrong with the question?

MR. BERKOWITZ: He already said he's not
familiar with it.

MR. HELGE: I'm asking if he investigated
it in preparation for his deposition. I'd like you
to answer it.

MR. BERKOWITZ: You asked him earlier
before this deposition.

MR. HELGE: And I'm asking him in

preparation for his declaration.
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MR. BERKOWITZ: I didn't instruct -- he can
answer.
MR. HELGE: One person talking at a time,
please.

Q Mr. Marentic, can I get an answer to that
question, please?

A I did not concern myself with pitch during
this declaration. The term pitch, although used in
the art, is not in the claim language of the '550
patent, so I didn't concern myself with it.

0 We talked earlier about different terms for
source driver, and I think you mentioned data driver
and source driver. Is that right?

A Yes.

0 Are there other terms that we could use for
that same concept, those are the most common terms?
Are they ever called column drivers?

A Occasionally.

Q Is there any difference between a source
driver, a data driver or a column driver, in your
estimation?

MR. BERKOWITZ: Objection to form.
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A For a liquid crystal display, a large area
displaying video the term that I've always heard 1is
source or data driver. Column driver could be used.
It's frequently used in other display technologies
like plasma or polymer dispersed liquid crystal or in
film electroluminescence or super-twist nematic, STN
technology.

Q So in the context of LCD technology, do you
believe that a source driver and a data driver are
synonymous?

A Generally, yes.

0 Is there an instance where they wouldn't be
synonymous?

A If you have some test cases, I'd like to

look at them.

Q I just want to understand in your
experience.
A In terms of the '550 patent, the patent

calls out data drivers and then the claim calls out
source driver, and to me the source driver refers to
the data driver. Within this ball of confusion of is

it an integrated circuit or is it just a driver
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output.

0 In your experience, is one of those terms
better than the other, is source driver better than
data driver or vice versa?

MR. BERKOWITZ: Objection to form.

A Different factories will tend to call —-
use one term or the other term. The IC manufacturers
will use both terms, I believe, also. In the context
of larger area display displaying video with a TFT
active matrix array, the source and the data driver

would be equivalent terms.

Q In LCD display, do the LC molecules emit
light?

A No.

Q What do they do with respect to light?

A They interact with polarized light and

modulate the amount of light that passes through a
liquid crystal cell. The light is generated for
these types of displays by backlight, and the liquid
crystal pixel modulates the amount of light that
reaches the viewer's eyes.

Q Is it accurate to say that liquid crystal
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molecules act as a sort of shutter to allow light
passing through it?

A A variable shutter.

Q Have you heard of the term ramp retrace in
the context of LCD technology?

MR. BERKOWITZ: Objection, relevance,

scope.

A Sitting here today, I can't recall that
term.

0 It's not familiar to you?

A I can't recall it right now.

@) How about hold drive?

MR. BERKOWITZ: Objection to form,
relevance and scope.

A Well, Sharp reference uses a sample and
hold method.

0 What does that mean, sample and hold?

A A video signal is sampled at a specific
point in time, and that sample is held on a storage
capacitor.

Q What happens if you don't have a storage

capacitor in a pixel, can it hold that signal in the
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pixel?
MR. BERKOWITZ: Objection to form.

A There is an additional capacitor outside
the Clc and the Cs parallel combination. The sampling
device will have an additional hold capacitor.

Q And so am I correct in saying that that's
the third capacitor that we're talking about within a
pixel region-?

A It's the third discrete capacitor that
we've been talking about. There's some scattered
parasitics that are always present but it would be a
third discrete capacitor.

Q Have you seen a hold capacitor modeled in
any of the documents that you reviewed for this
deposition?

MR. BERKOWITZ: Objection to the form.

A To me modeled means a spice simulation.
And no, I've seen no SPICE simulation for this area
of the '550 patent.

Q Have you seen any graphic representations
of the hold capacitor in any of these documents that

you reviewed for deposition?
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MR. BERKOWITZ: I'm sorry, could you read
that back.
(Pending question read.)
A The Sharp reference has some capacitors
that are shown. I refer to them in my report as part
of the sample hold circuit.
@) We'll have to come back to that in a little

bit.
Any others that you recall?
A The Sharp reference has additional

embodiments where there's extra additional

capacitors.

0 Is that it?

A That's all I recall.

Q So you've been talking about what you've
referred to as a sample and hold circuit. 1Is that
right?

A That's what the Sharp reference describes,

a transistor and a capacitor.
Q Do you have any professional opinion as to
whether sample and hold is the same thing as a hold

drive?
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MR. BERKOWITZ: Objection to form. I've

not really heard the term hold drive. It doesn't
ring a bell.

Q In your CV you talk about Alien Technology.
Do you remember we talked about that last month?

A We did.

Q It says in your CV that you were involved
with the design of custom drivers. Is that right?

A That's correct.

0 What kind of drivers were those, custom
drivers?

A Those were drivers designed by engineers at

Alien. They were for organic LED, they were for
cholesteric liquid crystal and for polymer dispersed
liguid crystal. They also had the additional
requirement that they be roughly square or just
slightly rectangular, and Alien Technology had a
method of assembling silicon dye on to a substrate
called fluidic self-assembly. The driver ICs, or
chips, were made on a standard wafer run through
standard wafer processing. They were etched and

broken and the result was their shape looked like a
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truncated pyramid with the circuitry transistors
diffused in at the top of the truncated pyramid.
circuits were held in a fluid and passed over a
substrate with the opposite shape of a pyramid,
dimples, and the dye would reliably and quickly
insert themselves upside down into the dimples, an
we could do tremendous number of assemblies per
minute. I don't remember the number, but million
kind of number. And these displays were ultralow
cost and they were flexible, typically for a credi
card or additional security for a chipped credit
card.

Q So Alien Technology produced these cust
drivers for various types of displays. Were you
producing and designing these drivers according to

customer specifications?

A The customer was Alien. We —--— as a company

Alien had a customer base —- or a prospective
customer base and they needed so many digits, such
size, such an optical characteristic and that woul
get transferred into a couple of different

departments, one that was concerned with the displ

29
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material, another department with creating the dimple
substrates and the department that I worked in was
the IC design group and they would design the dye
which would have multiple output stages.

0 Would I be wrong to characterize those
custom drivers as a source driver, a gate driver,
something like that?

A There was no TFT array, so the term source
and gate doesn't have meaning in that context. Those
would be called more segment or row drivers and digit
or column drivers. I can't remember the term we used
for them, but we were consistent.

Q Do you have design experience for drivers
for active matrix LCD panels?

A I have experience with the custom drivers
that were being in this case going to be used by
Hitachi and were being designed in Silicon Valley,
and I was the technical go-between between the
factory engineers and Mobara, Japan, and the Silicon
Valley.

0 So that's not an Alien Technology, right,

that's at Hitachi?
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A That is at Hitachi. There was also at
Philips we were designing a couple of ICs. One was a
very low cost timing controller for source and gate
drivers. The other was a complex timing controller
that had some enhancement, and there may have been
some source drivers that were -- source driver ICs
that were being developed for one of the Philips
factories.

0 What do you mean -—-

A Excuse me. There was also —-- I was the
go-between for an investment in E Ink, the
electrophoretic display and the design group in
Philips Semiconductor out of Zurich, Switzerland.

Q When you mentioned Hitachi and Philips, you
talked about a timing controller for drivers. What
do you mean by timing controller?

A That would be a circuit that would talk to
a graphics chip or a motherboard processor and would
also communicate retimed information to the source
ICs and the gate ICs.

Q So is it accurate to say that the timing

controller is separate from the source IC or a gate
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Ic?

MR. BERKOWITZ: Objection to form.

A It is a separate integrated circuit, yes.

Q For your work at Hitachi and Philips you
were involved in designing timing controllers for
these drivers —-- I'll ask this question again.

In your work at Hitachi and Philips, were
you ever concerned with the type of signal coming
into the driver for your design work?

MR. BERKOWITZ: Objection to form.

A Yes, always concerned with signal, timing,
voltage levels, integrity, of course.

Q And so you'd be concerned -- when I talk
about signal coming into the driver, are we talking
about digital data at that point?

MR. BERKOWITZ: Objection to form.

A In the case of Hitachi it was digital data
coming into the driver IC. Is there a section of the
question I didn't answer? You've got a look on your
face like you're expecting more from me and I'm
expecting something from you.

Q Got it. I just wanted to make sure you
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were done.

What about Philips, was it also digital
data coming into the driver?

A It was a wide range of projects that we
worked on. We pulled R&D material from Philips
research and moved it into Philips factories. It was
a large amount of quick-turn projects.

My recollection is most of it was digital
data going into the drivers. There may have been an
analog project. There were 30 or 40 engineers that
reported to me, some in the U.S., some not in the
U.S. As I said, there was a lot of projects.

Q And for each project you'd need to know
what type of data was coming into the driver to
understand the design requirement, right?

A We would have a specification that ironed
down everything that we could at the onset of the
design so that when the design was complete and parts
made, it could be tested against the design
requirements and verified to meet them, typical
engineering practice.

Q In the 2004 time frame do you know the
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maximum number of signal lines that could be
connected to an IC driver action area?
MR. BERKOWITZ: Objection to form.

A It would depend on what the interconnect
technique was, whether it was tape automated bonding
or chip on glass or discrete package that was mounted
on a circuit card. Regardless of what the technology
is, I don't have that number at the tip of my tongue
sitting here today.

Q In your declaration you say that
large—-sized LCD panels with pixel dimensions of 800
by 600 had multiple driver ICs.

Do you recall that testimony?

A Yes.

Q Why would you need multiple driver ICs for
that pixel dimension?

A That was a common display size around that
period of time. It was a standard I believe called
out initially by IBM. At the time there were
management manufacturers that would make driver ICs,
and these driver ICs would have some number of output

stages. For instance, if a source driver IC had 200
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outputs, then you would need four of them to drive
800 lines, and they would be placed along a
horizontal edge.

0 In the 2004 time frame was it possible to
manufacture a driver IC with 800 outputs?

A Certainly it was possible to manufacture
it. The question would be was it economically
viable, in which case people, factories, companies
that made the ICs might not go to that large a
number.

My experience is there would be a few
hundred outputs at that time frame so you would need
at least a couple of ICs. And usually these ICs had
a very high aspect ratio. They were —-- the outputs
along one of the long edges and two of the shorter
edges, maybe a little bit the opposing edge and then
the power, the data, the clock, the service signals
would come in to the middle of the side away from the
panel. And if there were an 800 output IC, it would
tend to have this very high aspect ratio and would
tend to be fragile especially in a notebook

application where there was a little bit of bending
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of the 1lid transferring a little bit of bending to
the liquid crystal display, and if there was a long
slender IC mounted along the top driving all 800
outputs, it would be easy to crack. Also, in a
manufacturing environment it's not unusual for ICs to
be hooked up to a panel, that completed panel as it
would be sold to the customer turned on and burned in
at a higher temperature for a period of time and
failures would develop, and they'd have to be
repaired. It was easier to pull off smaller
individual ICs, not damage the underlying panel
structure and then reattach a smaller IC.

MR. BERKOWITZ: We have been going about an
hour. Is now a good time for a break?

Q Mr. Marentic, you want a break or do you
want to keep going?
A Break sounds good.

MR. HELGE: Off the record at 11:32.

(A recess was taken.)

MR. HELGE: Back on the record at 11:47.
BY MR. HELGE:

Q Mr. Marentic, earlier you were talking
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about the types of connections and you used a few
terms that I want to clarify. Chip on glass is COG,
correct?
A It's abbreviated as COG. It's a monolithic

silicon dye that's made with conventional IC
fabrication technology and it's attached on the edge
of the panel and the inputs and outputs bonded
appropriately.

Q What are the types of bonding methods that
you could use?

A You could use aluminum wedge bonding, gold
ball bonding, and ACF, and anisotropic conductive
film.

Q Are there different types of ACF methods?

A There's different manufacturers and they
have different properties, but generically they're a
thermoplastic with conductive spheres, and these
spheres are at such a density so that when a bumped
dye is pressed against the panel, there will be
multiple spheres that are connecting the bump to the
corresponding pad on the panel and yet the density of

the conductive sphere is low enough that there won't

PLANET DEPOS
888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
37 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

38

be lateral shorting.

Q Are there types of ACFs —-- I'll take that
away.

When you mentioned properties, different
properties for different manufacturers of ACFs, is
temperature one of those properties?

A The bonding temperature and pressure
profile and the conductivity of the spheres.

Q And do any of those properties affect
whether the IC could be removed and replaced for
repair?

MR. BERKOWITZ: Objection to form,
relevance.

A From a manufacturing point of view the ACFs
I'm familiar with can be heated up and the silicon IC
removed for repair. Should a fault or failure occur
late in the process when all of the money has been
invested and a single line is not functioning
properly rather than throw that completed display
away, it will be reworked.

Q Are there any ACFs that you're aware of

where heat will actually increase the bond rather
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than allowing the IC to be removed?

MR. BERKOWITZ: Read back the last

question.
(Pending question read.)
MR. BERKOWITZ: Objection to relevance and
scope.
A There are a number of companies making ACF
and a number of applications. I don't know all of

the properties of all of the ACFs, but there are
clever material scientists that will put together
materials for use in ACF that will suit a certain
application.

Q So you're not specifically aware of the

type of ACF that I was asking about?

A I wouldn't be surprised if there is any.
Q But you're not specifically aware of them?
A I can't name a manufacturer and a part

number here today, no.

Q Is there any other type of bonding method
that we haven't talked about for chip on glass
technology?

A Those are the ones that I'm aware of that
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were 1in volume manufacture in 2004 time frame.

0 What about wire bonding?
A I mentioned those too.
Q So the aluminum wedge and the gold ball,

are those types of wire bonding?

A Yes.

@) And does wire bonding allow the removal of
a damaged IC?

A Yes.

MR. BERKOWITZ: Objection to form,
relevance.

Q Are there properties of the wire bonding
technique that affect whether the IC could be removed
and replaced?

MR. BERKOWITZ: Objection, relevance,
scope.

A There's a material selection in all of
this, so if there is an IC put on to the edge of the
panel and wire bonded, the material set around that
process would certainly include materials with
properties that allow rework.

Q Is that because rework is important?

40
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MR. BERKOWITZ: Objection to form.

A Rework is -- is important. 1In a
theoretical point of view, in an ideal world, you
don't need that. 1In the actual factory of making
displays, as I mentioned earlier, one would not be
thrown away because of a single errant line. The
display assembly will be repaired, different
techniques, different factories, different
technologies, but there would be a method of
repairing a failed line in the very last stage.

0 So the concern for a rework would have been

known by a person of ordinary skill in the art in
2004. 1Is that right?

MR. BERKOWITZ: Objection to form,
foundation.

A I believe under my definition of a person
having ordinary skill in the art in 2004, they would
have known about rework issues.

Q Was rework —-- was the concern for rework
known in 20037

MR. BERKOWITZ: Objection to form,

foundation, relevance, scope.
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A I first stumbled on to rework in the late
'60s. 1It's a vulgarity of manufacturing. Everything
doesn't come out identical and perfect.

Q So somebody coming up with a design in LCD
technology would have considered rework as part of
that design. Is that right?

MR. BERKOWITZ: Objection to form,

relevance, outside of scope.

A The design of what?

Q LCD technology, LCD driver.

A An LCD driver IC?

0 Well, I think -- we're talking about

rework, let me make sure I understand.
Rework i1s —-— includes the need to be able

to replace a damaged IC with a new IC once

manufacturing is substantially complete. 1Is that
right?

A That's correct.

Q And so that need to be able to replace a

damaged IC is something that's known within LCD
technology since the 1960s. Is that right?

A The need for rework at multiple levels,
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whether it's lines in the photolithographic process,
whether it's failed backlight, a failed IC, there is
an awareness that there is rework that is done. I

believe your earlier question hinted at exclusively
IC, and the IC designer is less concerned with the

rework.
electrical and physical specifications, and their

concern is yield of that dye at electrical test.

Q

rework an IC, you're going to replace it in kind,

correct?

A

Q

about bonding methods, they will also be concerned

about rework, correct?

relevance, scope.

A

accomplished at a couple of high failure modes.

Q

have rework in their mind. Is that right?

They make an IC that meets certain

43

And that's because if you're going to

MR. BERKOWITZ: Objection to form.

Generally, yes.

And so people who are making determinations

MR. BERKOWITZ: Objection to form,

The panel design is such that repair can be

So the designers of that panel design will
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MR. BERKOWITZ: Objection to form,
relevance, scope.

A The panel designers and manufacturers will
have rework considered in the product flow and final
costing.

Q What about at the design stage, will they
have that in their mind at that time as well?

MR. BERKOWITZ: Objection to form.

A They should.

0 You mentioned another bonding method ——- I
think it's bonding —-- no, actually it's not a bonding
method. T-A-B, TAB, can you tell me what TAB stands
for?

A Tape automated bonding.

0 So is it a bonding method?

A It's a class of packaging where the silicon

dye is connected to a flexible substrate and that
flexible substrate is then attached to the panel edge
and the circuitry wrapped around to the opposite side
of the panel.

Q And does tape automated bonding allow for

rework?
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MR. BERKOWITZ: Objection to form, scope,
relevance.

A The TAB is usually attached with ACF, so
the same scenarios of loosening the ACF, heat,
solvent, shock, something. The TAB method also
requires rework for an economical product to be
manufactured at a factory.

0 When you were talking earlier about a
hypothetical 800 output driver IC, you talked about
risk of damage. Where did you acquire that knowledge
about risk of damage based on such a large IC?

A I might have broken some at SAIC when we
were putting high performance backlights behind
display LCD panels. I was certainly aware of it at
Hitachi and at Philips also.

Q Do you agree that a driver IC —-- well,
generally speaking, do you agree that driver ICs have
been improving over time?

MR. BERKOWITZ: Objection to form.

A Driver ICs have been evolving so that they

meet the panel manufacturer's requirements which meet

OEM requirements and can be marketed competitively
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against other OEM products.

Q How have they been evolving?

A They would have used different processes,
semiconductor fab processes —-—

MR. BERKOWITZ: Just for clarification.
Why don't you just read the question back and start
over.

0 The gquestion was how have they been
evolving. He said they have been evolving.

MR. BERKOWITZ: I just want to make sure
she got it down correctly.
(Pending question read.)

A —— semiconductor fabrication processes,
different handling methods, different data input
structures.

Q So is that in order to perform more
computations?

MR. BERKOWITZ: Objection to form.

A These ICs don't perform computations.

Q Have the number of output stages for one
driver IC changed over time?

A Yes.

46
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Q How have they changed?
A It generally increased.
Q Today what's a common number of output

stages for a driver IC?

A I actually don't know today.

0 You knew 2004 though, right?

A There were a few hundred.

Q More than a dozen, right?

A More than a dozen for the types of large

area video displays that we're talking about.

Q How would you define large area video
display, just so we understand the context of what
we're discussing?

A A video display would be at least the
standard definition, the one prevalent since World
War II. That was 525 lines by about 400, 480 lines,
so that was a standard definition. And in the early
days those were a few inch diagonal. Those were
unsuitable for family viewing in a living room, for
instance.

The need for a living room experience said

that the displays needed to be at least 16, 20, 24
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inch diagonal, and the number of pixels was less
expensive product SKUs, the standard definition.
When the high definition standard came out, there
were still multiple addressabilities that were
allowed under the current TV standard, I think it's
ATSC, but in that time I believe the ATSC went live
2008, 2009, but in preparation TV manufacturers were
trying to get larger screens, both in physical size
and in pixel addressability.

So to me a large area would be at least a
thousand pixels left to right and the appropriate
ratio up and down to meet the 4 by 3 or the 16 by 9
aspect ratio, and at least some diagonal of 16, 20,
24 inches that would allow for almost multiple
viewers to watch it.

0 Two LCD panels of different sizes can still
have the same number of pixels, right?

A Yes.

Q So the number of pixels is not always
variable with the change in size, correct?

MR. BERKOWITZ: Objection to form.

A To some degree both are independent. It
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relates to a particular factory's mother glass size,
and that's the starting glass that goes into the
factory. For a given factory they can fit so many
displays on the mother glass and have a less than
optimal number or size of substrate LCDs flowing
through the TFT fabrication process would cause a
price increase for that particular size. So each
factory has optimal sizes that they're able to run.

Q And you mean optimal size based on the
physical dimension of the glass, right?

A The physical dimension.

@) Is it true that there is an electrical
circuit element that drives each gate line and source
linev?

MR. BERKOWITZ: Objection to form.

A I think I understand that. Would you
repeat it?

0 Sure. Is it true that there is an
electrical circuit element that drives each gate line
or source line?

A There is a cluster of electrical components

that drives each source line and gate line.
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Q What is that cluster of components called?

MR. BERKOWITZ: Objection to form.

A That could be an output driver.

0 Is there any other term that's used for
that.

A Well, we've talked about some of those

earlier. Output stage, output of a driver IC.

0 What about a buffer?

A A buffer is a narrowed definition of a
circuit. Typically the input equals the output.
Occasionally it can be inverted, hence the term
inverting buffer. Occasionally the output impedence
is low, called a stiff buffer. Sometimes it just
cleans up a signal and there's no particular need to
have extra driving strength.

Q In a LCD panel is there a need for extra
driving strength on a column line or gate line?

MR. BERKOWITZ: Objection to the form.

A The TFT array will have been modeled prior
to fabrication with certain line capacitances and
line resistances and target output specifications.

Frequently the manufacturer of the whole LCD assembly

50
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who designs the TFT array would have a range of
suppliers that they buy from, and they would be able
to give an early specification to the manufacturers
to let them know what they were looking for in terms
of drive characteristics. And reciprocal is also
true, the manufacturers of the driver ICs would have
preliminary specifications that they would send out
to industry outlining the characteristics of their
new driver IC. So that when it was time to deliver
prototype displays to an OEM manufacturer, they would
be able to have close to final display performance.

Q What would happen if you had an LCD panel
that demanded a certain driving strength and a driver

IC that could not provide the requisite driving

strength?
MR. BERKOWITZ: Objection to form.
A The display manufacturer could search for
other drivers. If the particular company had

in-house capability, they could modify an existing
design. And depending on what type of technology the
LCD active matrix fab had available, they might be

able to come up with a merged solution.
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Q So you understand the hypothetical I'm
presenting, right?

A I think you're arriving at —-- you selected
an IC, you've designed a panel, the two don't work
together and you're proposing putting a buffer at
each output to lower the output impedence as it
appears reflected into the source lines. That's a
pretty far hypothetical.

Q All right. I think you've gone a little
bit further than I had intended. What I'm really
thinking about is an LC panel that has a certain need
for drive strength, right, you talked earlier about
drive strength, and then a source driver has been
provided that does not have the requisite drive
strength.

Now, follow me with this hypothetical.
These two components are assembled together and then
tested. What would happen in the pixel region when
an insufficient drive strength is provided from the
driver IC, how would that affect the display?

MR. BERKOWITZ: Objection to form.

A Well, this is a hypothetical. I think I'd
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want to think about that a little bit more. That's a
good question.

Q Is it possible that the necessary gray
scale would not be achieved within a frame under that
hypothetical?

MR. BERKOWITZ: Objection to form,
relevance, scope.

A Another good question. I'd like to study
that closer and have some discrete numbers, what
driver and what's the active matrix, input
characteristics, what's the timing, what's —-- what's
available. Part of it is the -- I'd like to look at
it. Another good scenario. It's intriguing to me.
I'd like to sit down and examine it.

Q So is it correct that these sorts of things
don't happen in panel manufacturing; is that right?

MR. BERKOWITZ: Objection to form.

Q I'1ll ask the gquestion again.

Is it correct that source drivers and panel
displays are always compatible?
MR. BERKOWITZ: Objection to form.

A The first time they're hooked up, they may
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not function properly. Sometimes some compensation
can be made in other portions of the process.
Sometimes —- there's a range of solutions available
for the —— within the factory that builds the final
LCD modules, the TFT array, driver chips, the
backlight, and that gets sold to an OEM that would
incorporate it in a monitor, television, notebook
computer.

0 So you mentioned that the first time these
components are connected together they may not
function properly. Is it possible that the image may
decay during the frame because voltage isn't
maintained?

MR. BERKOWITZ: Objection to form.

A There is a whole array of wvisual artifacts
in displays and they're called by fairly creative
terms and they're certainly not uniform across the
industry. In fact, I worked at one place where
within the factory there were two buildings and both
buildings called visual artifacts by different names.

So your description of graying and

decaying, I wouldn't even hazard a guess as to what
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that would look like. The only way to look at visual
artifacts is with a pair of eyeballs. Words never do
it justice.
MR. BERKOWITZ: What time you think you're
going to break for lunch?
MR. HELGE: That's what I was just
wondering.
Q Mr. Marentic, do you want to take a break
or do you want to go a little bit longer?
A Maybe another five, ten minutes.
(PREVIOUSLY MARKED Deposition Exhibit 1009
marked for identification and was attached to the
transcript.)
Q Mr. Marentic, I'm going to hand to you

what's already been marked as Sharp Exhibit 1009 in

this case. Does this document look familiar to you?

A Yes.

o] And what is this document?

A This was Exhibit 9 in my declaration.

0 So you reviewed this document in
preparation for your declaration. Is that right?

A For the declaration, yes.
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0 But you didn't review it again in
preparation for deposition, right?
A Correct.
0 Do you recall who found this reference when
you were preparing for your declaration?
MR. BERKOWITZ: Objection to the form,
relevance.
A This was provided to me by ARE.
Q Do you see three inventors listed on the
cover page up near the top left?
A Yes, I do.
Q Do you know any of those inventors?
MR. BERKOWITZ: Objection, relevance.
A I don't recognize any of those three
individuals.
Q Do you know Patrick Burns at Greer Burns &
Crain, Ltd.?
A I don't believe I —-
MR. BERKOWITZ: Objection, relevance.
0 I'm sorry, Mr. Marentic?
A I don't believe so.
Q Can you please turn to Page 10. The bottom
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of Page 10, left-hand side we have Paragraph 8 which

then continues up to the top of the right-hand

column.
Do you see that?
A Yes.
Q If you are on the top of column 2, the

right-hand side about five lines down, there's a
sentence that begins with the word "especially."

Do you see that?

A Yes.
Q Do you see that that sentence -- I'm going
to read a portion of this out loud: "Especially

along the upsizing of the screen the number of the
driver ICs will be increased."
Did I read that correctly?
A Yes.
0 Is that always the case?

MR. BERKOWITZ: Objection to form.

A We've talked earlier about increasing the
screen size. This is another one of those imprecise
terms. Screen size can relate to physical diagonal

or the screen size can refer to the addressability,
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the number of pixels by the number of pixels.

0 So, Mr. Marentic, is it true that changing
the size of the screen does not necessarily require a
change in the number of driver ICs?

MR. BERKOWITZ: Objection to form.

A Changing the screen physical size slightly
would not require a change in the number of ICs.
Changing the screen size considerably, doubling it,
might require different ICs, and those different ICs
may have a different number of outputs. So there
would need to be a different number of driver ICs
along the edge.

0 So your conclusion about the differing
number of driver ICs along the edge is dependent upon
the required number of outputs, right?

MR. BERKOWITZ: Objection to form.

A It's based on the matching of the output
characteristics of a driver to a line —-- source line
of an LCD with a TFT array and, similarly, that would

be the case for the gate side also.

So there's no -- my sense is you want a
yes/no answer and there is no yes/no answer. These
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are tradeoffs that are made based on requirements of
what does the panel need, what can the IC drive.

If the ——- 1if the panel were to grow left to

right, it would be a case where extra ICs would be
added and they would be the same as the ICs on the
original section of the panel.

0 Why would you need those extra ICs if the
number of scan line —-- excuse me -- if the number of
data lines has not changed?

A I assumed the number of data lines was
changed so the format of the display was 800 lines
left to right and that was increased to 1,024 kind of
number. It would be normal to take the same IC that
was driving the 800 and apply more of them so that
you got to the 1024 number of driven lines, and that
would be just using the same driver IC, driving the
same source line, except there are additional source
lines, and there would be no unexpected changes in
the performance.

0] Sir, if you had two panels of different
physical dimensions but both with 800 source lines,

those two panels could have the same number of driver
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ICs, correct?
MR. BERKOWITZ: Objection to form.
A In one case they could and in one case they
might not.
Q Do you see Paragraph 6 on the left-hand

side, last sentence? I'm going to read this allowed:
"Therefore, in order to drive many gate bus lines and
the source bus lines on the display circuit board,
the plurality of the gate drivers and source drivers
must be connected to the area around the liquid
crystal display panel."

Do you see that?

A Yes.

0 Do you agree that if the number of source
lines can be provided by one driver IC, then you
wouldn't need a plurality of source drivers?

MR. BERKOWITZ: Objection to form.

A It depends what the electrical load of the
TFT array is, both the source line and the gate line,
and it would depend on what was available for source
drivers and whether that source driver was suitable

for driving each of those.
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MR. HELGE: Probably good time to break.
Off the record at 12:41.
(A lunch recess was taken.)
MR. HELGE: We're back on the record 1:36.
BY MR. HELGE:
Q Mr. Marentic, I'm going to hand you —-
A Could I go back to the last couple of
minutes prior to lunch?
0 Okay.
A We had talked about the Sekido and you read

a single sentence outside of Paragraph 8, and
generally this patent is for reduction in
electromagnetic interference or EMI or they call it
electromagnetic wave. And there is a description in
Paragraph 8 that the higher resistance and
capacitance and the lack of ground wiring means that
when the service signals to the source drivers and
gate drivers go at frequencies that are required,
there's a lot of electromagnetic noise, and that's a
concern with all flat panel displays. Liquid crystal
displays are not unique, but the paragraph that you

—-— or the sentence you read, especially along the
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upsizing of the screen, the number of driver ICs 1is
increased and further the signal lines for
propagation of the signal clock and control becomes
longer so that power consumption in the
electromagnetic wave is increased. So it generally
as a display has a larger number of lines and if you
define the number of lines as the display size, as
more and more ICs are added, there will be more
parasitic capacitance and resistance to deal with and
more of the EMI.

So I think there was questions along the
line of a screen and upsizing the screen, what does
that mean. The upsizing the screen could be physical
size or the addressable matrix size. If the one axis
were to increase in size, then it would be normal to
add extra driver ICs onto it and with that would come
more electromagnetic interference.

There was also some discussion on the
strength of the driver ICs and the requirements of
the panel. There isn't a hard threshold where if you
add another line suddenly the displayed performance

deteriorates to unusable. It's a gradual change.

62
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And there may be some applications where for a low
cost product that might be acceptable.

So that's a long-winded explanation of —--
it's a complex trade space and there's many design
options that are available. If a product is late for
introduction, there could be some accommodations
elsewhere in the liquid crystal gap, in the liquid
crystal chemistry or with some other wiring changes
in the timing controller to make it meet the end
customer's requirements.

Q So matching a driver IC with a panel
requires compatibility of many different factors,
right?

A Many different factors. However, it is
common if a factory has an existing supply chain of
drivers coming in and a notebook manufacturer comes
to them and says we would like to have this size
panel, would you be able to do it, and they'll look

at it and possibly use the same drivers even though

it's larger. They would add more drivers.
Q If necessary, right?
A If necessary, yeah.
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0 And they would look at more than just the
panel size to determine if a driver was compatible
with a panel array?

A The matrix size would be of paramount
importance and then the load of each source line
presented to the driver would need to be considered
and then also the end customer's requirements. Some
customers have LCD technologists on their staff and
they have a series of tests that they look for
artifacts. Other display ——- other OEM manufacturers
will just take a display at the lowest price they can
get and put it out into the marketplace. So there's
a range of what OEM users will accept.

0 Mr. Marentic, why don't we take a look at
Exhibit 1007 here.

(PREVIOUSLY MARKED Deposition Exhibit 1007
marked for identification and was attached to the
transcript.)

@) Mr. Marentic, does this document look
familiar to you?

A This is my declaration from last March on

the '550 patent.
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Q So if you turn to the last page of this
document, that's your signature there?

A Yes, it is.

0 And you read this entire document before
you signed it, right?

A Yes, I did.

Q And you read the entire document in
preparation for this deposition, correct?

A I did. I concentrated principally on the

arguments of obviousness of Sharp and Kamizono.

Q Why did you focus on that portion of the
declaration?
A Because the Patent Trial and Review Board

instituted the review based on those two prior arts.

Q You're free to reference this document if
you'd like in answering the question, but what is it
that's missing from Sharp that we then look to
Kamizono to provide in this ground that's been
instituted by the board?

MR. BERKOWITZ: Objection to form.
A I believe Sharp shows everything, also

noteworthy it was ten years prior, but if an argument
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is made that somehow Sharp doesn't adequately teach
multiple driver ICs, then Kamizono clearly shows
multiple driver ICs and describes how to mount and
rework those.

Q So is it correct that we're only relying on
Kamizono to provide the plurality of driver ICs; is
that right?

MR. BERKOWITZ: Objection to form.

A No, I believe Sharp shows everything, but
if an argument is made that it doesn't, then there's
no question that Kamizono does.

Q You understand that the board did not
institute on the ground based solely on Sharp,
correct?

MR. BERKOWITZ: Objection to form.

A Would you ask that again, please.

Q You understand —-- I'll say it one step at a
time.

You understand that there was a ground
presented against claims of the '550 patent based
solely on Sharp, correct?

MR. BERKOWITZ: Objection to form.
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A There was -- again, I'm sorry. The
question again?

Q Well, you're referring to Paragraph 5 of
your declaration, correct?

A Yes.

Q And do you see Paragraph 5a where there is
an anticipation argument based on what's called the
Sharp reference or Exhibit 1002? Do you see that?

A I do, and I was questioning whether you
were including anticipation as invalidation or
obviousness, and my ear wasn't attuned to it.

0 Understood, understood. So you see
Paragraph A is an anticipation argument based on the
Sharp reference and Paragraph B is an
obviousness-based argument in view of the Sharp
reference, correct?

A I do.

0 You understand that the board did not
institute on those two challenges, correct?

MR. BERKOWITZ: Objection to form.

A The board did not rule that those were not
good arguments. They just chose to implement on
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Sharp and Kamizono. I don't see Claims 1 through 5
are invalid as obvious.

Q I'm sorry, can you explain your last
sentence? You don't see that Claims 1 through 5 are
obvious?

A The board ruled that this case should
pursue Claims 1 through 5 invalidity as obvious in
view of Sharp and Kamizono. The others, A, B and D,
were just passed over.

0 Okay, that's fine.

So I want to come back to something you
said earlier, which was, if an argument is made that
Sharp doesn't disclose everything, then it's in
Kamizono. What I want to understand is what you mean
by argument.

A So, for instance, my Paragraph 130 shows
that Sharp shows path to an integrated gate driver,
as is required by the fifth claim, and Kamizono also
shows and discusses an integrated gate driver. So
both of those could be used for Claim 5.

Also, Paragraph 98, the Sharp reference

anticipates Claims 1 through 3.
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Q Mr. Marentic, you understand that ground
has not been instituted by the board, correct?

A You're correct.

Q Can I ask you to turn to Paragraph 148 —-
actually 147 as well. Do you have those there?

A I do.

0 Why don't you read through 147 and 148 to
yourself and let me know when you finished.

A Okay, I've read both of those.

Q So based on those paragraphs, or any other
portion of your declaration, what modification are
you proposing to the Sharp reference based on
Kamizono?

A It's not a modification, rather —- or an
argument made that somehow Sharp shows only one
source driver, Kamizono extends that to show that
were it not obvious, there is documented a method of

Kamizono to extend that and use multiple driver ICs.

Q So you're not proposing a modification to
the Sharp reference based on Kamizono. Is that
right?

MR. BERKOWITZ: Objection to form.
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A I'm not suggesting that Sharp reference
needs to be modified. I believe the Sharp reference
shows multiple drivers, which is what's required in
Claim 1 and 2 of the '550. I believe the Sharp
reference teaches multiple drivers, multiple gate
drivers, multiple source drivers, and that somehow if
an argument was made that Sharp only taught a single
driver with multiple outputs, then Kamizono would
teach that you could take multiple ICs each with
multiple driver outputs and put them on the edge of a
panel.

Q So are you relying on Kamizono solely for
the number of driver ICs that are shown?

MR. BERKOWITZ: Objection to form.

A No. If —-—- I believe Sharp shows multiple
drivers, as required in Claims 1 and 2, but should
driver be argued that is Sharp only shows one driver
for some reason, I would disagree with that. Then
Kamizono clearly shows that for an LCD you could have
multiple drivers.

Q So are you using Kamizono solely for the

definition of driver?
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MR. BERKOWITZ: Objection to form,
foundation.

MR. HELGE: How is that a foundation
objection?

MR. BERKOWITZ: 1It's not clear what claim
you're talking about.

MR. HELGE: I'm talking about ground 3
based on Sharp and Kamizono, which applies to all
Claims 1 through 5.

0 I want to understand, Mr. Marentic, exactly
why you need Kamizono. As I understand your
testimony now —-- and we don't have to go through it
again if it's the same testimony —-- but as I
understand it right now, the only reason you're
looking to Kamizono is for the number of drivers
shown in the reference.

Is that correct or not?

MR. BERKOWITZ: Objection to form.

A No.

Q What else are you looking for from
Kamizono?

A I believe Sharp shows multiple drivers —--
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Q You understand that the board did not
institute on ground 1 based solely on Sharp, correct?

MR. BERKOWITZ: Objection to form.

A I do.

Q So what else are you relying on Kamizono
for?

A There is the plural/singular of what

driver, drivers, plural, means and there's also
ambiguity as to what a driver means. Is a driver an
output or is a driver an IC or a collection of
circuitry?

So if an argument is made that somehow
Sharp only shows a driver, I disagree with that, but
if an argument is made that Sharp only shows a
driver, then Kamizono teaches that you can put
multiple drivers on a panel edge were that not
obvious to a person having ordinary skill in the art
in 2004, and I believe that would have been
self-evident. You have more lines, you need more
circuitry to drive the lines, and you can use driver
chips with more outputs, you can use more driver

chips. 1It's a design tradeoff based on cost,
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performance, time to market.

0 But you're not looking to modify Sharp with
Kamizono at all. Is that right?

MR. BERKOWITZ: Objection to form.

A I believe Sharp teaches everything that's
necessary to invalidate Claim 1 and 2, but should an
argument somehow be made that Sharp only shows a
driver, then I rely upon Kamizono to demonstrate that
you can have multiple drivers on a panel edge.

Q How would the Sharp reference implement
multiple drivers in the panel edge?

MR. BERKOWITZ: Objection to form.

A I believe it already shows multiple
drivers.
Q So it's your testimony that you don't need

Kamizono to reach Claims 1 through 57
MR. BERKOWITZ: Objection to form.
A It depends on the final resolution of what
a driver is, and if a peculiar argument is made that
somehow Sharp does not show multiple drivers, and I
disagree with that, then I would use Sharp in

combination with Kamizono to show that one having
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ordinary skill in the art in 2004 would be able to
very easily understand you could put multiple drivers
on a glass edge and increase the addressability size
of an LCD active matrix display.

Q And to put multiple drivers on the driver
edge, would that look like what's in Kamizono —-- in
Kamizono's figures?

MR. BERKOWITZ: Objection to form.

A It could, depends what the interconnect
technology is. Or in the case of 4 and 5, what the
gate structure looks like.

@) Mr. Marentic, you've said a number of times
that if an argument is made, you would look to
Kamizono to show that you can use multiple driver
ICs. Did I understand that testimony correctly?

A Yes, I believe I've tried to be consistent
and say the same thing multiple times.

o] It's almost like you had it memorized.

A I feel a little stressed and I feel the
need to be very precise and I like my first answer,
so I see no need to deviate from it.

Q So let me ask you this. TIf an argument is
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not made about the number of drivers in Sharp
reference, is there any need to look to Kamizono?

MR. BERKOWITZ: Objection to form.

A It just adds for Claims 1, 2 and 3 an extra
layer of insurance, and then for Claims 4 and 5
Kamizono was relied upon for the integrated driver
and the chip on glass.

Q And the insurance that you're talking for
Claims 1, 2 and 3 relates to the number of drivers
only. Is that right?

A It relates to what a driver is, and there
can be some future definition of what a driver is.
And I believe no matter what definition, the '550
Claims 1, 2 and 3 are invalid as are 4 and 5.

Q So Mr. Marentic, I just want to make sure I
understand what you're saying.

Kamizono is being used for insurance to
show that multiple driver ICs could be used for
Claims 1 through 3. And your testimony on that has
been that if an argument is made about the number of
drivers shown in Sharp. And so if no argument is

made about the number of drivers in Sharp, do we need
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to look to Kamizono at all —--
MR. BERKOWITZ: Objection to form.
0 —— for Claims 1 through 37

MR. HELGE: I understand that's
objectionable.

MR. BERKOWITZ: I have other grounds for it
but

A If I refer to my claim chart at the top of
56, for instance, Claim 1, the requirement is that M
groups of data lines connected to source drivers and
insulated with each other, and then they go through
and describe this even/odd combination. So the Sharp
reference discloses groups —-- two groups of source
bus lines connected to source driver 71.

Then reading on, the groups of the data
lines are insulated with each other by being spaced
apart from and parallel to each other. The first and
the second source lines —- source bus lines 5 of the
first group of source bus lines are respectively
connected with the sources of all of the thin film
transistor 7 on the even and odd rows and similarly

the first and second bus lines 5 of the nth group are
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respectively connected, and it goes on.

So I believe Sharp anticipates the
structure that was described in the '550 patent by a
long time, and then additionally Kamizono describes
signal lines connected to multiple driving ICs.

So it's really the —— I'll leave it at
that.

Q So in this chart for Claim 1 you rely on
Kamizono for multiple scan line driving ICs and
multiple signal line driving ICs, and that's all I
see. Are you relying on those for anything else —-
excuse me, are you relying on Kamizono for anything
else?

A In Claim 1, later on the second page, yes,
I'm relying on Kamizono as it's described in the
claim chart to demonstrate that the '550 is
anticipated by the Sharp in combination with
Kamizono.

Q Is there anything that you've left out of
this claim chart for your reliance on Kamizono?

MR. BERKOWITZ: Objection to form.

A I don't believe so. Both are —-- actually
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all three references are for larger video displaying
LCDs and both the Sharp and the '550 patent relate to
overcoming certain visual artifacts and both describe
this even/odd gate combination, and Kamizono also
describes how to apply multiple ICs in the case of
the larger displays for video, television.

Q And you're not relying on Kamizono to
modify Sharp reference at all. Is that right?

MR. BERKOWITZ: Objection.

A I'm relying on Kamizono to —- let's look at
Kamizono, Figure 15 —— I could find it faster in
Kamizono.

Kamizono shows multiple drivers should a
driver be defined as an IC and each IC has multiple
outputs.

Q And so are you proposing a modification to
the Sharp reference based on that teaching?

MR. BERKOWITZ: Objection to form.

A I'm not suggesting that the Sharp reference
be modified at all.

Q So are you relying on Kamizono to disclose

what is meant by the term driver?
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MR. BERKOWITZ: Objection to form.
A No. I believe —-- we discussed earlier the
ambiguity not only in the '550 but in the industry of

precisely what a driver means.

Q And you stand by that prior testimony,
right?

A I do.

Q Can you turn to Paragraph 149 of your
declaration, please. It's on Page 52. You see that

paragraph there?

A Yes.

Q In the second sentence you state,
"Moreover, for the reasons discussed above, there was
a clear motivation to combine these references."

What did you mean by "clear motivation"?

A Both were directed to larger active matrix
displays that were used for video images, television,
DVD playback, suitable for family viewing. There was
a need in the marketplace to increase the size in
2004. 1In 2004 plasma was able to easily achieve
larger diagonal displays. Liquid crystal industry at

that time was a little behind, and as they tried to
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increase the size physically and addressability,
there were difficulties that were encountered. And
true to the liquid crystal industry, the engineers
came up with a number of techniques to overcome
these.

Sharp describes one of the techniques of
hooking up the TFTs in alternating rows as one
technique for an apparatus to get rid of —-- or help
eliminate visual artifacts.

There was a market need, there was
competition by plasma, there were artifacts as you
increase the size of the screen in both physical size
and in addressability, and those needed to be solved.

As I say in the first sentence, Kamizono
teaches the use of multiple source and gate drivers,
as does the Sharp reference, and the Sharp reference
discloses all the other limitations of Claims 1
through 3, as shown in the above claim charts.

So, thus, to the extent that the Patent
Owner argues that the Sharp reference does not teach
multiple gate and multiple source drivers, which is

contrary to my opinion as we've discussed here quite
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a few times, I believe that, as a minimum, Claims 1
through 3 of the '550 patent are obvious over Sharp
in view of Kamizono.

So there was a motivation to combine of
adding extra ICs for a larger addressable display
matrix size and it would have been well within a
person having ordinary skill in the art in 2004 to
add extra drivers, and were that not just obvious
from prior work, one could look to Kamizono.

I believe that, in my experience, if you
need extra lines driven, you get extra ICs. I came
across that in college in the sixties and, as an
example, if there was a quad NAND gate and you needed
a bus of eight bits, you would use two quad NAND
gates. It just was taught in school, it would have
been obvious. And if some kind of argument is made
that somehow Sharp does not teach multiple drivers,
that somehow they teach only one driver with multiple
outputs, then Kamizono, as a minimum, teaches the
commonsense that you would add more drivers to extend
that addressable matrix size.

Q Do you know the priority date for the Sharp
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reference?
MR. BERKOWITZ: Objection to form.
A I could look through here and find it. I
know I wrote about it in the reference. My

recollection is it was about a decade earlier, but
let's find the precise date.

Q Do you want me to give you the reference?
You can just talk about Sharp if you'd like.

A Show me what paragraph --

0 Well, this is Exhibit 1002.

(PREVIOUSLY MARKED Deposition Exhibit 1002
marked for identification and was attached to the
transcript.)

A There's some legal items in terms of
priority date that I'm not that familiar with. I'd
like to find out what I wrote in the Sharp reference.

) Well, Mr. Marentic, I'll withdraw that
question about the priority date because I'm not
concerned about the legal implication. If you look
at Exhibit 1002, second page, does this —- this looks
like the Sharp reference to you, correct? Let's

confirm that first.
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A Yes, this is the Sharp reference.
0 If you look at the middle of Page 2 on the

left-hand side, do you see a filing date there?

A Yes.

0 What date is that?

A That date is May 10, 1995.

@) And in the 1995 time period what was the

maximum size for an LCD panel?

MR. BERKOWITZ: Objection to form.

A In the '95 time frame LCDs with TFT arrays
were principally used in notebooks, the largest
market share was for notebooks. There was the start
of some displays getting larger and used for
monitors. They cost a premium over an old CRT, and
there were some of the companies showing television
at technical conferences.

So there's what was manufactured in volume,
what was specialty manufactured that would be used as
learning so that it could ramp up later into other
product lines, and then there was what was cooking in
the back lab in the R&D group.

So your question of what's the largest is

83
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kind of ill-defined.

Q Well, with those three categories that you
just mentioned, basically a commercially available
panel and then sort of —— I take that as being for
notebook computers maybe 15 inches, do you think?

MR. BERKOWITZ: Objection to form.

A I don't recall precisely, but XGA was a
very popular size.

0 And what is XGA?

A 1024 by 768.

Q That's a pixel dimension, right?

A That's an addressability dimension.

Q Would you call that a resolution?

A There were a couple of lawsuits over what's
resolution with an LCD display. It is —- the best
technical term is the addressability size.

0 Do you recall in the 2004 time frame how
many lines were contained in your standard high
definition LCD panel?

MR. BERKOWITZ: Objection to form, scope.

A I don't recall exactly but there would
still be these same categories: What was sold to the
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mass market still at a premium, what was sold to the

enthusiasts where price is really not an object, and

then what was available in the R&D facility and shown
in technical conferences, and I

0 In the 2004 time frame were there LCD
panels being manufactured with addressability numbers
of 1024 by 7687

A Yes.

Q And so that number means that in 1995 an
XGA panel would have the same number of scan lines
and signal lines as an LCD panel in 2004 having the
same addressability, correct?

MR. BERKOWITZ: Objection to form.

A In 2004 at the time of the '550 patent,
there was this even/odd configuration of rows. So
that would require additional drivers on the source
side to drive each and every row —— I'm sorry —-—
additional source drivers to drive every other column
or source line of the TFT array.

Q But isn't that what's shown in the Sharp
reference too, even/odd —--

A It is, the wiring of the pixels was the
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same on the TFT array size.

Q So the number of signal lines in an XGA
notebook monitor having a 1024 by 768 addressability
value in 1995 would be the same as the number of
signal lines in an LCD panel having 1024 by 768
addressability in 2004, correct?

MR. BERKOWITZ: Objection to the form.

A If that was for a notebook panel, yes. If
it were for a video panel, it may have had additional
drivers, as 1is disclosed in the Sharp and as the '550
wires, the TFTs.

Q How come a notebook panel is not a wvideo
panel, according to your words?

MR. BERKOWITZ: Objection to form.

A The notebook panel uses the majority of
Windows or a Macintosh operating system and is for
productivity enhancement, uses an office suite that
includes a word processor, a presentation program, a
spreadsheet, sometimes project management, and these
are stationary images where the data is typed in or a
window collapsed and expanded.

So there is no particular video requirement
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nor an expectation that video would look really good
on LCDs and notebooks.

Additionally, notebooks had a little bit
different color filter, a little bit different
backlight so that the battery life was increased and,
as such, the color gamut wasn't as good as
state-of-the—-art television monitors of today.

So the expectation of showing video on a
notebook is not high.

Q But a notebook display is capable of
displaying video, right?

A Depending on the program, the operating
system, the performance of the rest of the components
in the notebook, you can display video. It would be
—-— one could argue what's acceptable and what's not
acceptable. It would be less technically perfect
when compared to 2004 state-of-the—-art television
monitor.

Q So based on your claim chart that addresses
the combination of Sharp and Kamizono, you're relying
on Kamizono for the number of source drivers and gate

drivers.
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Is that right?

MR. BERKOWITZ: Objection to form.

A No.

Q So you're not relying on Kamizono for the
number of source drivers and gate drivers. Is that
right?

MR. BERKOWITZ: Objection to form. Wait,
hang on a second. You've asked this question a dozen
times today. If you want to keep asking it, you have
to call the board. This is a little bit out of
control.

MR. HELGE: First of all, we know that
today is Veterans Day. I don't think the board is
open. So my question to you is: Are you going to
stop the deposition because I'm asking this question?

MR. BERKOWITZ: I'm not going to stop the
deposition, but this is completely inappropriate,
just for the record. You've asked him at least a
dozen times the same question. He's answered it.

I'm not sure what else you're looking for at this
point. At this point you are harassing the witness.

MR. HELGE: I totally disagree because —-—

88
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MR. BERKOWITZ: Go ahead.
MR. HELGE: -- I'm trying to get a clear
answer.
BY MR. HELGE:
Q You're either modifying Sharp with Kamizono
or you're not?
MR. BERKOWITZ: Are you testifying?
MR. HELGE: I'm asking the question.
MR. BERKOWITZ: Again, if you want to
continue this, we'll bring it up with the board
later.
Q Mr. Marentic, if I ask that question again,

do you have a different answer?

MR. BERKOWITZ: Let me finish. We will

move to strike the rest of this. This is completely
inappropriate. Go ahead.
A I believe Sharp in the paragraph we just

went through that I was searching for earlier —-
Q Are you referring to Paragraph 149 —-
Mr. Marentic, I'll withdraw the question.
Is there any change that you would like to

make right now to your declaration in the ground that
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you are presenting based on Sharp reference and
Kamizono?

MR. BERKOWITZ: Objection to form.
A For Claims 1 through 3, no.
) Let's take a look at Exhibit 1002, Page 18,

this is the Sharp reference.
A 18 of 407
Q That's correct.

Do you see Figure 13 on that page?

A I see Figure 13.

0 Do you see reference numeral 1207

A I see 120.

Q Do you know what reference numeral 120

represents in the Sharp reference?
MR. BERKOWITZ: Objection, relevance,

outside the scope.

A I'd search through the text and try and
find 13 and around it should be ideally 120.

Q Take a look at Page 40, Paragraphs 17 and
18, which are on the top right-hand column.

A My 40 —-

) I'm sorry, Page 4 of 40, top right,
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Paragraphs 17 and 18.

A Okay. Okay, I've read Paragraph 17 and 18.
These refer to another embodiment that I didn't
select. I believe there were eight embodiments, and
the seventh embodiment was the one that was closest.

Q So you're not relying on Figure 13 for your
challenge, correct?

A I don't think so.

Q So element 120, did you see what Sharp
reference refers to element 120 as?

A A transfer circuit.

Q And do you see that element 120 includes a
—— actually a number of triangles, one of which is
referred to as element 118; you see that?

A Yes.

Q And do you know what Sharp reference uses
to describe element 118, what terminology?

MR. BERKOWITZ: Objection, outside the
scope, form.

A Sharp is fairly consistent in their
numbering. I haven't looked at this in a while, but

that 118 they call a buffer circuit, looks to be a
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buffer, doesn't have a little circle on the output,
so I'd say it's a non-inverting buffer.

Q Do you see what Sharp refers to as element
105? It's right below 118 in the figure.

A In this figure they call 105 source bus
lines.

0 Do you understand those to be the source
lines that supply voltage to the TFT matrix?

MR. BERKOWITZ: Objection to form,

relevance, outside the scope.

A I'd like to read through and make sure that

that is the case. Sharp disclosed a number of
different ways of driving source lines in a TFT
array. Some were polyphase clocks, some were, as you
called out in 13, kind of a double sample hold. 9
shows another method where there's a buffer at each
pixel site. There's really a number of things that
they disclose.

In the case of the 105, I'd want to go
through and make sure everything is similar to item
5, which is what's used in Figure 10, which is what I

used in the analysis.
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@) Would it make it easier if I asked you a
question that dealt with item 57
A Yes.
0 Let's take a look at Figures 8 and 9 on
this same page. You just referred to Figure 9
specifically, which shows a buffer circuit 67 in the
pixel region, correct?
MR. BERKOWITZ: Objection to form. Again,
outside the scope.
A What I'm doing is going back and verifying
that 67 is, in fact, a buffer.
Q Are you on Paragraph 1247?
A No, I'm not there yet, but thank you for
the help. Yes, 67 are called buffer circuits.
Q Why would there need to be a buffer circuit
-— I don't want to ask that.
From your professional experience, why
might there be a buffer circuit arranged in each
pixel region?
MR. BERKOWITZ: Objection to form, outside
the scope.
A I'1ll have to read through this a little bit
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closer, but this looks like an embodiment for, again,
a larger area display, higher pixel content, and as
it increased in size there was some visual artifacts.
This disclosure has eight different embodiments. The
one we're looking at is embodiment 6, which is not

the one that I chose for the analysis.

Q So your answer 1is, you don't know the
answer unless you read through. Is that right?
A I'd like to read through and get

comfortable, not speculate.

0 So if you answered now, it would be
speculation about the purpose of a buffer circuit in
each pixel region of Figure 97

MR. BERKOWITZ: Objection to form.

A Well, if we were sitting around coffee and
just talking, I'd be fine speculating or using my
opinion, but since we're in a formal deposition, I'd
like to be really sure of my answers, so I'd rather
not answer. It's also an item that I didn't use in
the analysis of invalidity, and I haven't really
looked at this section closely since March.

Q Let's take a look at Figure 10 on Page 19.

PLANET DEPOS
888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
94 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

Just for the record you're looking at the annotation

of Figure 10 in your declaration rather than Figure
10 in Exhibit 1002, correct?
A I am. It's on my report, Page 29. 1It's

the same figure. It used the Japanese figure. It

seems to be clearer and then expanded and then it was

later annotated. So I can read the numbers, the

small callouts a little bit better.

Q Do you speak Japanese?

A I do not.

Q Do you read Japanese?

A I do not.

Q So you're relying solely on the English

translation for the description of the Sharp

reference. Is that right?
A That 1is correct.
Q Take a look at Figure 10. Do you see

elements 77, 78, 79 and 8072

95

A I do see those.

0 What are those?

A I believe those are buffers.

Q Why are those included in Figure 10, why
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does Sharp include those?
MR. BERKOWITZ: Objection to form.

A For the design they had they thought there
should be a buffer there.

Q What purpose would those buffers provide?

MR. BERKOWITZ: Objection to form.

A Those buffers would charge up the Clc and
the Cs capacitances when each particular TFT is
energized, and they would help reduce a voltage
change as the video image changes. They would help
ensure an accurate voltage as presented to the column
lines —— I think those are 5.

0 At the top of Figure 10 there are three
lines going into element 10: SP, CK and /CK, maybe
inverse CK?

A Bar CK.

0 What do those three elements represent?

A The drive clock is clock and bar clock, the
SP —— I believe they just call it out as a signal
input to the shift register.

Q What do they refer to element 10 as?

A The shift register.
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Q Outputs from shift register go to element
72. Is that correct?
A 72 and T2A.
0 And what is 727
A 72 is a AND buffer, and circuit.
0 What about 72A7
A 72A is an inverter.
0 And the output from 72 leads where?
A It leads to the two sampling transistors 19

and 20 in the case of driver 1, and AND gate 2 the
output leads to sampling transistors 21 and 22.
Q Does it lead to the source of those
transistors?
MR. BERKOWITZ: Objection to form.
A The gate output for the AND output is

connected to the gates at those transistors.

0 Do you see line 737

A Yes.

0 What is that?

A That's the data signals 73 and 74.

Q So the analog voltages that are being

delivered to signal lines 5 are coming from where?
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MR. BERKOWITZ: Objection to form.

A They're coming from the sample hold circuit
29, 24 combination, 25, 20 combination, 21 —-- there's
another sampling capacitor there. It's not on this
figure.

Q Let's focus just on the first column and
that way we don't have to worry about that second
column of capacitors.

Is that okay?
A Okay.
Q So the analog voltages to signal lines 5 in

the first column come from the sample and hold
circuits that you just identified, including a
combination of the TFT and the capacitor in each --
in each line.
Is that right?
MR. BERKOWITZ: Objection to form.
A It comes from transistor 19 and capacitor
24, it's not clear that 19 is a TFT.
Q Where does transistor 19 and capacitor 24
receive the analog voltages that are then to be

applied to signal line 57?
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MR. BERKOWITZ: Objection to form.

A The signal line 73 is sampled when AND gate
1 turns on, it charges capacitor 24 and then the AND
output goes low, the sampling transistor turns off
and the charge is held on capacitor 24.

Q Where does that charge in capacitor 24 come
from during the sampling process?

A Comes from the signal input line —-- or data

signal line 73.

0 And what is element 757

A 75 is —— I believe they call it again a
buffer.

Q Why would there need be a buffer 75 on the

signal line 737
MR. BERKOWITZ: Objection to form.

A We don't know the output impedence that's
driving the input of the buffer nor how far away that
is. So it's not unusual to have a buffer circuit in
that position.

Q So a designer might include a buffer
circuit based on output impedence. Is that right?

MR. BERKOWITZ: Objection to form.
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A They would typically model what the source
is in both frequency and impedence and voltage and
then look at what the load is on the 73 and 74 line
and make a determination as to whether to put that in
or not.

Q And here they decided to include them on
each line?

A They did.

Q Are source lines usually high impedence or
low impedence?

MR. BERKOWITZ: Objection to form.

A It's all relative.

0 Relative to source line 5 —-- let's talk
about the output of AND gate 72. Again, we'll look
at just the first column here.

How would you compare the impedence of that
output line running from AND gate to the gate of the
transistor compared to source line 57

MR. BERKOWITZ: Objection to form.

A The impedence of the output of AND 1 to a
source line, was that your question?

Q No, to the gate of the transistor.
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A Depends on how big they sized the
transistor which will have input capacitance and a

number of parasitic capacitances. Difficult to say

what that impedence looks like. It would need to be

modeled with SPICE and have an accurate voltage

versus capacitance of the gate terminal.

Q You agree that AND gate does not drive an

analog voltage on signal line 5, correct?
MR. BERKOWITZ: Objection to form.
A The AND gate 72 causes the analog signal
line 73 to charge up capacitor 24, and then the
analog voltage is held on 24 as AND gate 1 goes low

and turns off the transfer switch 19.

0 So when transistor 19 turns off, the analog

voltage to be provided to source line 5 comes from
capacitor 24.
Is that right?
MR. BERKOWITZ: Objection to form.
A That voltage is what will be used to —-
will be present on lines 5.
0 And that will be used to drive line 57

A Yes.

101

on
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0 And the capacitor 25 will be used to drive
line 5 of the second signal line in the first column.

Is that right?

A That's correct.

MR. BERKOWITZ: We've been going more than
an hour and a half, so is this a good time for a
break?

MR. HELGE: Off the record at 3:10.

(A recess was taken.)

MR. HELGE: Back on the record at 3:25.

BY MR. HELGE:

Q Mr. Marentic, I'm going to read a sentence
to you. I'm just curious if you agree with this or
not.

"The purpose of the data driver is to
convert serial input into parallel output signals and
provide the appropriate output signals or analog
voltages on to the data lines."

Is that correct?

MR. BERKOWITZ: Objection to form, outside
the scope.

A Could you point me to the reference or read
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it again?

Q Sure. "The purpose of the data driver 1is
to convert serial input into parallel output signals
and provide the appropriate output signals or analog
voltages on to the data lines."

MR. BERKOWITZ: Same objections.

A I think I understand that.

Q Do you agree with that sentence?

A I believe that's a sentence from the Sharp

reference and without more context, I would say I
believe that is the sample and hold technique that
they disclose, but I'd like to look at it closer.
Do you have the reference and line number?
Q Well, I don't from the Sharp reference, but
I'm trying to understand just generally if that is
the purpose of a data driver.
So do you think the answer depends upon the
context, whether that's accurate or not?
MR. BERKOWITZ: Objection to form.
A It could be true in certain cases, and
there might be cases where it's not true.

Q Figure 10 of the Sharp reference does not

PLANET DEPOS
888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
103 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

104
show any digital to analog converters. Is that
correct?

MR. BERKOWITZ: Objection to form.

A Figure 10 of the Sharp reference does not
have digital to analog converters.

0 And why is that?

MR. BERKOWITZ: Objection to form.

A Their driver circuit that they describe in
a good amount of detail is a sample and hold driver
scheme.

Q And that means it doesn't require a digital
to analog converter?

MR. BERKOWITZ: Objection to the form.

A That may be on the left-hand side of the
schematic.

0 So it's outside the picture?

A Outside of the picture. I don't know what
method they used to drive signal buffers 76, maybe 75
and 76. That's somewhere upstream, not relative to
the '550 and the Sharp reference because it's really
about wiring of TFTs to gate, to source drivers.

Q You would agree that the signals on lines
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73 and 74 are analog though, right?
MR. BERKOWITZ: Objection to form.
A The signals on 73 and 74 are described as
video input.
Q Could they be digital signals?
MR. BERKOWITZ: Objection to form.
A They would not be digital signals for
displaying moving TV imagery.
Q Could they be any sort of digital signals
on lines 73 and 747
MR. BERKOWITZ: Objection to form.
A They could be a stepped signal that goes in

256 steps between the voltage to ensure the LCD is
off and the voltage to ensure the LCD is on, or they
may be analog with an infinite number of intermediate
values.

Q So the stepped signal you just described,

is that an analog signal or a digital signal?

A I'd call it an analog signal with certain
characteristics.
Q Looking at Figure 10, do you believe that

there must be a digital to analog converter for each
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signal line 57
MR. BERKOWITZ: Objection to form, outside
of scope.
A I'm not sure what is to the left of Figure
10. That's not described. In fact, I think the
Sharp reference even says not shown here.
Q And you aren't relying on anything that's
not described in Figure 10, are you?
MR. BERKOWITZ: Objection to form.
0 Let's turn this into a positive statement
instead of a negative statement.
You're only relying on what's actually
shown and described in this reference, correct?

MR. BERKOWITZ: Objection to form.

A That's correct.
0 And so ——
A And described in the text, translated text

of the Sharp reference.
0 Understood, understood.
We talked last time you were here about the
theory of inherency and you're not relying on any

sort of theory of inherency based on the Sharp
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reference, are you?
MR. BERKOWITZ: Objection to form.

A I don't believe so. The inherency is an
anticipation situation and this is an obvious
argument.

Q When you were providing your analysis in
your declaration, did you consider the burden of
proof in reaching any of your opinions?

MR. BERKOWITZ: Objection to form.

A I didn't have to.

0 Why is that?

A Because it was clear-cut. There was no
need to have a imaginary scale and make sure that I
had 51 percent on one side and 49 on the other. It
was clear-cut, straightforward.

Q Can you turn to Paragraph 64 of your
declaration. Do you see that paragraph,

Mr. Marentic?

A 64, yes.

0 Do you see that what you said here, "Most
of the terms of Claims 1 to 5 of the '550 patent are

clear to me except for the following terms"? Did I

PLANET DEPOS
888.433.3767 | WWW PLANETDEPOS.COM

IPR2015-00887
Exhibit 2006
107 of 272



10

11

12

13

14

15

16

17

18

19

20

21

22

Deposition of Michael J. Marentic
Conducted on November 11, 2015

108
read that correctly?

A Yes.

Q And after that you then provide some
opinions on a couple of different terms, right?

A Yes.

Q Are you performing claim construction
there?

MR. BERKOWITZ: Objection to form.

A I'm providing an opinion to clarify those
terms.

0 And that opinion is what those terms mean
to you. Is that right?

A Yes. And what they would mean to someone
having an ordinary skill in the art in 2004.

Q And the standard of a person having
ordinary skill in the art in 2004 is described in
your Paragraph 74, correct?

A Yes.

Q And in that first sentence of Paragraph 74
you talk about a person of ordinary skill in the art
having an undergraduate degree in electrical
engineering or equivalent work experience, correct?
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A Correct.

0 So someone with a different degree may
still have work experience that then satisfies the
requirement of this standard, correct?

A That's correct, or it could be someone that
was in the Navy and went through a series of Navy
technical training schools that would have not a
conferred bachelor degree but would have enough
experience to be an electrical engineer.

Q Would that equivalent work experience need

to cover all facets of electrical engineering
training or could it be focused on LCD technology?
MR. BERKOWITZ: Objection to form.

A It's probably varied work experience, but
some of it in gaining the equivalent of an electrical
engineering degree would need to be in that field, in
addition to later the experience of two to five
years.

So, for instance, a person would need to be
able to generate a schematic, plug in values, maybe
with help have parasitic values and then run SPICE

simulations.
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Q That's an example of equivalent work
experience?
A That would be some of the -- an example of

the specialized training that perhaps is not peculiar

to just LCD training but to general equivalent work

experience.

Q Equivalent to electrical engineering?

A To an equivalent EE degree, yes.

Q If you look at Paragraph 79, top of
Paragraph 79 —— I'm sorry, top of Page 28, do you see
that?

A Yes.

Q You say, "As of the filing date of the '550

patent workers in the field of LCD devices were aware
of several developments."
What do you mean by workers?

A Person having ordinary skill in the art at
the time of 2004, not the people that mount driver
chips to the edge of an LCD.

Q Could you please turn one more page —-—
you're already there actually, Page 29. In this

Figure 10 the drivers that you're identifying are
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defined by dotted lines and shaded areas.
Is that correct?
A Correct, my copy is black and white, but
the original is colored, orange and purple, red and
green.
0 And those are the boundaries of the drivers

that you're identifying, correct?
A Correct.

MR. HELGE: No other questions.

MR. BERKOWITZ: So let's take five minutes
and see if we have anything else.

MR. HELGE: So we'll be off record, 3:41.

(A recess was taken.)

MR. HELGE: Go back on the record at 3:47.

MR. BERKOWITZ: I have no questions for the
witness.

COURT REPORTER: Do you want a copy of the
transcript?

MR. BERKOWITZ: Yeah, there's no rush on
it, no emergency at all.

MR. HELGE: Actually, there kind of is.

MR. BERKOWITZ: We might need it, though.
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MR. HELGE: We'd like it by —— we'll take a
final by Friday. Are you reserving the right to have
Mr. Marentic review and sign?

MR. BERKOWITZ: Yes, of course.

MR. HELGE: We are off the record at 3:48.

(Time noted: 3:48 p.m.)

MICHAEL J. MARENTIC

Subscribed and sworn to
before me this day

of , 2015.

Notary Public
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CERTIFICATE OF SHORTHAND REPORTER - NOTARY PUBLIC

I, Nancy Mahoney, Certified Court Reporter and
Registered Professional Reporter and Notary Public
within and for the State of New York do hereby

certify:

That Michael J. Marentic, 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,
Sharp Corporation, was represented by counsel at the

deposition.

I further certify that the deposition of
Michael J. Marentic, occurred at the offices of
Amster Rothstein & Ebenstein, on Wednesday, November

11, 2015, commencing at 10:30 a.m. to 3:48 p.m.
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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.

IN WITNESS WHEREOF, I have hereunto set my hand

this 12th day of November 2015.

My commission expires:

June 10, 2018

NOTARY PUBLIC IN AND FOR THE

STATE OF NEW YORK
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(54)  [Title of the Invention] Display 2
Device se \ }u
(57)  [Abstract] /EE
[Constitution] After the same data signals 17l 402|402 1108 Joi0a 0a
from a data signal line 12 are supplied to 1 Y6
three data signal lines 16 to 18 via buffer 5 i
circuits 13 to 15, they are supplied to pt o
sampling switches 19 to 23 of a sampling \ 1__8
hold circuit 11. The data signals sampled by 5
the sampling hold circuit 11 are supplied to 19..5/;“ m/j— 21’3—12'3‘?3’
source bus lines 5.... H
[Effect] Because it is possibie to correctly 1 h_—}l —'L ESERE
sample data signals with little corruption or i a7 |2 |=] | s
noise, high-resolution dispiay with limited i3 S - e

o
o

ol R
ol

decrease in the horizontal resolution and H i
decrease in the display quality becomes
possible,
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[Claims]
[Claim 1] A display device provided with a plurality of
data signal lines by which data signals are respectively
supplied,

a plurality of sampling circoits by which the daia
signals suppiied from the plurality of data signal lines are
respectively sampled,

a plwality of data bus lines respectively
connected to the plurality of sampling circuits,

"a plurality of pixel units that are both connected
to the plurality of data bus lines and arranged in matrix
form, and

a drive circuit including the sampling circuits and
that drives the data bus lines, wherein

at least two of the plurality of data signal lines
have the same data signals supplied and are connected to
different sampling circuits via respectively different buffer
circuits.

[Claim 2] The display device according to claim 1,
wherein of the plurality of sampling circuits, the sampling
circuits for which the timing of the sampling is
synchronized are both connected to respectively different
data signal lines and have no time overlap of the ON time
of the respective sampling circuits.

[Claim 3] The display device according to claim 1 or 2,
wherein the buffer circnits are formed on the same
substrate as the sampling circuits.

[Claim 4] A display device provided with a plurality of
data signal lines by which data signals arc respectively
supplied,

a plurality of sampling circuits by which the data
signals supplied from the plurality of data signal lines are
respectively sampled,

a plurality of data bus lines respectively
connected to the plurality of sampling circuits,

a plurality of pixel units that are both connected
to the plurality of data bus lines and arranged in matrix
form, and

a drive circait that includes the sampling circuits
and thal drives the data bus lines, wherein

the data signal line is divided into a plurality in
the horizontal direction of the display, and each divided
signal line is connecied to sampling circuits via
respectively different buffer circuits,

[Ciaim 5] A display device provided with a plurality of
data signal lines by which data signals are respectively
supplied,

a plurality of sampling circuits by which the data
signals supplied from the plurality of data signal lines arc
respectively sampled,

a plurality of data bus lines respectively
connected to the plurality of sampling circuits,

a plurality of pixel units that are both connected
to the plurality of data bus lines and arranged in matrix
form, and

) Unexamined Patent Publication H08-305322

a drive cireuit that includes the sampling circuits
and that drives the data bus lines, wherein

of the plurality of pixel units, respectively
different data bus lines are connected to the plurality of
pixel units adjacent in the column direction. and the same
sampling circuits are connected via the buffer circuits to
these data bus lines.
[Claim 6] The display device according to claim 1, 2, 3, 4
or 5, wherein the drive circuit and the image display unit
comprising the plurality of pixel units are formed
monolithically on the same substrate,
[Detailed Description of the lnvention}
[0001] [Field of Industrial Use] The present invention
relates to a display device such as a liquid crystal display
device or the like.
[0002] [Prior Art] Conventionally, display devices, for
example, as shown in FIG. 12, liquid crystal display
devices (hereafter called LLCD) have been constituted by a
display unit 101 having a plurality of pixel units (04...,
and a source driver 102 and a gate driver 103 as a drive
circuit for driving each pixel unit 104.
[0003] Each of the pixel units 104... is respectively
arranged at a place at which a phirality of source bus lines
105... connected to the source driver 102 and a plurality
of gate bus lines 106... connected to the gate driver 103
intersect orthogonally. Thus, the arrangement of the pixel
units 104 ... is in a matrix form in the display unit 101,
[0004] Also, a pixel unit 104 is constituted by a pixel
transistor 107 formed from TFI (thin film transistors),
pixe! capacity 108 and additional capacity 109; the gate
terminals of pixel transistor 107 are connected to gate bus
line 106, source terminals are connected to source bus line
105, and drain terminals are connected to pixel capacity
108 and additional capacity 109.
[0005] Source driver 102 is constituted by shift register
110, and sampling switches 111 formed from transistors,
sampling capacitors. 112, data signal lines 113 and the
like; sampling hold circuit 114 is formed from the above
sampling switches 111, sampling capacitors 112, data
signal fines 113, and source bus lines 105.
[0006] Start pulses (SP) and drive clocks (CK, /CK) input
to the shift register 110, and the input SP are sequentially
shifted according to the CK and /CK and output to
sampling hold circuit 114,
[0007] Gate driver 103 has a shift register 115 and
sequentially outputs scan signals to each gate bus lines
106....
[0008] Furthermore, when the above display unit 101,
source driver 102, and gate driver 103 are formed
monolithically on the same substrate, there are cases when
only display unit 101 is formed on the insulated substrate.
00097 Here we will describe the operation of the displace
device with the constitution noted above. First, the SP
input to the shift register 110 of the source driver 102
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is sequentially shifted by CK and /CK and output to
sampling hold circuit 114, and become the sampling
pulses Tor sampling hold circuit 114. Then, sampling
switeh 111 goes to an ON state by means of the input
sampling pulse, and the data signal of data signal line 113
ar the point in time that this sampiing pulse is input is
sampled.

[0010] Then, the data signal sampled by the sampling
pulse is beld in sampling capacitor 112 and output 10
source bus line 105 as a source bus line signal.

[0011] Meanwhile, the output of each digit of shift
register 115 of gate driver 103 is output as scan signals
(gate bus line signals) sequentially to gate bus lines
106..., pixel transistors 107 connected to selected gate
bus lines 106 turn ON, and the source bus line signals at
that point in time are sequentially written as image data to
pixel capacity 108 and additional capacity 109.

[0012] Then, by driving the liquid crystal corresponding
to each pixel unit 104, the desired display is achieved.
[0013] Therefore, with the LCD of the constitution noted
above, as described above, source driver 102 uses the
panel sample hold method by which image data is held on
the display unit 101 side, With an LCD having this kind
of source driver 102, when the number of pixel units 104
in the horizontal scan direction becomes high, the image
data write time is different for pixel unit 104 connected 10
the least significant digit of the shift register 110 and the
pixel unit 104 connected to the most significant digit.
Because of this, it is possible to make the image data
write time longer with the pixel units 104 connected
the upper digits of the shift register 110, but there is the
problem that it is not possible to have sufficient image
data write time with the pixel units 104 connected to the
lower digits.

[0014] In light of that, to solve the probiems noted above,
we propose an LCD that uses a driver sample hold
method source driver by which image data is held on the
source driver side.

[0015] In the following, we will describe an LCD that
uses the source driver of the driver sample hold method
noted above. Furthermore, this LCD, with the exception
of the source driver, has the same display unit 101 and
gate driver 103 as that of the L.CD shown in FIG. 12;
therefore, in this description, we will describe only the
source driver of the driver sample hold method.

[0016] The source driver of the driver sample hold
method noted above has a constitution in which the
output side of sampling hold circuit 114 of source driver
102 shown in FIG. 12 is conneeted to a transfer circuit
120 formed from transfer switch 116, hold capacitor 117,
bufter circuit 118. and transfer signal line 119.
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{0017] In other words, at the time point that data of one
scan line has been sampled by sampling hold circuit 114,
a transfer signal is output from transfer signal line 119 by
transfer circuit- 120, transfer switch 116 goes to an ON
state, and after the data held in sampling capacitor 112 of
sampling hold circuit 114 has been simuitaneously
wransferred 1o hold capacitor 117, sampling of the next
scan period is performed.

[0018] In other words, during the period that data of the
next one scan line is being sampled, the sampling data of
the previous scan line held in hold capacitor 117 is
continuously applied as source bus line signals to source
bus lines 105 (FIG. 12) via the buffer circuit 118,

[0019] In this way, by using the source driver of the
driver sample hold method, even when there is a large
nurnber of pixel units 104 in the horizontal scan direction,
it is possible to obtain sufficient write time for the image
data to the respective pixel units 104.... By doing this, it
is possible to make the image data write time almost the
same for the pixel unit 104 connected to the least
significant digit of the shift register |10 and the pixe] unit
104 connected to the most significant digit.

[0020] Furthermore, when the LCD s formed
monolithically by a driver on the insulated substrate, the
speed at which the shift register formed using p-SiTFT
operates stably is about several MHz, and with the shift
register inside the source driver of the LCD with a large
pumber of pixels in the horizontal direction which
requires high speed operation, a problem occurs of
having the shift register operating speed be insufficient.
[0021] In Yght of that, to reduce the operating speed of
the shift register, for example, as shown in FIG. 14, we
propose a source driver for which a plurality of systems,
in this case four systems of shift registers 131 to 134, are
provided, and by having the respective shift registers 131
to 134 operate at CK1 to CK4, /CK1 to /CK4 of different
phases, each level of shift register 131 to 134 is operated
at low speed with the overall shift speed remaining as is.
[0022] With the source driver having the four systems of
shift registers 131 to 134 noted above, as shown in FIG.
15, the start pulses SP are sequentially shified by CK1 to
CK4 and /CK) to /CK4 and sampling pulses SMPI to
SMPg are output. Furthermore, the width of SMPI to
SMP8, which are the output of the four systems of shift
registers 131 to 134, is four times that of when the shift
register has one system, but the phase skew of SMP1 to
SMPS8 is the same as when the shift register has one
svstem.

[0023]

[Problems the Invention Atlempts to Seolve] However,
with the source driver having the four systems of shift
registers 131 to 134 noted above, as shown in FIG. 15,
each sampling palse
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SMP1 to SMP8 is in a mutually overlapping form. Because
of this, when seen al a given moment, there are atways eight
sampling tramsistors 111.., ON. In other words, the
capacitance of eight sampling capacitors 112.., has become
the Joad via sampling transistors 111 for data signal line 113
or for the dafa signal output circnit. Furthermore, there is
wiring resistance on data signal lines 113 and ON résistance
on sampling transistors 111, and therefore the response of
the data signals with each sampling capacitor 112
deteriorates with operation of a time constant of the RC
integrating circuit, and the waveform becomes corrupted
compared with the original data signal.

[0024] With sampling of data signals done based on this
kind of corrupted waveform, the band information that the
data signal originally had is lost, so the display has low
horizontal resolution. Furtbermore, for the scan signals as
well (not illustrated), depending on the constitution, two
adjacent outputs of the gate shift register are overlapping,
and for the pixel part as well, the same kind of problem
occurs as with the sampling unit of the source driver noted
above,

[0025] To prevent this kind of problem, we propose a
display device for which a video signal line is arranged for
each shift register 131 to 134. In this case, for example, the
Nth (SMP1) fall of the sampling pulse shown in FIG. 15 and
the N +8" (SMP9) rise have the same timing, but in
actuality, due to signal waveform corruption or delay, a
phenomenon occurs of the N +8" sampling transistor
simultaneously turning ON betore the Nth sampling
transistor 111 goes completely OFF.

{0026} When this kind of phenomenon occurs, as described
above, even if the video signal line is divided into a plurality
of paris, the sampling data of the Nth sampling hold circnit
114 of the source driver is affected not only by the N +4
sampling signal, but also by the N +8" sampling data, and an
adverse effect is given to the display as a ghost phenomenon
or noise.

[0027] Furthermore, the phenomenon described above can
also occur in the same manner with the display unit. Because
of this, for example, the present applicant, in Patent
Application No, H05-300537, proposed a display device for
which the same video signal Jine is branched into a plurality
of parts external to the drive circuit. In this way, by
branching the same video signal Tine into a plurality of parts
external to the drive circuit, having a plurality of sampling
circuits connected to one video signal lime turning on
simultaneously is eliminated, and as a result, corruption of
the signal in each video signal line js reduced, and the
resolution of the display device is improved.

[0028] However, even when the same video signal line is
simply divided into a plurality of parts, when divided into a
plurality of parts on the same substrate as the panel. by
means of contact vesistance with a flexible substrate or the
like, wiring resistance, and also output impedance of the
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video signal supply source, it is possible to increase the time
constant, but it is not possible to totally inhibit the
occurrence of ghosts. Also, even when the same video signal
line is simply divided into a plurality outside the panel, by
means of the aforementioned contact resistance with a
flexible suhstrate or the like, wiring tesistance, and also
output impedance of the video signal supply source, it is
possible to increase the time constant, but it is not possible
ta totally inhibit the ocourrence of ghosts.

[0029] Also, when we look at sampling circuits connected to
the same data signal lines constituting the source driver,
there is OFF resistance in the sampling transistor; however,
when it is not possible to make the OFF resistance of the
sampling transistor sufficiently large, the problem occurs of
the sampling data written to the sampling capacitor going
through the OFF resistance of the transistors and the data
signal lines and having crosstalk with each other.

[0030] The present invention was created in light of the
problem poinis noted above, and its objective is to provide a
display device that reduces data signal corruption or data
signal noise duc to adjacent transistors being ON
simultaneously and that reduces crosstalk due to insufficient
or decreased transistor OFF characteristics, thus preventing a
ghost phenomenon and also being able to realize high
resolution display for which a decrease in horizontal
resolution and a decrease in display quality due to crosstalk
are inhibited.

[0031]

[Means for Solving the Problems] The display device of
claim | is equipped with a plurality of data signal lines by
which data signals are respectively supplied, a plurality of
sampling cireuits by which the data signals supplied from the
plurality of data signal lines are. respectively sampled, a
plurality of data bus lines respectively connected to the
plurality of sampling circuits, a plurality of pixel unils
connected to the plurality of data bus lines and arranged in
matrix form, and a drive circuit including the sampling
cireuits for driving the data bus lines, wherein at least two of
the plurality of data signal lines have the same data signals
supplied, and are connected to different sampling circuits via
respectively different buffer circuits,

[0032] The display device of claim 2 is the display device
according to clatm 1, whercin of the plurality of sampling
circuits, the sampling circuits for which the timing of the
sampling is synchronized are connected to respectively
different data signal lines, and there is no time overlap of the
ON titme of the respective sampling circuits.

[0033] The display device of claim 3 is the display device
according to claim 1 or 2, wherein the buffer circuits are
formed on the same substrate as the sampling circuits.

[0034] The display device of claim 4 is equipped with a
plurality of data signal lines by which data signals are
respectively supplied, a plurality of sampling circuits by
which the data signals supplied from the plurality of data
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signal lines are respectively sampled, a plurality of data bus
lines respectively connected to the plurality of sampling
circuits, a phuality of pixel units connected to the plurality of
data bus lines and arranged in matrix form, and a drive circuit
including the sampling circuits for driving the data bus lines,
wherein the data signal line is divided inmo a plurality in the
horizontal direction of the display, and each divided signal
line is connected to sampling circuits via respectively
different buffer circuits.

[0035] The display device of claim 3 is equipped with a
plurality of data signal lines by which data signals are
respectively supplied, a plurality of sampling circuits by
which the data signals supplied from the plurality of data
signal lines are respectively sampled, a plurality of data bus
lines respectively comnected to the plurality of sampling
circuits, a plurality of pixel units connected to the plurality of
data bus fines and arranged in matrix form, and a drive circuit
including the sampling circuits for driving the data bus lines,
wherein of the plurality of pixel units, respectively different
data bus lines are connected to the plurality of pixel units
adjacent in the column direction, and the same sampling
cirenits are connected via the buffer circuits to these data bus
lines.

{0036] The display device of claim 6 is the display deviee
according to claim 1, 2, 3, 4 or 5, wherein the drive eircuit
and the image display unit consisting of a plurality of pixel
units are formed monolithically on the same substrate.

{0037}

[Operation] With the constitution of claim 1, by means of at
least two of the plurality of data signal lines having the same
data signals supplied, and being connected to ditferent
sampling circuits via respectively different buffer circuits, it
is possible to have sparse electrical connectiens of adjacent
sampling circuits by which the same data signals are
supplied.

[0038] By daing this, even when adjacent sampling circuits
for which the same data signals are supplied are in an ON
siate simultaneously, the other adjacent sampling circuits to
which the same data signals are supplied are not affected by
noise that occurs at this time. In other words, incorrect data
signals due to the noise noted above are not sampled.

[0039] Also, since adjacent sampling circuits arc not
connected to the same data signal line, it is possible to reduce
the Joad of one data signal line, so it is possible to reduce
data signal corruption,

[0040] Thevefore, with adjacent sampling circuits, there is no
erroneous sampling due to data signal corruption, and there is
no etfect when mutually turning ON and OFF, so correct data
signals are always sampled. Because it is possible to supply
the sampled data signals to the data bus line. it is possible to
reduce the crosstalk due o ON and OFF characteristic
defects of sampling signals with the pixel units. Thus, it is
possible to have a high-resolution display in which a decrease
in display quality due to crosstalk is inhibited.
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[0041] With the constitution of claim 2, sampling circuits for
which the sampling timing is synchronized are connected to
respectively different data sigpal lines, and by means of the
ON period of the respective sampling circuits not
overlapping, it is possible to reduce the noise due to other
adjacent sampling circuits going t© an ON state at the
moment that another single sampling circuit goes to an OFF
state.

[0042]) With the constitution of claim 3, by means of the
buffer circuits conmected to the sampling eircuits being
formed on the same substrate as the sampling circuits, it is
possible to suppress degradation of data signals caused by
such things as wiring resistance and contact resistance of the
flexible substrate or the like that connects the buffer circuits
and the sampling circuits. It is also possible to suppress an
increase in connection terminals for connecting the buffer
cirenits and the sampling circuits and pessible to improve
reliability with mounting. ’

[0043] With the constitution of claim 4, the datz signal lines
are divided into a plurality in the display horizontal direction
and each divided signal line is connected to sampling circuits
via respectively different buffering circuits, so it is possible
to reduce the load on the data signal line. By doing this, it is
possible to reduce the resistance and capacitince of the data
signal lines, so degradation of the data signals on the data
signal line is further reduced, and it is possible to reduce
noise during sampling.

{0044] With the constitution of claim 5, of the plurality of
pixel units, respectively different data bus lines are connected
to the plurality of pixel units adjacent in the column
direction, and by the same sampling circuits being connected
via the buffer circuits to these data bus lines, it is possible to
inhibit interference of pixel units adjacent in the column
direction. By doing this, it is possible to reduce crosstalk
between pixel units with each other, and possible to improve
display quality.

[0045] With the conistitution of claim 6, by means of an
image display unit constituted from a plurality of pixel units
being formed monolithically on the same substrate as the
image display unit, it is possible to increase the pixel
transistor drive force acconpanying an increase in screen
size, to rednce mounting costs of the drive 1C, and the like.
[0046]

[Embodiments]

[Embodiment 1] Following is a description of an embodiment
of the present invention based on FIG. | through FIG. 3. In
this embodiment, we will describe a liquid crystal display
device (hereafter called LCD) as the display device, and the
same is also true for the other embodiments described fater.
[0047] As shown in FIG. 2, the LCD of this embodiment is
constituted from a display unit 1 having a plurality of pixel
units 4 arranged in a matrix form, and a source driver 2 and a
gate driver 3 as the drive circuit for driving each pixel unit 4.
[0048] On display unit 1, the following are arranged: a
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pluratity of source lines $... connected to the source driver
2, and a plurality of gate bus lines 6... connected to the gate
driver 3, arranged so as to intersect orthogonally, and pixel
units 4 arranged at the intersecting parts of the source bus
lines 5 and the gate bus lines 6, In other words, display unit
1 drives pixel units 4 by data signals such as video signals or
the like from source driver 2 and scan signals from gate
driver 3, and the desired image is displayed by changing the
liquid crystal orientation state of a liquid crystal layer (not
illustrated).

[0049] The aforementioned pixel units 4 are constituted by a
pixel transistor 7 consisting of a TFT (Thin film transistor),
a pixel capacity 8, and an additional capacity 9; the gate
terminals of the pixel transistors 7 are connected to gate bus
lines 6, the source terminals to source bus lines 5, and the
drain terminals to pixe! capacity § and additional capacity 9.
In other words, when pixel transistors 7 are turned ON by
the scan signal, the source bus line signals (video signals)
from source bus line 5 are written to pixel capacity 8 and
additional capacity 9.

[0050] The following are provided on source driver 2: a
source shift register 10, and a sampling bold circuit 11 for
sampling data signals from a data signal line 12 by sampling
pulses from source shift register 10. The aforementioned
data signal line 12 is branched into three within source
driver 2 and connects to three data signal lines 16 to 18 via
buffer circuits 13 to 15. Furthermore, in this embodiment,
the aforementioned buffer circuits 13 to 15 are provided
inside source driver 2, but the invention is not limited to this,
and these can also be provided externatly. In other words,
instead of being branched on the inside of source driver 2,
data signal line 12 can also be branched outside source
driver 2.

[0051] Start pulses (SP) and drive clocks (CK, /CK) are
input to the aforementioned source shift register 10, and the
input SP are sequentially shified according to the CK and
/CK and output as sampling pulses to sampling hold circuit
11

[0052] As shown in FIG. 1, data signals from data signal line
12 arc supplied lo sampling hold circuit 11 from three data
signal lines 16 to 18 connected via buffer cireuits 13 to 15,
and the aforementioned data signals are sampled according
to sampling pulses from the aforementioned source shift
register 10, In other words, the same data signal is branched
into three, and the respective signals are sampled
individually.

[0053] The aforementioned sampling hold circuit 11 has
sampling switches 19 to 23 formed from TFT for
sequentially sampling data signals according to sampling
pulses of source shift register 10, and hold capacitors 24 to
28 for holding the sampled data. One sampling circuit is
constituted from one sampling switch and one sampling
capacitor connected to that.

(6) Unexamined Patent Publication H08-305322
[0054] Output lines 10a... from the aforementioned source
shift register 10 are respectively connected to the gate
terminals of the aforementioned sampling switches 19 to 23,
and data signal lines 16 to 18 branched from one data signal
line 12 are respectively connected to the source terminal. In
other words, data signal line 16 is connected to the source
terminal of sampling swiich 19, data signal line 17 s
connected 1o the source terminal of sampling switch 20, data
signal line 18 is comnected to the source terminal of
sampling switch 21, and data signal line 16 is again
connected to the source terminal of sampling switch 19, and
following, data signal lines 16 to 18 are repeatedly
connected in sequence.

[0055] As described above, sampling switches 19 to 23 are
connected so that sampling switches connected to the same
data signal line, for example the sampling switch 19 and the
sampling swiich 22 connecicd to the data signal line 16, do
nol go to an ON state simultaneously. In other words, there
are sparse mutual electrical connections of sampling
switches 19 te 23.

[0056] Here, we will explain the operation of the LCD of the
constitution noted above while referring to the operation
timing chart of FIG. 3.

[0057] First, for one scan period, the SP input to source
shift register 10 of source driver 2 are sequentially shifted by
CK, /CK and output to sampling hold circuit 11, and these
become the sampling pulses of sampling hold circuit 11.
Then, each sampling switch 19 to 23 is set to an ON state by
the input sampling pulses, and the data signals of data signal
lines 16 to 18 are sampled at the peint in time that these
sampling pulses are input.

[0058] Then, each data signal sampled by the sampling
pulses is output to the source bus lines 5 as the source bus
line signals held by the hold capacitors 24 to 28.

[0059] Meanwhile, the output of each row in gate driver 3
is output sequentially to gate bus lines 6 as scan signals (gate
bus line signals), pixel transistor 7 connected to selected gate
bus lines 6... is turned on, and at that point in time, the
source bus line signals from the aforementioned source bus
fine 5 of one scan period are sequentially written as image
data to pixel capacity § and additional capacity 9.

[0060] Then, the desired display is created by driving
liquid crystal corresponding to each pixel unit 4.

[0061] In the next scan period, source bus line signals for
which the voltage polarity is inverted are writlen as image
data to pixel capacity 8 and additional capacity 9. In this
way, each time the scan period switches, the voltage polarity
of the source bus line signal is reversed and this is written as
image data to pixel capacity 8 and additional capacity 9,

and each time, the desired display is created by driving the
liquid erystal corresponding to each pixel unit 4,
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[0062] Therefore, as shown in FIG. 3, with the
aforementioned source driver 2, when the SP are input, the
phase is skewed by % only by the input timing of CK and
{CK, and sampling pulses SMP1 to SMP5 are output. By
doing this, each sampling pulse SMP1 to SMPS5 has a time
overlap, so two adjacent sampling switches are always in
an ON state,

[0063] However, in this embodiment, the aforementioned
sampling switches 19 to 23 have sparse mutual electric
connections, In other words, two adjacent sampling
switches are not connected to the same data signal line, so
the load of one data signal line can be reduced from two
sampling capacitors to one, As a result, it is possible to
reduce data signal corruption caused by data signal line
load.

[0064] Furthermore, each sampling pulse is skewed by a
half phase each, so, as shown in FIG. 3, the sampling
pulse SMP1 fall and the sampling pulse SMP3 rise have a
time overlap. In actuality, there is an occurrence of time
for which the sampling transistor 18 and the sampling
transistor 21 are in an ON state simultaneously due to
sampling puise corruption or delay.

[0065] In such a case, if sampling transistor 19 and
sampling transistor 21 are connected to the same data
signal line, when the sampling transistor 19 goes OFF,
there are cases when there is an effect of noise that occurs
when sampling transistor 21 turns ON, so incorrect data
signals are sampled.

[0066] However, with this embadiment, as shown in FIG,
I, sampling transistor 19 and sampling transistor 21 are
connected to respectively different data signal lines, so it
is possible to sample correct data signals without having
an effect of noise due to the aforementioned kind of
sampling pulse corruption or delay.

[0067] In this way, without being affected by mutual ON
and OFF times between adjacent sampling transistors, it is
possible to always supply correct data signals as source
bus line signals to source bus line 5, so it is possible to
reduce the ghost phenomenon.

[0068] Thus, the LCD of this embodiment is capable of
doing high-resolution display for which a decrease in
display quality due to the ghost phenomenon caused by
data signat corruption or noise is inhibited.

[0069] With this embodiment, so as to have the electrical
connections be as sparse as possible for sampling switches
19 to 23, afier data signal line 12 is branched into three,
data signals are supplied to sampling switches 19 to 23
from data signal lines 16 to 18 via buffer circuits 13 to 15,
[0070] However, the invention is not Jimited 1o the
aforementioned going via buffer circuits 13 to 15, and it is
also possible, for example, to not provide buffer circuits
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13 to 15, and after branching the data signal line 12 iwio
three, to supply data signals directly to sampling switches
19 to 23. In this case, compared to when going via buffer
circuits 13 to 15, it is more difficult to have electrical
sparseness for sampling switches 19 (o 23, so the cffect is
reduced by half.

[0071] Also, with this embodiment, the sampling method
in source driver 2 is the panel sample hold method by
which image data as data signals are held on the display
unit 1 side, but this can be similarly applied also with a
source driver of the driver sample hold method by which
image data is held on the source driver side, and the same
effect can be obtained. In this case, by using the source
driver of the driver sample hold method, it is possible to
have sufficient image data write time with pixel units
comnected to the source driver.

[0072] [Embodiment 2] Following is an explanation of
another embodiment of the present invention based on
FIG. 4. For convenience of the explanation, the same code
pumbers are given to members having the same function
as those of embodiment 1, and their description will be
omitted. The same is true for each embodiment
hereinafter. Also, with this embodiment, we will describe
a case of applying the constitution applied to source driver
2 of embodiment 1 to display unit 1 of the LCD.

[0073] With the L.CD of this embodiment, as shown in
FIG. 4, source bus lines 5 connected to source driver 2 of
embodiment 1 ave branched into three i front of display
unit 1, and these are connected respectively to source bus
lines 34 to 36 via three buffer circuits 31 to 33. In FIG. 4,
the lateral divection is the row direction, and the vertical
direction is the column direction.

[0074] The source terminals of pixel transistors 7 arranged
in the column direction are -connected fo the
aforementioned source bus lines 34 to 36 such that pixel
transistors 7 adjacent in the colummn direction are not
connected to the same source bus line.

[06075] The operation of the LCD of this embodiment is
the same as that of the LCD of embodiment 1 other than
that the source bus line signals supplied to the display unit
1 are supplied branched into three.

[0076] In the constitution noted above, pixel transistors 7
adjacent in the column direction are connected to mutually
independent source bus lines, so there is no mutual effect
even when pixel transistors 7 arc turned ON and OFF.
Because of this, adjacent pixel units 4... are not affected
by noise that occurs when mutually adjacent pixel
transistors 7 are urned ON aod OFF, so it is possible to
obtain a high-resolution image without the ghost
phenomenon.
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[0077] 1t is also possible to constitute the aforementioned
source driver 2 as shown in FIG. 1 of embodiment 1. in this
case, it is possible to supply data signals without corruption
or delay to display unit 1, and in fact in display unit 1, data
signals are written without corruption or delay, so it is
possible to provide an LCD with further improved display
quality.

{0078) [Embodiment 3] Following is an explanation of yet
another embodiment of the present invention based on FIG.
5 and FIG. 6.

[0079] The display device of this embodiment is equipped
with a source driver 41 as shown in FIG. 5, instead of the
source driver 2 shown in FIG. | of embodiment i

[6080] As shown in FIG. 5, source driver 41 is constituted
from four systems of shift registers 42 to 45, AND circuits
46 to 30 for obtaining an AND operation based on the
output from these shift registers 42 to 45, and sampling
hold eircuit 11 for which sampling pulscs are supplicd from
AND circuits 46 to 50.

[0081] The aforementioned AND circuits 46 te 50 are
connected to inverters 46a to 50a that respectively invert
the output from the shift register of one digit later, and a
logical product of the output of shift registers 42 to 45 and
the inverted signals of the output of one digit later is
obtained; the logical product obtained is supplied as the
sampling pulse to sampling hold circuit 11.

[0082] In addition to sampling pulses, data signals such as
video signals and the like from data signal line 51 are
supplied to sampling hold circuit 11.

[0083] The aforementioned data signal line 51, after being
branched into two either inside the display unit | or outside
source driver 41, is comnected to data signal lines 54 and 55
via the buffer circuits 52 and 33. Data signal line 54 is
connected to each source terminal of sampling switches 19,
21, and 23, and data signal line 54 is connected to each
source terminal of sampling switches 20 and 22. By doing
this, sampling switches 19 to 23 are comnected alternately
to data signal lines 54 and 55, and there are sparse mutual
electrical connections.

[0084] Here, we will describe the operation of source
driver 41 with the constitution noted above. As shown in
FIG. 6, the aforementioned four systems of shift registers
42 to 45 have SP input by CK and /CK of respectively
different phases. At this time, the output signals SR1 to
SRY of each shift register 42 to 45 are pulses made to have
the phase shifted by 1/8 each.

[0085] The aforementioned shift register vutput SRi and
inversion signal of the shift register output SRi+1 one digit
later are input to AND circuits 46 to 50. Then, the logical
products obtained with AND cireuits 46 to 50 are input as
sampling pulses SMP1 to 3 to sampling switches 19 to 23
of sampling hold circuit 11.

[0086] Meanwhile, the data signals supplied from data
signal line 51 are respectively Input via alternately
connected data signal lines 54 and 55 to sampling switches
19 to 23.
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[0087] Also, the data signals sampled by sampling pulses
SMP} te SMP3 are output to source bus lines 5... as sowrce
bus line signals held by the hold capacitors 24 to 28.

[0088] With the constitution noted above, as shown in FIG.
6, sampling pulses SMP1 to 3 are short pulses for which
there is no mutual time overlap with AND circuits 46 to 5C
for the output SRi of the shift registers 42 and 43. By doing
this, two or more sampling pulses do not go in an ON state
simultaneously.

[0089] In that way, of sampling switches 19 to 23, only one
is always in an ON state, so the load seen from data signal
lines 54 and 55 js that of onme sampling capacitor.
Therefore, compared to the source driver constituted by
four systems of shift registers not using an AND circuit, for
example the source driver shown in the prior art, it is
possible to reduce the load of the data signai line to 1/8, so
it is possible to reduce data signal corruption. Also, the
since it is possible to reduce the load of the data signal line
to 1/8, it is possible to also reduce the time constant of the
ontput CR from the shift register to 1/8, so it is possible to
make the data signal corruption  smaller than
conventionally.

[0090] However, for sampling pulses SMP1 to 3, in
actuality, due to delay, corruption or the like of the data
signal, the SMPi (i = an integer) fall and the SMPi +1 rise
are not simultaneous, and a period occurs when there is a
slight overlap. However, with this embodiment, adjacent
sampling switches are conmected to different data signal
lines 54 and 55, so it is possible to not be affected by noise
of the data signal lines 54 and 55 that occurs from adjacent
sampling swiiches being in an ON state simultaneously.
{0091] Therefore, with the LCD of this embodiment, it is
possible to reduce data signal corruption due to the data
signal line load, and also possible to reduce the ghost
phenomenon due to data signal noise duc to adjacent
transistors being in an ON state simultaneously,

{0092] Thus, it is possible to have high-resolution display
for which the decrease in display quality due to the ghost
phenomenon that oceurs caused by data signal corruption
and data signal noise is inhibited.

[0093] Furthermore, in this embodiment, we explained a
case with four svstems for the shift registers, but the
invention is not limited to this, and it is sufficient to have at
ieast two systems,

[00947 Also, with this embodiment, AND circuits were
used to obtain logical products from the shift register
output, but the invention is not limited lo this, and for
example, it is also possible to use a NOR circuit or the like,
and furthermore, when using an AND of SRi and SRi + 7. it
is ot particularly necessary to have an inverter connected
at the input level of the AND cireuit.
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[0095] Furthermore, with this embodiment, so as to be as
¢lectrically sparsc as pessible for sampling switches 19 to
23 in source driver 4], after data signal line 51 is branched
into two, data signals are supplied to sampling switches 19
to 23 from data signal lines 54 and 55 via buffer circuiis
52 and 53,

[0096] However, this is not limited to the aforementioned
going via the buffer circuits 52 and 53, and for exaniple, it
is also possibie to supply data signals directly to sampling
switches 19 to 23 after branching data signal line 51 into
two without providing buffer circuits 52 and 53. In such a
case, it is more difficult to be electrically sparse for
sampling switches 19 to 23 than in the case of going via
buffer circuits 52 and 53, and therefore the effect is
reduced by half.

[0097] Also, with this embodiment, the sampling method
in source driver 41 is the panel sample hold method by
which image data is held as data signals on the display unit
1 side; however, it is possible to similarly apply this to the
source driver of the driver sample hold method by which
image data is held on the source driver side, and it is
possible to obtain the same effects. In such a case, by
using the source driver of the driver sample hold method,
it is possible to have sufficient write time for image data
with the pixel units connected to the source driver.

[0098] [Embodiment 4] In the following, we will explain
yet another embodiment of the present invention based an
FIG. 7. In this embodiment, we will explain a case of
applying the constitution applied to the source driver 41 of
embodiment 3 to the signal input with display unit 1 of the
LCD.

[0099] In the LCD of this embodiment, as shown in FIG.
7, source bus lines 5... conneoted to source driver 41 of
embodiment 3 are divided into two in front of display unit
1, and the constifution is such that connection is done to
the respective source bus lines 58 and 59 via two buffer
circuits 56 and S7. In FIG. 7, the lateral direction is the
row direction and the vertical direction is the column
direction.

[0100] The source terminals of pixel transistors 7 arranged
in the column direction are connected to source bus lines
58 and 59 such that pixel transistors 7 adjaceat to each
other in the column direction are not comnected to the
same source bus line,

[0107] Also, gate bus lines 6.., are connected via AND
circuits 60... to gate driver 3, and inverters 60a... that
invert the signal output o AND circuit 60 of the
respective one row later are connected to those AND
circuits 60.... By means of the above-mertioned AND
circuit 60, the AND operation of the output of gate driver
3 and the inverted signal of the output from gate driver 3

9 Unexamined Patent Publication H08-305322

to AND circuit 60 of one row later is obtained, and the
obtained logical product is output to gate bus lines 6 as
gate signals.

[0102] The operation of the LCD in this embodiment is
the same as the operation of source driver 41 of
embodiment 3 except that the source bus line signal
supplied to display unit 1 is branched info two, and
furthermore, the gate signals supplied from gate driver 3
are output via the AND circuit,

[0103] In the constitution noted above, the gate signals
that control whether the pixel transistors 7 are ON or OFF
are output to gate bus line 6 via AND circuit 60, so the
gate signals do not have time overlap. By doing this, the
adjacent pixel units 4... are not affected by noise due to
mutually adjacent pixel transistors 7 being ON or OFF,
and it is possible to obtain a high-resolution image with no
ghost phenomenon.

[0104] Source driver 51 can also be constituted as shown
in F1G. 1 of embodiment 1. In such a case, it is possible to
supply data signals with no corruption or delay to display
unit 1, and with the display unit 1, because data signals are
written with no corruption or delay, it is possible 1o
provide an LCD with even better display quality.

[0105] [Embodiment 5] Following is an explanation of yet
another embodiment of the present invention based on
FIG. 8.

[0106] The LCD of this embodiment is equipped with a
source driver 61 as shown in FIG. 8, instead of the source
driver 2 shown in FIG. ] of embodiment 1.

[0107] As shown in FIG, 8, source driver 61 is constituted
equipped with source shift register 10, sampling hold
circuit 11, and data signal line 12.

[0108] Buffer circuits 62 to 66 are connected to data
signal line 12, and the output side of these buffer circuits
62 to 66 are connected to the respective source terminals
of sampling switches 19 to 23 of sampling hold circuit 11.
In other words, the data signals cutput from data signal
tine 12 are supplied to sampling switches 19 to 23 via
buffer circuits 62 to 66, and are respectively held in
sampling capacitors 24 to 27.

[0109] By doing this, because sampling switches 19 to 23
are connected via data signal line 12 and buffer circuits 62
to 66, here are sparse electrical connections by means of
these buffer circuits 62 to 66,

[0110] Here we will explain the operation of source driver
61 with the constitution noted above. The SP input to the
aforementioned source shift register 10 is sequentially
shified according to the CK and /CK inpur to the source
shift register 10 and output. Then, the output pulses of
each digit are sequentially input as sampling pulses to the
gate terminals of the respective sampling switches 19 to
23 in sampling hold circnit 11.
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[0111] Meanwhile, data signals from data signal line 12 are
input to the source terminals of sampliing switches 19 to 23
via buffer circuits 62 Lo 66.

[0112] Therefore, sampling switches 19 to 23 are made to
go to an ON state by the sampling pulses supplied from the
aforementioned source shift register 10, and the data signals
output from data signal line 12 are held in the sampling
capacitors 24 to 27,

[0113] However, by means of buffer circuits 13 to 15 and
buffer circuits 52 and 53 arranged in source driver 2 and
source driver 41 described in embodiments 1 and 3, the
load is matched with the data signal line wiring load and the
sampling capacitor load, so it is necessary to have the
buffer circuit be a circuit of a size that can handle the
aforementioned load.

[0114] However, buffer circnits 62 to 66 of this
embodiment are respectively connected to one each of
sampling capacitors 24 to 27 is, so the load for ope of
buffer cireuils 62 10 66 is only one sampling capacitor.
Because of that, it is possible to make the circuit smaller
than for buffer circuits 13 to 15 and buffer circuits 52 and
53 described in embodiments 1 and 3.

[0115) Also, in embodiments 1 and 3, when failure occurs
with one buffer cirenit, data signals are not supplied for
each one of three or one per two source bus lines. Because
of this, the problem occurs of having a display defect for
173 or Y% of the overall display in display unit 1.

[0116] However, with this embodiment, when failure
oceurs with buffer circuits 62 to 66, data signals stop being
supplied only to the source bus lines connected to the
buffer circuit where failure has occurred; therefore, it is
also possible to suppress display defects to be only for
source bus lines connceted to buffer circuits for which
failure has occurred.

[0117] Furthermore, for adjacent sampling switches 19 to
23, there is sparse electrical connection by buffer circuits
62 to 66, so for example, even when the QFF resistance of
sampling transistors 19 to 23 is decreased by irradiation of
light from outside, it is possibie to prevent erosstalk of data
signals held in sampling transistors 24 to 27 via the OFF
resistance of the mutually adjacent sampling switches 19 to
23 connected to the same data signal line 12,

[0118] Typically, inside the source driver, a plurality of
signal wires are airanged in addition to the data signal lines,
so there is a decrease in the precision of the sampling data
due to noise riding via the wiring capacitance of each signal
wiring, or via the capacitance of the intersecting part of
wires that intersect, or other parasitic capacitance.
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{0119] However, with source driver 61 of this embodiment,
there is only one data signal line 12, so it is possible 1o
reduce the effect of noise riding ou data signal line 12.
[0120] In this way, with mutually adjacent sampling
transistors, there is no effect when mutual turning ON and
Off, and it is possible to always supply accurate data
signals to source bus lines 5 as source bus line signals.
[0121] Therefore, with the LCD of this embodiment, it is
possible o have a high-resolution display for which there is
a reduction in the ghost phenomenon due to corruption of
the data signal waveform caused by the load on data signal
line 12 or to data signal noise caused by adjacent transistors
being in an ON stale simultanecusly, and to suppress a
decrease in display quality due to crosstalk that occurs due
to the occurrence of insufficiency or a decrease in the OFF
characteristics of the sampling transistors.

{0122] Furthermore, with this embodiment, the sampling
methad in source driver 61 was the panel sample hold
method for which image data is held as data signals on the
dispiay unit | side; however, it is also possible to similarly
apply this with the source driver of the driver sample hold
method for which image data is held on the source driver
side, and possible to obtain the same effects. In such a case,
by using the source driver of the driver sample hold
method, it is possible to obtain sufficient write time for the
image data with the pixel units connected to the source
driver.

[0123] {Embodiment 6] In the following we will explain yet
another embodiment of the present invention based on FIG.
9. In this embodiment, we will explain a case in which the
constitution used for source driver 61 of embodiment 5 is
applied to the signal input with display unit 1 of the LCD.
[0124] As shown in FIG. 9, the LCD of this embodiment
Las butfer circuits 67... connected to source bus lines 5.,
that are connected to source driver 61; the source terminals
of the pixel transistors 7 are connected to the output side of
these buffer circuits 67.... In FIG. 9, the lateral direction is
the row direction and the vertical direction is the column
direction. :

{0125] In other words, a plurality of pixel transistors 7 are
connected in the column direction to the same source bus
line 5, but the respective pixel fransistors 7 are connected to
the source bus line 5 s0 as to be mutually electrically sparse
by means of buffer circuit 67.

[0126] Furthermore, the operation of the LCD of this
embadiment is the same as the operation of source driver
41 of embodiment 5 except that the source bus line signals
are supplied to pixel transistors 7 of the display unit I via
the buffer circuits 67....

{0127] In the constitution noted above, the source bus line
signals from the source bus lines 5 are respectively supplied
via the buffer circuits 67... to the plurality of pixel
transistors 7... connected on the same source bus line 5, so
the source bus line signals
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do not interfere with each other. Therefore, the adjacent
pixel units 4 are not affected by noise that occurs when
pixel transistors 7 are mutuaily in an ON state, and in fact it
is possible to obtain a high-resolution image for which
crosstalk due to the OFF resistance of the pixel transistors is
inhibited.

[0128] It is also possible to constitute the aforementioned
source driver 61 as shown in FIG. 1 of embodiment 1. In
this case, it is possible to supply data signals without
corruption or delay to display unit 1, and in display unit 1 as
well, data signals are written without corruption or delay, so
it is possible to provide an LCD with even better display
quality.

[0129] [Embodiment 7] In the following we explain yet
another embodiment of the present invention based on FIG.
10. For convenience of the explanation, elements having the
same function as each of the previously noted embodiments
are given the same code numbers, and their deseription is
omitted.

[0130] As shown in FIG. 10, the LCD of this embodiment
is constituted by a display unit 1 baving a plurality of pixel
units 4..., and a source driver 71 and the gate driver 3 that
act as the drive circuit {hat drives the pixel unit 4. In FIG.
10, the latera} direction is the row direction, and the vertical
direction is the column direction.

[0131] The above-mentioned source driver 71 is constituted
by source shift register 10, AND circuits 72 and 72 for
abtaining the logical product of the output from this source
shift register 10, data signal lines 73 and 74 for supplying
data sigunals of different polarities (video signals), and
sampling hold circuit 11 for sampling data signals
according to the output from source shift register 10.

[0132] Inverters 722 and 72a are connected to the above-
mentioned AND circuits 72 and 72 so that the output of the
next digit of the source shift register 10 is inverted and
input. In other words, AND circuits 72 obtain the logical
product of the output of source shift register 10 and the
inverted signal of the output input to AND circuit 72 of the
rext digit inverted by inverter 72a, and this logical
product is output to sampling hold circuit 11 as sampling
pulses.

[0133) Also, data signals 73 and 74 have mutuaily
different polarities and data signals for which the polarity
has been inverted for each field are supplied via buffer
circuits 75 and 76 from a data signal generating circuit
(not illustrated).

[0134] The above-mentioned  data signal line 73 s
connected to the source terminals of sampling switches
19 and 21 of the sampling hold circuit |1, and data signal
line 74 is connected to the source terminals of the
sampling switches 20 and 22 of sampling hold circuit 11.
[0135] Therefore, sampling pulses from the same AND
circuit 72 arc supplicd to the source terminals of the
above-mentioned sampling switches 19 and 20, and
sampling pulses from the same AND circuit 72 are
supplied to the source terminals of sampling switches 21
and 22. Furthermore, AND circuits 72 supply output
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from source shift register 10 to sampling hold cireuit 11
using a pulsc width so as to have no time overiap.

[0736] In the following we will explain the operation of
source driver 71 of the constitution noted above. The SP
input to the source shift register 10 noted above is
sequentially shified according to the drive clocks CK and
JCK input to the source shift register 10 and output.
Then, the output pulse of each digit is input to AND
circuit 72. Subsequently, the logical product of the output
of source shift register 10 and the inverted signal of the
next digit output Sri + 1 is obtained in AND circuit 72,
and the value of this logical operation is output as
sampling pulses to sampling hold circuit 11,

[0137] ‘The output from the above-mentioned AND
circuit 72 is sequentially input as sampling pulses to the
respective gate terminals of sampling switches 19 to 23
in sampling hold circuit 11,

[0138] Meanwhile, the dara signals from data signal line
12 are input to the source terminals of sampling switches
19 to 23 via buffer circuits 62 to 66.

[0139] Therefore, when the sampling pulse output from
the above-mentioned source shift register 10 is input to
the gate terminals of sampling switches 19 o 23, the data
signal output from the data signal line 12 is held in
sampling capacitors 24 to 27.

[0140] The held data signails are mput to the slierrately
connected pixel transistors 7... for every other gate bus
line 6... via the buffer circujt 77 from source bus lines 5
arranged al the lefl and right sides of pixel units 4....
[0141] With source driver 61 of the constitution noted
above, because the output from source shift register 10 is
input to the sampling hold circuit 11 via AND circuits
72..., there is a relationship hetween the sampling pulse
width being small and there not being any mutual time
overlap. Because of this, the load sent from data signal
lines 73 and 74 is smaller than in the prior art, so it is
possible to make the data signal corruption smaller than
in the prior art.

[0142] Also, gate driver 3 is constituted by a gate shift
register 3a, AND circuits 81... for obfaining the logical
product from the output of this gate shift register 3a.
[0143] In the above-mentioned AND circuits 81...,
inverters 8la... are connected so that the output of the
next row of the gate shift register 3a is inverted and
input. In other words, an AND circuit 81 obtains the
logical product of the output of gate shift register 3a and
the inversion signals oblained by inverling at inverter 81a
the output input to AND circuit 81 of the next row, and
supplies this logical product us a gate signal (scan signal)
to the gate bus lines 6.... The AND circuit 81 makes the
output from the gate shift register 3a have a pulse width
30 as not to have time overlap, and supplies this to the
pixel transistors 7,...

Page 12 of 40

IPR2015-00887
Exhibit 2006
152 of 272



[0144] Therefore, because the gate signals input to pixel
transistors 7... of display unit | from the gate driver 3 are
the logical preducts obtained from the ourput of the gate
shift register 3a, there is a relationship of the gate signals not
having mutual time averlap. Because of this, it i3 possible to
prevent the effect of noise due to pixel transistors 7...
adjacent in the column direction being ON simultaneously.
[0145] Also, by means of pixel transistors 7... adjacent in
the column direction being connected to different source bus
lines 5..., even if there is a period for which the gate bus line
signal Gi and the gate bus line signal Gi +1 of the next row
are in an ON state simultaneously due ta signal delay or
corruption, a decrease in the precision of the source bus line
signals sampled at pixel capacity 8... and additional capacity
9... caused noise that occurs when pixel transistors 7...
adjacent in the celumn direction are ON simuitaneously is
prevented.

[0146] Typically, the signals applied to source bus line 5
have the polarity of the applied voltage inverted for every
scan period to prevent a decrease in reliability due to DC
voltage being applisd to the liquid erystal. In such a case, if
there is a period when pixel transistors 7... adjacent in the
column direction are in an ON state simultaneously, a
problem occurs of the decrease in the precision of the source
bus line data sampled at the pixel capacity 8... becoming
even greater,

[0147] However, with this embodiment, the pixel transistors
7... adjacent in the colunm direction have the source bus
line signals supplied via different source bus lines 5...
provided at both sides of the respective pixel units 4..., so it
is possible to eliminate a period when pixel transistors 7...
adjacent in the column direction are in an ON state
simultaneously, and as a result, it is possible to prevent a
decrease in the precision of the source bus line data sampled
at the pixel capacity 8....

[0148] Also, typically, when the polarity of the voitage
applied to source bus lines 5 is inverted every scan period, a
seurce bus line 5 charged during a certain scan period has to
be charged to the reverse polarity at the next scan period,
and so a large drive force is required to drive the source bus
lines 5.... As a result, the problem occurs of an increase in
the overall powey consumption of the source driver due to
the power required to drive the source bus lines 5....

[0149] However, with this embodiment, data signals with
different polarity set in advance are alternately supplied to
source bus lines 5., so it is sufficient to supply data signals
with the same polarity to source bus lines 5... arranged at
both sides of pixel units 4, so that jt is not necessary o
supply signals of reverse polarity to the polarity supplied to
the source bus line S... every scan period. By doing this, it is
possible to reduce the power required for driving the source
bus lines 5..., so it is possible to reduce the overall power
consumption of the source driver 61,
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[0150] With this embodiment, two source bus lines 5... are
arranged at both sides of the pixel units 4..., but the
invention is not limited to this, and for example, it is also
possible to have two source bus lines 5 and 5 arranged at one
side of the pixel units 4. However, in such a case, the form
will be such that the source bus lines 5 and the pixel
transistors 7 are connected with the source bus lines 5
intersecting every other gate bus line 6..., vesulting in an
effect of noise from the parasitic capacitance of the
intersecting part and the like, and the effect of this is to be
unable to exhibit the same level of effect as when the source
bus lines S and 5 are arranged at both sides of the pixel units
4.,

[0151] [Embodiment 8] In the following we will explain yet
another embodiment of the present invention based on FIG.
11. The LCD of this embodiment has the same constitution
for the display unit and the gate driver as for the other
embodiments, so we will describe the source driver.

[0152] As shown in FIG. 11, in the source driver of the LCD
of this embodiment, there are data sigoal lines 82.,. for
supplying data signals of a plurality of video signals or the
like, and source terminals of sampling switches B86...
consisting of transistors such as TFT or the like of sampling
hold circuit 85 that are connected to those data signal lines
82....

[0153] A sampling timing control circuit 84 for controlling
the sampling timing of the data signals is connected to the
gate terminals of the sampling switches 86.

[0154] Data signal lines 82 are connected to the data signal
generating circuit (not illustrated) via the buffer circuit 83.
These data signal lines 82 are comnected ome each to
sampling switch 86, By doing this, because the load on data
signal lines 82... is only onc sampling switch 86, it is
possible to lower the impedance of the data signal line
before dividing even more than when a plurality of sampling
switches 86... are connected to one data signal line §2.
[01557 In other words, by dividing data signals output from
the above-mentioned data signal generating circuit into a
plurality in the display horizontal direction, it is possible to
lower the impedance of the data signal line before dividing,
particularly the capacitance component, to about /N (N:
number of divisions). By doing this, it is possible to
significantly improve the time constant of the data signal
line, so it s possible to suppress the occurrence of crosstalk.
[0156] Furthermore, because it is possible to input to display
unit 1 the input of the data signals to the display unit 1 from
the vicinity of the sampling hold circuit 83, it is possible to
significantly improve the time constant by doing this as well.
[0157] This embodiment can be applied to each of the
embodiments noted above, and by doing this, it is possible to
have a display with even less occurrence of crosstalk and
higher resolution,
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[0158] Above, by means of embodiments 1 through 8, the
respective basic configurations were shown; it is also
passible to change the circuit configuration, for example, to
change when constituting in a so-called decoder type circuit
without using the shift register described previously for the
sampling pulse generating circuit.

[0159] Also, for example, when the capacity of the sampling
capacitor connected to the sampling transistor is small, it is
possible ta supply the same data signals via the buffer circuit
to each shift register system.

[0160] Furthermore, with embodiments I to 8 noted above, it
is also possible to monolithically form on the same subsirate
the source driver and the gate driver as the drive circuit
including the sampling circuits, and the display unit
consisting of pixel units or the like as the image display unit.
In such a case, it is possible to improve the drive force of the
pixel transistor that accompanies larger screen size, and to
reduce the drive IC mounting costs and the like.

[0161]

[Effect of the Invention] The display device of the invention
of claim I, as described above, has a constitution equipped
with a plurality of data signal lines by which data signals are
respectively supplied, a plurality of sampling circuits by
which the data signals supplied from the plurality of data
signal lines are respectively sampled, a plurality of

data bus lines respectively connected to the piurality of
sampling circuits, a plurality of pixel units connected to the
plurality of data bus lines and arranged in matrix form, and a
drive circuit including the sampling circuits for driving the
data bus lines, wherein at least two of the plurality of data
signal lines have the same data signals supplied, and are
connected fo different sampling circuits via respectively
different buffer circuits.

[0162] By doing this, by means of adjacent sampling circuits,
there is no effect during mutual tarning ON and OFF, and it
is possible to reduce the ghost phenomenon by always
sampling correct data signals, Tt is also possible to reduce
crosstalk due to the OFF resistance of the transistors of the
pixel unit and the sampling circuit unit.

[0163] Therefore, an effect is exhibited of it being possible
to have a high-resolution display for which a decrease in
display quality due to ghosts and crosstalk is inhibited,

[0164] The display device of the invention of claim 2, as
described above, is the display device according to claim 1,
wherein of the plurality of sampling circuits, the sampling
circuits for which the timing of the sampling is synchronized
are connected to respectively different data signal lines, and
there is no time overlap of the ON time of the respective
sampling circuits.

[0165] By doing this, in addition to the effects of claim 1, the
effect is exhibited of it being possible to reduce the noise that
occurs due to another sampling circuit being in an ON state
at the moment that the sampling circuit goes to the OFF staie.
[0166] The display device of the invention of claim 3, as
described above, is the display device according to claim | or
2, wherein the buffer clicuits are formed on the same
substrate as the sampling circuits.
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[0167] By doing this, it is possible to suppress the
degradation of data signals related to contact resistance due
to the flexible substrate or the like that connects the buffer
circuits and the sampling circuits. It is also possible to
suppress an inerease in the commection terminals for
connecting the buffer circuits and the sampling circuits,
exhibiting an effect of being able to improve reliability with
mounting.

[0168] The display device of the invention of claim 4, as
described above, is equipped with a pluralily of data signal
lines by which data signals are respectively supplied, a
plurality of sampling circuits by which the data signals
supplied from the plurality of data signal lines are
respectively sampled, a plurality of data bus lines
respectively connected to the plurality of sampling circuits, a
plurality of pixel units connected to the plurality of data bus
lines and aranged in matrix form, and a drive circuit
including the sampling circuits for driving the data bus lines,
wherein the data signal line is divided into a plurality in the
horizontal direction of the display, and each divided signal
line is connected to sampling circuits via respectively
different buffer circuits.

[0169] By doing this, it is possible to reduce data signal line
resistance and capacitance, thus making it possible to further
reduce degradation of the data signals with the data signal
line and to reduce noise during sampling.

[0170] The display device of the invention of claim 3, as
described above, is equipped with a plurality of data signal
lines by which data signals are respectively supplied, a
plurality of sampling circuits by which the data signals
supptied from the plurality of data signal lines are
respectively sampled, a plurality of data bus lines
respectively connected to the plurality of sampling circuits, a
plurality of pixel units connected (o the plurality of data bus
lines and arranged in matrix form, and a drive circuit
inctuding the sampling circuits for driving the data bus lines,
wherein of the plurality of pixel units, respectively different
data bus lines are connected to the plurality of pixel units
adjacent in the column direction, and the same sampling
circuits are connected via the bulfer circuits to these data bus
lines.

[0171] By doing this, it is possible to inhibit interference of
pixe}l units adjacent in the column direction, so it is possible
to reduce crosstalk between pixel units, and as a result, an
effect is exhibited of being able to improve the display
quality.

[0172] The display device of the invention of claim 6, as
described above, is the display device according to claim 1.
2, 3.4 or 5, wherein a drive circuit and an image display unit
consisting of the plurality of pixel units are formed
monolithically on the same substratc.

[0173] By doing this, an effect is exhibited of being able to
improve the drive force of the pixel transistors accompanying
larger screen size, and to reduce the drive 1C mounting cost
and the like.
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{Brief Description of the Drawings]

[F1G. 1] is a schematic constitution block diagram of the
source driver of the LCD of an embediment of the present
invention.

[F1G. 2] is a schematic constitution block diagram of an
LCD equipped with the source driver shown in FIG. 1.
[FIG. 3] is an operation timing chart of the source driver
shown in FIG. 1.

[FIG. 4] is a schematic constitution block diagram of an
LCD of another embodiment of the present invention.
[FIG. 5] is a schematic constitution block diagram of the
source driver of an LCD of yet another embodiment of the
present invention.

[FIG. 6] s an operation timing chart of the source driver
shown in FIG. $.

[FIG. 7] is a schematic constitution block diagram of an
[.CD of yet another embodiment of the present invention,
[FIG. 8] is a schematic constitution block diagram of the
source driver of an LCD of yet another embodiment of the
present invention.

[FIG, 9] is a schematic constitution block diagram of LCD
of yet another embodiment of the present invention.

[FIG. 10] is 2 schematic constitution block diagram of an
L.CD of yet another embodiment of the present invention.
[FIG. 11] is a schematic constitution block diagram of the
source driver of an LCD of yet another embodiment of the
present invention.

[FIG. 12] is a schematic constitution block diagram of a
prior art LCD.

[FIG. 13] is a schematic constitution block diagram of a
source driver equipped with the LCD shown in FIG. 12.
[FIG, 14] is a schematic constitution block diagram of
another prior art source driver.
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[FIG. 15] is an operation timing chart of the source driver
shown in FIG. 14,
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

SHARP CORPORATION, SHARP ELECTRONICS CORPORATION, and
SHARP ELECTRONICS MANUFACTURING COMPANY OF AMERICA, INC.,
Petitioners

V.
SURPASS TECH INNOVATION LLC,

Patent Owner

Case IPR2015-
Patent No. 7,420,550

DECLARATION OF MICHAEL J. MARENTIC IN SUPPORT OF PETITION FOR INTER
PARTES REVIEW OF U.S. PATENT NO. 7,420,550
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1. |, Michael J. Marentic, make this declaration in connection with the Petition for
Inter Partes Review submitted by Sharp Corporation, Sharp Electronics Corporation, and
Sharp Electronics Manufacturing Company of America, Inc. (collectively *Petitioners” or
*Sharp”) for review of Claims 1 through 5 of U.S. Patent No. 7,420,550 to Yuh-Ren et al.
(“the ‘550 Patent”), which is assigned to Surpass Tech Innovation LLC (*Patent Owner” or
“Surpass”).

2. Throughout this declaration, | refer to exhibit numbers that correspond to the

exhibits to the Petition for Inter Parfes Review for which | provide this declaration.

Scope of My Assignment
3. | have been requested by counsel for Sharp to study the ‘650 Patent,

including its claims and prosecution history, as well as the references specifically referred to
in this declaration. | have also been requested by counsel for Sharp to provide my expert
opinion regarding the invalidity of Claims 1-5 of the ‘550 Patent. | further expect to offer an
additional declaration in response to any declaration submitted by any expert for the Patent
Owner.

Summary of My Opinions

4, It is my opinion that Claims 1-3 of the ‘550 Patent are invalid as anticipated
under 35 U.S.C.§ 102(b) and Claims 4-5 are obvious to a person of ordinary skill in the art
under 35 U.S.C. §103(a). Moreover, it is my opinion that in addition to being anticipated,
Claims 1-3 are also rendered obvious over prior art.

2
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5. Specifically, | believe that the following are grounds to find Claims 1-5 of the
‘550 Patent invalid:

a. Claims 1-3 are invalid under 35 U.S.C. § 102(b) as anticipated by Japanese
Patent Application Publication No. H08-305322 (Ex. 1002, “the Sharp
Reference”).

b. Claims 1-3 and 5 are also invalid under 35 U.S.C. § 103(a) as obvious over
the Sharp Reference.

c. Claims 1-5 are also invalid under 35 U.S.C. § 103(a) as obvious over the
Sharp Reference in view of U.S. Patent No. 6,407,795 to Kamizono, et al. (Ex.
1004, “Kamizono”).

d. Claims 1-5 are also invalid under 35 U.S.C. § 103(a) as obvious over U.S.
Patent No. 6,081,250 to Shimada et al. (Ex. 1003, “Shimada”} in view of
Kamizono.

Summary of My Professional Background and Qualifications

6. Exhibit 1008 is my curriculum vitae which sets forth my professional
background and qualifications. A list of publications that | have authored or co-authored is
included.

7. | have many years of experience in the flat panel display industry. [ first
became involved in the flat panel display industry in 1973, when | began working at the
University of lllinois Coordinated Science Laboratories where the AC Plasma Display Panel

3
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(“PDP") was invented. During my studies at the University, | was employed as an intern
working in the area of plasma display construction and gas discharge physics
characterization. | received a B.S. degree in Engineering Physics from the University of
lincis.

8. Upon entering graduate school, | continued my work on the characterization
of the gas discharge in the pixels. | received an M.S. degree in Electrical Engineering from
the University of lllinois, and wrote my master’s thesis on measuring the electron density in
an AC PDP.

9.  One of my engineering positions was with Interstate Electronics Corporation
(IEC) as a design electrical engineer. IEC designed drive electronics, mechanically
packaged the display modules, and incorporated them into terminals for harsh, military
environments. | designed several distinct versions of drive electronics for PDPs, including
one using packaged silicon integrated circuits on flexible circuits, or “chip-on-flex.” During
this time, | was awarded several patents relating to PDP technologies. | also investigated
LCDs and thin film electroluminescent displays for incorporation into military applications.

10.  |later formed Plasma Displays, Inc., a single proprietorship consulting
corporation. | worked for several clients, one being Bell Laboratories and AT&T at their joint
Reading, Pennsylvania facility. This facility was where the original picture phone was

developed, the first commercial light emitting diodes (“LEDs") were manufactured, and
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AT&T’s PDPs were developed and manufactured. | worked on PDP drive electronic design,
driver-to-panel interconnect reliability, driver circuit characterization, and yield improvement.

11. | was a founder and Vice President of Plasmaco, a company that acquired
IBM’s PDP production line in New York. Plasmaco manufactured several types of PDPs,
including VGA panels with 640x480 pixels for early notebook computers. Such a panel had
5 driver ICs with 32 outputs per driver for 640 data lines. | also developed larger sized VGA
panels with 1280x1024 pixels. Because of the increase in size, we used the same type of
driver IC chips but doubled the number of driver ICs (i.e., using 10 driver ICs) in the display.
When changing the panel design to increase the size of the panel and/or the number of
pixels, it was a common practice to keep the same type of driver |C as the smaller panel,
but it was necessary to increase the number of driver ICs to accommodate the added pixels
in the larger display.

12. While at Plasmaco, | also developed and manufactured driver chip-on-glass
(“COG") technology that passed extreme militarized environmental testing specifications.
COG technology put electrode driver integrated circuits onto the glass edges of the PDP.
The benefits of using COG technology were that it reduced the physical size and weight of a
notebook computer display and increased the operational reliability of the display.

13. At Science Applications International Corporation, | warked on efficient

backlights for LCDs, some for direct viewing in sunlight. Commercially available LCDs were
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disassembled and repackaged with these backlights. The finished displays were used in
cockpit avionics, medical, banking, and FAA towers.

14. At Hitachi, from 1995 to 1999, | managed a technology center that developed
technologies relating to the interface between the motherboard and the LCD driver chips for
flat panel monitors and notebook displays. | reported directly to the LCD design and
manufacturing center in Japan. | had access to future LCD technical details and
specifications, and facilitated technology transfer between Silicon Valley firms and Japan
management. The Video Electronics Standards Association (‘VESA”) writes and publishes
video standards for the electrical interfacing for displays. | was the chairman of the VESA
flat panel display committee, a member of the board of directors, and later the president of
the board of directors.

15.  While at Philips, from 1999 to 2001, | managed a group of engineers that
designed electronics for flat panel displays. My group designed interface timing ICs and
video processing circuit boards for monitors and televisions utilizing LCDs. My group also
worked with an IC design firm to develop the design of source and gate driver ICs for
enhanced performance LCDs having various sizes. The enhanced performance LCDs were
developed to provide high brightness and used multiple driver ICs, as well as the COG

technology.
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16.  Philips invested in a tiled LCD display company, and | participated in the
technology development using Philips panels. My group designed circuits and assisted with
their incorporation into commercial products within Philips’ worldwide subsidiaries.

17.  Philips purchased the LCD factory of the Korean company LG, and fater
formed a joint venture called LG-Philips LCD. | was a member of the group of technical
advisors that performed the due diligence for Philips for the purchase.

18. At Alien Technology, | was a member of the integrated design team that
produced custom drivers made for cholesteric LCD displays, organic LEDs, and polymer
dispersed LCDs. My responsibilities were |C product definition for the drivers and system
architecture. Driver ICs were fabricated at silicon foundries and formed into small die for
mass assembly utilizing Alien’s fluidic assembly onto flexible, very low cost displays. Since
Alien’s products were very small sized, low cost LCDs, they typically involved only a single
source driver and a single gate driver, whereas the larger sized LCD panels that | worked
on while at Hitachi and Philips had multiple source and gate drivers.

19. | am the named inventor or co-inventor on three U.S. patents in the PDP field.

Materials Considered

20.  Informing my opinions, | reviewed the following documents referenced by

their exhibit number in the Petition for Inter Partes Review of the ‘550 Patent:
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EXHIBIT NO. DESCRIPTION

1001 U.S. Patent No. 7,420,550 to Shen et al. (“550 Patent”)

1002 Japanese Patent Application Publication No. H08-305322 and
Certified English Translation Thereof (“Sharp Reference”)

1003 U.S. Patent No. 6,081,250 ta Shimada et al. (“Shimada”)

1004 U.S. Patent No. 6,407,795 to Kamizono et al. ("Kamizono”)

1005 Prosecution History of U.S. Appl. No. 10/929,473

1006 U.S. Patent No. 5,805,128 to Kim et al. (*Kim")

1009 U.S. Patent Application Publication No. US 2003/0048249 A1 to
Sekido et al. (“Sekido”)

21. 1 also base this declaration on my knowledge from my 30 years of experience
working on liquid crystal display (LCD) and related technologies.

22.  lreserve the right to amend or supplement this declaration based upon any
reports by any expert(s) for the Patent Owner, or any new documents and/or other
information that becomes available.

Compensation

23. | am being compensated at my consuiting rate of $250 per hour for my time

spent in connection with this case. | am being separately reimbursed for any out-of-pocket

8
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expenses. No part of my compensation is dependent upon the outcome of this proceeding
or the nature of the opinions that | express.

Legal Standards

24, To render my invalidity analysis, | have been informed about the legal
standards for patent invalidity in inter parfes review proceedings before the Patent Trial and
Appeal Board.

25.  Specifically, | understand that the petitioner must prove patent invalidity by a
“preponderance of the evidence,” that there is no “presumption of validity" in inter partes
review proceedings, and that claims are to be given their “broadest reasonable” construction
in light of the specification as would be read by a person of ordinary skill in the art.

26. |also understand that a patent claim may be invalidated as anticipated if a
single prior art reference discloses, either expressly or inherently, each and every element
of the patent claim.

27. | also understand that a patent claim may be invalidated by one or more
references, either alone or in combination, as being “obvious” to a person of ordinary skill in
the art at the time the invention was made.

28.  |understand that one way of demonstrating obviousness in the situation
where a prior art reference discloses a single element but the claim requires multiple
elements is to demonstrate that there are no new and unexpected results from increasing

the number of such elements.

600321.1
Page 9 of 76

IPR2015-00887
Exhibit 2006
189 of 272



29. | further understand that an additional way of demonstrating obviousness is to
demonstrate that one or more items of prior art either alone or in combination, contain all of
the elements of a claim.

30.  ltis my understanding that in considering the issue of obviousness, | should
consider what a person of ordinary skill in the pertinent art would have known at the time of
the invention, as well as what such a person would have reasonably expected to have been
able to do in view of that knowledge.

31.  |understand that in analyzing the issue of obviousness, | should consider and
determine: (1) the scope and content of the prior art; (2) the differences between the prior
art and the claims at issue; and (3) the level of ordinary skill in the pertinent art.

32.  |further understand that any of the following may provide a “reason” for
combining elements known in the prior art: (a) a need or problem known in the field at the
time of invention and addressed by the patent; (b) an obvious use of familiar elements
beyond their primary purposes; (c) a design need or market pressure to solve a problem; (d)
a simple substitution of one known element for another that would provide predictable
results; (e) the use of known techniques to improve similar methods or products in the same
way; or (f) some teaching, suggestion, or motivation in the prior art that would have led ane
of ordinary skill to modify the prior art reference or to combine prior art reference teachings

to arrive at the claimed invention.
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33.  lalso understand that claims may be invalid if they are directed to obvious
design choices. Specifically, | understand that a patent claim that simply arranges old
elements with each performing the same function it had been known to perform is not
patentable. The combination of familiar elements according to known methods is likely to
be obvious when it does no more than yield predictable results.

34. 1also understand that certain “secondary considerations” of non-obviousness
may be considered, to the extent that they exist. It is my understanding that such
secondary considerations include, among others: (a) commercial success; (b) long felt but
unsolved needs; and (c) the failure of others. | understand that there must be some
connection to the secondary considerations and the claimed invention. | reserve my right to
address any evidence or opinions the patent owner may submit on this issue.

THE ‘550 PATENT

35. | understand that the application leading to the '550 Patent was U.S. Patent
Application No. 10/929,473, which was filed on August 31, 2004. For the purposes of my
analysis, | assume that the time of the purported invention was August 31, 2004.

36.  The '550 Patent relates to an active matrix liquid crystal display (LCD) device
and driving circuit for the LCD device. In particular, the ‘650 Patent describes a specific way
of connecting the gate and data lines to the thin film transistors (TFTs) driving pixels in an

LCD panel.

"
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LCD Panels and Driving Devices Were Known in the Prior Art

37.  As acknowledged in the '550 Patent, active matrix LCD panels and the use of
data and gate lines, or source and gate drivers for TFTs in LCD panels were all known in
prior art. (Ex. 1001, '550 Patent, Col. 1:23-61, Figs. 1A-1B).

38.  As shown below by multiple shaded blocks in annotated Figure 1A of the ‘550
Patent, the “Prior Art” driving circuit for LCD panels included multiple source drivers 11 and
multiple gate drivers 12. (/d. at Fig. 1A). The source drivers 11 (purple boxes) provide
image signals (i.e., video signals) to an LCD panel 10 through a plurality of data lines 111
(purple lines), while the gate drivers 12 (orange boxes) provide scanning signals (i.e.,

control signals) to the LCD panel 10 through a plurality of gate lines 121 (orange lines).

Source Drivers
',—11 Scurce driver
Gate .
10 =
Gate AIQ D‘Z\\\ 3
: /G 1 Gate Line
] Lines cras b1 | 13
% T
P Cs Le !
& \
. ! L2 ,jGa-te Line
~ ,./‘
Data~———"Data
line Line
Lines
Fig. 1A (Prior Art) Fig. 1B (Prior Art)

39.  As shown above in Figure 1A, prior art LCD panels included data lines 111

and gate lines 121 arranged in a matrix array.
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40.  According to the ‘550 Patent, the data lines 111 and gate lines 121 in the
“Prior Art" shown in Figures 1A and 1B are "insulated with each other." (Ex. 1001, ‘550
Patent, Col. 1:45-47).

41.  As shown above in Figure 1B, a pixel 13 in this prior art LCD panel is formed
within each area enclosed by intersecting data lines (e.g., purple line D) and gate lines
(e.g., orange line G1).

42.  Asthe ‘550 Patent acknowledges, each pixel 13 in prior art LCD panel
included a thin film transistor Qi {(TFT, highlighted in yellow), which is switched on and off by
a control signal from the gate driver 12 through a gate fine Gs.

43.  The source of the TFT Q« receives the image signal sent from the source
driver 11 through the data line D+. An output voltage from the TFT Q1 drives liquid crystal
molecules corresponding to the pixel 13 to form an image. (/d. at Col. 1:45-57, Fig. 1B).

44.  The time that an LCD needs to react to the driving voltage output by each
TFT is called “response time,” and the video quality of an LCD panel is dependent on this
response time. In this regard, the video quality may be poor if the LCD response time is to0
long. (ld. at Cols. 1:62-2:41).

The Alleged Invention of the ‘550 Patent

45, According to the 550 Patent, its “chief object” is to provide an LCD driving
circuit having a matrix structure in which the gate and data lines are connected to the TFTs
in a specific way that allegedly increases “the response speed” of the LCD. (fd. at Col.

13
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3:18-20, 35-40). This configuration is shown in, for example, Figure 4B, which is

reproduced below.

’550 Patent Fig. 4B
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46.  As shown above in annotated Figure 4B, the driving device includes a matrix
array formed from rows (R1-R3) and columns (C1-C3) of TFTs (Q). Each TFT in the matrix
is associated with a pixel (represented by the dashed rectangles). The driving device
further includes a certain number (“N”) of gate lines G; (i=1, 2, ... N), and a certain number

("M") of groups (e.g., pairs) of data lines Dyand Dy (i, /=(1,1), (2, 2), ... (M, M’)). For
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example, as shown in Figure 4B above, the driving device has three gate lines, Gi, Gz, and
Gs, and two groups of data lines (D1, Dv } and (D2, D2)).

47.  As shown in Figures 4A, 5A, and 6A, the '550 Patent describes a source
driver with a limit of 60 Hz but provides no further explanation or specification. Absent in
the 550 Patent is the number of drive channels or outputs per source driver and matrix size.
One would calculate the number of required driver ICs by dividing the horizontal pixel count
by the number of drive channels per data driver. The driving device shown in Figure 4A
uses 60 Hz source drivers; it doubles the normal calculated number of source drivers and
mounts them on a single glass panel edge. The driving device shown in Figure 5A also
uses 60 Hz source drivers; it again doubles the normal calculated number of data drivers,
but mounts them on both the top and bottom edges of the panel with an interdigitated
column connection. The driving device shown in Figure 6A uses 120 Hz or faster source
drivers, mounted on one panel edge, and then adds dual switches to each output channel
for driving the paired data electrodes.

48.  The ‘550 Patent does not discuss the benefits or reasons for including a
single source driver and a singie gate driver on the one hand, and having a set of multipie
source and gate drivers on the other hand.

49.  Multiple source and gate drivers were commonly used in the prior art,
particularly LCD panels as they increased in screen size. In fact, when I was in the LCD
industry before the filing date of the ‘550 Patent, it was a common practice to change the
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panel design to increase the size of the panel and/or the number of pixels by simply adding
more driver ICs. For example, while the small, low cost LCD panel (which had an
equivalent pixel dimension of 7x4) that | worked on at Alien Technology had only a single
source driver and a single gate driver, all the large sized LCD panels (which had pixel
dimension of at least 800x600) that | worked on at Philips had multipie driver ICs.

50.  Consistent with my experience, U.S. Patent Application Publication No. US
2003/0048249 A1 to Sekido et al. (Ex. 1009, “Sekido™), which was published on March 13,
2003, states that “in order to drive many gate bus lines and the source bus lines on the
display circuit board, a plurality of the gate drivers and source drivers must be
connected o the area around the liquid crystal display panel.” (Par. [0006]) (emphasis
added). Sekido further teaches that increasing the size of the LCD screen will increase the
number of driver ICs in the panel. (Par. [0008]). Other prior art references discussed below
also teach the use of multiple source and gate drivers for a large sized or high resolution
LCD panel.

51.  As shown above in Figure 4B, the gate line Gi(e.g., G1, Gz, and G3) in each
row is connected to the gates of each TFT in that row. However, for each column, the first
and second data lines D; and Dj that form a group of data lines are not connected to all
TFTs in that column. Instead, the first data line D;in each column is connected only to the

sources of the TFTs in the odd rows (see the red boxes in R1, R3, etc.) of that column,

16

600321.1

Page 16 of 76

IPR2015-00887
Exhibit 2006
196 of 272



while the second data line Dy in the same column is connected only to the sources of the
TFTs in the even rows (see the green box in R2) that column. (/o at Col. 8:10-31).

52.  For example, referring to the first group of data lines D1 and Dr (see the red
and green lines) in first column (C1) of Figure 4B above, the first data line D1 (see the red
line) is connected to the sources (red dots) of the TFTs in the first and third rows (red boxes
in R1 and R3 of the first column C1), while the second data line D1 (green line) is connected
to the source (green dot) of the TFT in the second row (green box in R2 of the first column
C1). Similarly, for the second pair of data lines (i.e., Dz and D) in the second column, the
first data line (i.e., Do) is connected to the sources of the TFTs in the first and third rows (i.e.,
R1 and R3 of the second column C2), while the second data line Dz is connected to the
source of the TFT in the second row (i.e., R2 of the second column C2).

53.  According to the ‘550 Patent, this alternating connection with the Odd
Row/Even Row (“Odd Row/Even Row" configuration) reduces the response time of the LCD
panel. (Id. at Col. 3:35-40). However, the ‘550 Patent does not explain how this reduction
OCCUrs.

54.  The gate lines are connected to the gate driver are “insulated with each other;”
and the data lines are connected to the source driver and are “insulated with each other.”
(Ex. 1001, 550 Patent, Col. 8:20-22, Col. 8:29-31). The ‘550 Patent goes on to explain that
a space is provided between the neighboring data lines (e.g., Dv and Dz) to prevent them
from short circuiting. (Ex. 1001, ‘550 Patent, Col. 8:31-36, Fig. 4C).
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55.  As shown below in annotated Figure 6A, the first and second data lines D
and Dy (e.g., red and green lines D1 and D1} in each group (i.e., pair) of data lines are
connected to the same source driver (purple box), and data is transferred to these data lines

by an electronic switch S (highlighted in yellow). (/d. at Col. 5:4-8, Col. 8:50-52).

’550 Patent Fig. 6A
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56.  In addition, all of the source drivers are installed on the same side (e.g., upper
side) of the LCD panel. (See also id. at Fig. 4A, Col. 8:37-38). The ‘550 Patent

acknowledges that these components were arranged in the exact same way in the “Prior Art”

in Figure 1A. (/d. at Col. 1:36-45, Fig. 1A).
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57.  The ‘5650 Patent also states that the gate driver can be “a chip on glass or an
integrated gate driver circuit on glass.” (/d. at Col. 8:53-54). However, the ‘550 Patent does
not define either of these terms, nor does it explain the difference between “a chip on glass’
and “an integrated gate driver circuit on glass.”

PROSECUTION HISTORY OF THE ‘550 PATENT

58. | understand that as originally filed, the application for the ‘550 Patent
included claims directed to six different embodiments described in the '550 Patent. | also
understand that, in response to a “Restriction Requirement” (Ex. 1005, p. 122), only the
claims directed to the “First Embodiment” (i.e., “Species I; Figures 4A-4C") (/d. at p. 127)
were elected and the claims directed to the other embodiments were canceled.

59. | understand that during prosecution, the application claim corresponding to
Claim 1 of the ‘650 Patent was rejected as anticipated by U.S. Patent No. 5,805,128 to Kim
etal. (Ex. 1006, “Kim"). (See Ex. 1005, p. 141). This application claim was identical to
Claim 1, except that it did not include the last element of Claim 1, namely “the first data lines
and the second data lines of each group of data lines are connected with the same source
driver.” (See id. at pp. 31, 152).

60.  As shown below, annotated Figure 5 of Kim shows an LCD driving device of
matrix structure type including the Odd Row/Even Row configuration, gate lines 3
connected to a gate driver 16, first data lines 10 connected to a data driver 8 on the bottom,
and second data lines 14 connected to a data driver 12 on the top. (Ex. 1006, Kim, Col.
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3:26-37, Col. 4:28-51, FIG. b). | note that Figure 5 of Kim shows the Odd Row/Even Row

configuration that is virtually identical to the one shown in Figures 5A and 5B of the ‘550

Patent.
Source Driver » )
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Driver
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Source Driver

61.  Inthe prosecution history, | did not find any argument by the applicants
disputing the Examiner's position that Kim disclosed all elements of the rejected claim,
including the Odd Row/Even Row configuration and gate drivers. Rather, the applicants
distinguished the rejected claim over Kim by including an additional claim limitation, namely
that “the first data lines and the second data lines of each group of data lines are connected
with the same source driver.” (Ex. 1005, pp. 152, 156). The claim was subsequently
allowed by the Examiner.
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62.  Even though Figure 5 of Kim does not disclose “the same source driver”
limitation, the technique of connecting first and second data lines of each group of data lines
with the same source driver in an LCD device was well known in the prior art, including the
Sharp Reference and Shimada as discussed below. | understand that none of the Sharp
Reference, Shimada, and Kamizono referred to in this declaration was considered by the
Examiner during prosecution of the '550 Patent.

CLAIM CONSTRUCTION

63. | understand that in inter partes review proceedings, patent claims are to be
given their “broadest reasonable” construction in light of the specification as would be read
by a person of ordinary skill in the art.

64.  Most of the terms of Claims 1-5 of the ‘550 Patent are clear to me, except for
the following terms.

“The first and the second date lines of the first group of date lines”

65.  Independent Claims 1 and 2 each recite that “the first and the second date
lines of the first group of date lines are respectively connected with the sources of all the
thin film transistors of the odd and the even rows of the first column . .. ." (Ex. 1001, 550
Patent, Col. 19:52-56, Col. 20:13-17) (emphasis added). Nowhere else in the ‘550 Patent is
there any mention or discussion of “date lines.” | believe that the term “date lines” in this

claim recitation is meant to be “data lines.”
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“Gate lines . . . insulated with each other” and “data lines . . . insulated with each
other”

66.  Independent Claims 1 and 2 each recite “a group of N gate lines . ..

insulated with each other’ and “M groups of data lines . . . insulated with each other.”

(Ex. 1001, ‘550 Patent, Col. 19:44-45, 51-52, Col. 20:5-6, 12-13) (emphasis added). The
‘550 Patent does not explain what “insulated with each other” means. Rather, the
specification uses the same phrase “insulated with each other” when describing the data
lines 111 and gate lines 121 shown in the “Prior Art” in Figures 1A and 1B of the ‘550 Patent
(id. at Col. 1:45-47), as well as the data lines (D1, D, Dz, D2) and the gate lines (Gi1, Gz, Gs)
shown in Figures 4A-4C of the First Embodiment. (/d. at Col. 8:20-22, 29-31).

67. | believe that “insulated with each other” means “spaced apart from and
parallel to each other.” This is consistent with Figures 1A-1B of the “Prior Art” in the 5650
Patent, which show that the data lines 111 are spaced apart from and parallel to each other
(thereby “insulated with each other”) and the gate lines 121 are likewise spaced apart from
and parallel to each other (thereby “insulated with each other”). This is also consistent with
all of the figures that describe the First Embodiment of the ‘550 Patent (e.g., Figs 4A-4C,
5A-5B, 6A-6B), which also show that the data lines (e.g., D1, D+, D2, D2) are spaced apart
from and parallel to each other (thereby “insulated with each other”), and the gate lines (e.g.,
G1, Ga, Gs) are spaced apart from and parallel to each other (thereby “insulated with each

other”).
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“the gate drivers” and the “source drivers”

68.  Independent Claims 1 and 2 refer to “gate lines connected to the gate drivers’
and “data lines connected to the source drivers.” However, the term “source driver” is not
mentioned in the specification of the '550 Patent. Rather, the specification refers to “data
drivers.”

69.  Using the broadest reasonable construction, | believe that a person of
ordinary skill in the art would construe these terms as written in the plural form, that is, “the
gate drivers” refer to more than one gate driver and “the source drivers” refer to more than
one source driver.

70.  However, the specification, drawings, and prosecution history of the 550
Patent use the terms “source drivers” and “gate drivers” to cover a variety of driving circuits
and configurations known at the time of the invention. These are discussed below:

1, “Gate Drivers” and “Source Drivers” May Refer to Multiple
Driving Circuits

71.  In the certain figures in the ‘550 Patent, the “gate drivers” and “source drivers”

are used to refer to multiple driving circuits, as shown in the “Prior Art” (e.g., Fig. 1A of the
'550 Patent). As shown in Figure 1A, the “gate driver" and "source driver” each comprise

multiple driver circuits (e.g., integrate circuit (IC) chips in the purple and orange boxes).
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72, Atthe time that the '550 Patent was filed, it was widely known that such
drivers could be implemented using multiple IC chips. Specifically, as LCD displays
increase in size with the increased number of pixels, the number of gate lines and data fines
likewise increases. However, it becomes difficult, from a packaging and cost perspective, to
fabricate a single chip capable of driving hundreds or even thousands of data and source
lines. Therefore, a person of ordinary skill in the art would use multiple driver IC chips in
larger sized LCD panels to keep costs, time and labor down and to simplify packaging.

2. “Gate Drivers” and “Source Drivers” May Refer to A Single
Circuit With Multiple Outputs

73.  Inaddition, a person of ordinary skill in the art would understand that “gate
drivers" and “source drivers" includes a single circuit (whether an [C or made up of discrete
components) having multiple outputs. In that case, a person of ordinary skill in the art would

understand that each data or gate line is connected to a separate “driver." This is because
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each output provides a unique signal to a data or gate line. This is illustrated, for example,
in the Kim reference (Ex. 1006), cited during the prosecution of the ‘650 Patent (discussed
above). As shown below in Figure 5, the gate driver 16 of Kim is depicted as a single circuit
block having multiple output lines. The Examiner found that Kim discloses the claimed
“qate drivers.” (Ex. 1005, p. 141). The applicants did not dispute this. The Examiner and
applicants’ understanding is consistent with that of a person of ordinary skill in the art at the

time of the invention.

Kim Fig. 5
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LEVEL OF SKILL IN THE ART

74.  Aperson of ordinary skill in the art would have had an undergraduate degree
in electrical engineering, or equivalent work experience. That person would also have had 2
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to 5 years of experience designing flat panel display drive electronics, designing active
matrices for LCDs, or designing IC drivers.

STATE OF THE ART

75. By the filing date of the '550 Patent in 2004, the LCD display industry had
numerous multi-national companies manufacturing LCD displays in volume for various
consumer applications like notebook computers, desktop monitors, televisions, pocket
entertainment devices, and mobile phones. Competition for market share was fierce, and
older LCD issues like limited viewing angle, display brightness, and motion blur were
incrementally impraved with each product introduction. As the LCD industry grew, so did
the support infrastructure for liquid crystal material, substrate glass, polarizer material,
backlight modules, light control films, chemicals for color filters, and silicon drive ICs. The
LCD manufacturer had multiple supply sources for each of these components.

76.  The LCD driver ICs for source and gate drivers were designed by companies
in close communication with the panel manufacturers. These ICs use conventional single
crystal silicon processing and are manufactured in multiple foundries. The time from driver
specification to volume manufacture was on the order of one year. Therefore, panel
manufacturers used the ICs that were available at the time of their product introductions.

77.  The LCD driver ICs had increasing number of output channels, faster clocking
speeds, different logic interfaces, and more features for the display manufacturers. The ICs
were sold for COG assembly or Tape Automated Bonding (TAB). The COG method uses an
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Anisotropic Conductive Film (ACF) for interconnection between the driver pads and the
panel electrodes. The TAB method, along with numerous variations, attaches the driver die
to a flexible film with copper traces. The driver outputs are connected to the panel
electrodes with ACF, and the logic inputs and power to the driver are connected with ACF or
conventional connectors. The display module assembly used COG and TAB extensively
since the 1990’s. It was also well-known at the time of the filing date of the ‘550 Patent that
an LCD panel must include a glass substrate or other substantially transparent substrate to
transmit the light from the backlight to the LCD viewer’s eyes. LCD panels modulate the
light generated by the backlight assembly and passed through the glass substrate (or other
transparent substrate) according to the TFT drive signals. The light exits the LCD surface
nearest the viewer and allows the viewer to see the visual image generated based on the
electrical input signal.

78.  The number and location of source and gate drivers depends on the LCD
panel size, pixel size, and other market driven factors. The available drivers could be
mounted on a single panel edge or both panel edges. This is true for both the gate axis and
the data or source axis. This design change was made as early as the 1970s. When the
drivers are attached on opposite panel edges, the interconnection density of connections
per linear distance is halved, the driver's power dissipation is spread out, the data clocking
rate is halved, peak currents to drivers are distributed more evenly, and the image is more
uniform if electrode resistance is an issue across the panel.
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79.  As of the filing date of the ‘5650 patent, workers in the field of LCD devices
were aware of several developments, including:

a. active matrix LCD panels;

b. the Odd Row/Even Row configuration;

c. the use of single or multiple gate drivers and single or muitiple source drivers,
with the decision to use multiple drivers driven, at least in part, by the size of
the LCD panel;

d. the use of chip on glass technology; and

e. the use of integrated driver circuit on glass

SHARP REFERENCE

80. The Sharp Reference discloses an LCD device comprising a matrix array of
thin film transistors (TFTs) 7, which drive the corresponding array of pixel units 4, as shown
below in annotated Figure 10. (Ex. 1002, Sharp Reference, Pars. [0049], [0130], [0140]-
[0145], FIG. 10).

81.  The Sharp Reference states that its object is to improve image quality by
reducing data signal noise and crosstalk (e.g., image biurring) and preventing a “ghost
phenomenon* arising from the slow response time. (Id., Par. [0030]).

82.  The Sharp Reference also teaches that source driver circuits can be

implemented in a certain way (using “driver sample hold method”) to solve the problem of
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insufficient image data write time arising from increasing the number of pixels in the

horizontal scan direction in an LCD panel. {/d., Pars. [0013]-[0019]).

Sharp Reference Fig. 10
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83.  As shown above in annotated Figure 10, each gate bus line & is connected to
a gate driver 3. Specifically, each gate bus line 6 is associated with a unique AND circuit 81

(e.g., shaded in orange and labeled as “1”), and gate shift register 3a. In this way, each
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gate bus line 6 is individually driven by the output of the unique AND circuit 81. (/d., Pars.
[0142]-[0145], FIG. 10).

84. | believe that under the broadest reasonable construction discussed above, a
person of ordinary skill in the art would have understood that Figure 10 of the Sharp
Reference explicitly shows multiple gate drivers. Specifically, | believe that each gate driver
includes gate shift register 3a and an AND circuit 81 connected to an individual gate line 6
because they operate together to generate a non-overlapping gate pulse for each gate line
6. The first gate driver is the AND circuit “1" in communication with shift register 3a; the
second gate driver is the AND circuit “2” in communication with shift register 3a; and the
third gate driver is the AND circuit “3" in communication with shift register 3a. (/d.).

85.  Annotated Figure 10 also shows groups of source bus lines 5 connected to
the source drivers 71.

86. 1believe that under the broadest reasonable construction discussed above, a
person of ordinary skill in the art would have understood that Figure 10 of the Sharp
Reference explicitly shows multiple source drivers. Specifically, | believe that each source
driver includes source shift register 10, AND circuit 72, data signal lines 73, 74, sampling
switches 19, 20 (or 21, 22), and sampling capacitors 24, 25 (or 26, 27). The first source
driver includes AND circuit 72 (labeled “1”) in communication with shift register 10, data
signal lines 73, 74, sampling switches 19, 20, and sampling capacitors 24, 25. The second
source driver includes AND circuit 72 (labelled “2”) in communication with shift register 10,
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sampling switches 21 and 22, and sampling capacitors (not numbered). (Ex. 1002, Sharp
Reference, Pars. [0131]-{0140], [0145], FIG. 10).

87.  As shown above in annotated Figure 10, each set of first source bus line 5
(red) and second source bus line 5 (green) in each column (e.g., C1, C2) is associated with
a unique AND circuit 72 (e.g., shaded in purple and labeled as “1" and “2"). This unique
AND circuit 72 operates with the associated circuit elements, i.e., source shift register 10,
and a unique set of sampling switches (e.g., 19, 20) and sampling capacitors (e.g., 24, 25)
to drive the first and second source bus lines (red and green lines) in each group of source
bus lines 5. (Ex. 1002, Sharp Reference, Pars. [0131]-{0140], [0145], FIG. 10).

88.  Forexample, for the first source driver in the first column C1, the AND circuit
72 obtains the output of the source shift register 10 and inputs its logical product to the gate
terminals of the sampling switches 19 and 20. Meanwhile, data signals from the data signal
lines 73 and 74 are respectively input to the source terminals of the sampling switches 19
and 20, and their outputs are respectively held in the sampling capacitors 24 and 25. These
held output signals are then input to the first and second source bus lines 5 on both sides of
pixel units 4 in the first column C1. For the second source driver in the second column C2,
the AND circuit 72 obtains the output of the source shift register 10 and inputs its logical
product to the gate terminals of the sampling switches 21 and 22. Meanwhile, data signals
from the data signal fines 73 and 74 are respectively input to the source terminals of the
sampling switches 21 and 22, and their outputs are respectively held in the sampling
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capacitors (not numbered). These held output signals are then input to the first and second
source bus lines 5 on both sides of pixel units 4 in the second column C2. {Ex. 1002, Sharp
Reference, Pars. [0131}[0140], [0145], FIG. 10). In this way, each set of first and second
source bus lines 5 associated with each column of pixel units 4 are individually driven by a
separate source driver. Accordingly, | believe that the Sharp Reference explicitly teaches
multiple source drivers.

89.  The Sharp Reference also teaches that the gate bus lines 6 are spaced apart
from and parallel to each other (i.e., insulated with each other), and that the source bus
lines 5 are likewise spaced apart from and parallel to each other (i.e., insulated with each
other). (/d., FIG. 10).

90. As shown above in annotated Figure 10, each gate bus line 6 is connected
with the gates of all of the TFTs 7 in the row associated with that gate bus line. For
example, the first gate line 6 is connected with the gates of all of the TFTs 7 of the first row
(R1), the second gate line 6 is connected with the gates of all of the TFTs 7 of the second
row (R2), etc. (Id., Par. [0143], FIG. 10).

91.  Annotated Figure 10 above also shows the claimed Odd Row/Even Row
configuration. In this regard, the first source bus line 5 (red line) and the second source bus
line 5 (green line) in each group of data bus lines are respectively connected with the

sources of all of the TFTs 7 of the odd rows (red boxes in R1 and R3) and even rows
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(green boxes in R2) of the column (C1, C2) associated with that group of source bus lines,
as required by all Claims of the ‘650 Patent.

92.  Forexample, the first source bus line & (red line) of the first group is
connected with the sources (red dots) of the TFTs 7 of the first row and third row (see the
red boxes in R1 and R3) in the first column C1, while the second source bus line 5 {green
line) of the first group is connected with the sources (green dot) of the TFT 7 of the second
row (green box in R2) in the first column C1. (ld., Pars. [0131]-{0140], [0145], FIG. 10). The
same Odd Row/Even Row configuration is provided in each column (e.g., C2).

93.  The benefits of the Odd Row/Even Row configuration were already well
known in the prior art, including the Sharp Reference. The Sharp Reference teaches that
the Odd Row/Even Row configuration in an LCD Panel prevents adjacent pixel TFTs 7 in
the column direction from being tured on simultaneously. This reduces the effect of data
signal noise and therefore improves the video quality of the LCD panel. (id., Pars. [0144]-
[0145], [0030]).

94, Inthis regard, | believe that the benefits of using the Odd Row/Even Row
configuration became particularly significant as the size of the LCD panel and/or the number
of pixels increased. When LCD screens became large enough to compete against the
conventional cathode ray tube (CRT) screens, there was market and design need to
improve the video quality of LCD panels. But this required increased number of pixels in an
LCD panel and at the same time, a faster way to drive these pixels accurately, The Odd
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Row/Even Row configuration was one of the various techniques developed in the prior art to
meet this need.

95.  As shown in Figure 10, the source drivers 71 for all source bus lines 5 are
installed on the same side (e.g., upper side) of the display panel.

96.  Figure 10 also shows that the first and the second source bus lines 5 (the red
and green lines) in each group of source bus lines are connected with the same source
driver. (/d., Pars. [0131}-{0140], FIG. 10).

97.  The transfer of data signals from the data signal lines 73, 74 to the first and
the second source bus lines 5 (the red and green lines) is switched by sampling switches 19,
20 (or 21, 22) (highlighted in yellow). (Id., Pars. [0134]-[0135], [0137])-{0139], FIG. 10).

THE SHARP REFERENCE ANTICIPATES CLAIMS 1-3

98.  As discussed below, | believe that the Sharp Reference explicitly discloses
each and every element of Claims 1-3 of the ‘650 Patent.

99.  As shown below in annotated Figure 10, the Sharp Reference teaches an
LCD device comprising a matrix array of thin film transistors (TFTs) 7, which drive the
corresponding array of pixel units 4. (/d., Pars. [0049], [0130], [0140]-{0145}, FIG. 10).

THE SHARP REFERENCE DISCLOSES MULTIPLE GATE DRIVERS

100. As explained above in paragraph 84, | believe that Figure 10 of the Sharp

Reference explicitly discloses multiple gate drivers.
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101.  As shown in Figure 10, gate lines 6 are connected to the corresponding gate
drivers 3, as required by Claims 1 and 2.

102. Each gate driver comprises gate shift register 3a, and AND circuit 81. (/d.,
Pars. [0142]-[0145], FIG. 10).

HE SHARP REFERENCE DISCLOSES MULTIPLE SOURCE DRIVERS

—_—

103.  As explained above in paragraphs 86-88, Figure 10 also explicitly discloses
multiple source drivers.

104.  As shown in Figure 10, groups of data lines 5 are connected to the
corresponding source drivers 71.

105. Each source driver comprises source shift register 10, AND circuit 72, data
signal lines 73, 74, sampling switches 19, 20 (or 21, 22), and sampling capacitors 24, 25 (or
26, 27). (Ex. 1002, Sharp Reference, Pars. [0131]-{0139], FIG. 10).

THE SHARP REFERENCE DISCLOSES THAT FIRST AND SECOND DATA LINES IN
EACH GROUP OF DATA LINES ARE CONNECTED WITH THE SAME SOURCE DRIVER

106. As required by Claims 1-2, annotated Figure 10 of the Sharp Reference
shows that the first and second data lines (e.g., red and green lines 5) in each group of data
lines are connected with the same source driver (e.g., source driver in purple comprising
source shift register 10, AND circuit 72, data signal lines 73, 74, sampling switches 19, 20
(or 21, 22), and sampling capacitors 24, 25 (or 26, 27)). (/d., Pars. [0131]-[0140], FIG. 10).
As discussed above, during prosecution, Claim 1 of the ‘550 Patent was allowed over Kim

based on this feature.
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THE SHARP REFERENCE DISCLOSES THAT DATA LINES/GATE LINES ARE

INSULATED WITH EACH OTHER

107.  As explained above, Figure 10 of the Sharp Reference also shows that the

gate lines 6 are “insulated with each other” under the broadest reascnable construction of

this term since they are spaced apart from and parallel to each other; and the data lines 5

are likewise insulated with each other as they are spaced apart and parallel to each other.

(Ex. 1002, Sharp Reference, FIG. 10). Indeed, the spacing (insulation) between the data

and gate lines in the Sharp Reference and the ‘550 Patent is virtually identical, as shown

below in the side-by-side comparison of Figure 4B of the ‘550 Patent and Figure 10 of the

Sharp Reference.

‘550 Patent Fig. 4B
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THE SHARP REFERENCE TEACHES THE ODD ROW/EVEN ROW CONFIGURATION

108. The claimed Odd Row/Even Row configuration of the ‘550 Patent (shown on
the left) is present in the LCD device of the Sharp Reference (shown on the right). (/d., Pars.
[01447-{0145), FIG. 10). Specifically, the first data line 5 (see the rgd line) is connected to
the sources {red dots) of the TFTs (red boxes) in the odd rows (R1 and R3). The second
data line 5 (green fine) is connected to the sources (green dot) of the TFTs (green boxes) in
the even rows (R2). Figure 4B of the later '550 Patent (shown on the left) has the exact
same Odd Row/Even Row configuration.

THE SHARP REFERENCE DISCLOSES THAT EACH SOURCE DRIVER IS INSTALLED
ON THE SAME SIDE OF THE DISPLAY PANEL

109. Figure 10 of the Sharp Reference also shows that each source driver (e.g.,
source drivers in purple) is installed on the same side (e.g., upper side) of the display panel
(Ex. 1002, Sharp Reference, Pars. [0130]-{0140], FIG. 10), as required by Claim 2.

THE SHARP REFERENCE DISCLOSES SWITCHES FOR DATA TRANSFER

110.  Figure 10 of the Sharp Reference shows that data transfer is switched by
each sampling switch 19, 20, 21, 22 (id., Pars. [0134]-[0135], [0137]-[0139], FIG. 10}, as
required by Claim 2.

THE SHARP REFERENCE DISCLOSES A SPACE BETWEEN NEIGHBORING DATA
LINES TO PREVENT SHORT CIRCUITING

111.  Claim 3, which depends from Claim 2, recites that “there is a space [i.e., a
gap] between the neighboring data lines to prevent them from short circuit.” Figure 10 of
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the Sharp Reference clearly shows a space between the neighboring data lines 5 that
prevents short circuiting.

112.  Just like in Figure 4B of the ‘550 Patent, Figure 10 shows that the first data
line 5 (red) is on the left side of the pixel TFTs in the first column (C1), and the second data
line 5 (green) is on the right side of the pixel TFTs in the first column (C1). This space
prevents short circuiting between the first and second data lines.

113.  When two neighbaring data lines are shown to be spaced apart from each
other in the schematic circuit diagrams for an LCD driving device, such as Figure 10 of the
Sharp Reference or Figure 4B of the ‘550 Patent, | expect that there is a sufficient space
between these data lines to prevent short circuiting. Otherwise, the LCD driving device
would not be operating as described in the reference.

SHARP REFERENCE DISCLOSES EACH AND EVERY ELEMENT OF CLAIMS 1-3

114.  The following claim charts summarize where | believe each element of Claims

1-3 is taught by the Sharp Reference:

The Claims Of The ‘550 Patent Sharp Reference
1. A liquid crystal display driving Sharp Reference discloses a liquid crystal
device of matrix structure type display driving device of matrix structure type
including: (Ex. 1002, Sharp Reference, Pars. [0001}-

[0003], [0130], FIG. 10).

a group of thin film transistors with Sharp Reference discloses a group of thin film
matrix array consisting of N rows and | transistors 7 with matrix array consisting of n

M columns of thin film transistors, (e.g., 3) rows and m (e.g., 2) columns of thin
wherein each thin film transistor can | film transistors 7, wherein each thin film

drive one pixel so that NxM of pixels | transistor can drive one pixel unit 4 so that nxm
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The Claims Of The ‘550 Patent

Sharp Reference

can be driven;

(e.g., 3x2) of pixel units can be driven (Ex.
1002, Sharp Reference, Pars. [0049], [0130],
[0140]- [0145], FIG. 10).

a group of N gate lines connected to
the gate drivers and insulated with
each other, wherein the first gate line
is connected with the gates of all the
thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the Nt gate fine is connected with the
gates of all the thin film transistors of
the Nt row; and

Sharp Reference discloses a group of n {e.g., 3)
gate bus lines 6 connected to the gate drivers 3.
The first gate driver is the AND circuit 1" in
communication with shift register 3a; the second
gate driver is the AND circuit “2" in
communication with shift register 3a; and the
third gate driver is the AND circuit 3" in
communication with shift register 3a. The gate
lines are insulated with each other by being
spaced apart from and parallel to each other.
The first gate bus line 6 is connected with the
gates of all the thin film transistors 7 of the first
row. The second gate bus line 6 is connected
with the gates of all the thin film transistors 7 of
the second row . . . and the nt (e.g., 39) gate
bus line 6 is connected with the gates of all the
thin film transistors 7 of the n* (e.g., 3) row
(Ex. 1002, Sharp Reference, Pars. [0142}-
[0145], FIG. 10).

M groups of data lines connected to
the source drivers and insulated with
each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin film
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the
thin film transistors of the odd and the
even rows of the second column ., ..
and the first and the second data
lines of the Mt group of data lines

Sharp Reference discloses m (e.g., 2) groups of
source bus lines 5 connected to the source
drivers 71. The first source driver includes AND
circuit 72 (labeled “1”) in communication with
shift register 10, data signal lines 73, 74,
sampling switches 19, 20, and sampling
capacitors 24, 25. The second source driver
includes AND circuit 72 (labelled “2") in
communication with shift register 10, sampling
switches 21 and 22, and sampling capacitors
(not numbered). The groups of data lines are
insulated with each other by being spaced apart
from and parallel to each other. The first and
the second source bus lines 5 of the first group
of source bus lines are respectively connected

600321.1
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The Claims Of The ‘550 Patent

Sharp Reference

are respectively connected with the
sources of the all thin film transistors
of the odd and the even rows of the
Mth column, and

with the sources of all the thin film transistors 7
of the odd and the even rows of the first
column. . . . The first and the second source bus
lines 5 of the mth (e.g., 2nd) group of source bus
lines are respectively connected with the
sources of the all the thin film transistors 7 of
the odd and the even rows of the mth (e.g., 2nd)
column (Ex. 1002, Sharp Reference, Pars.
[0131]-{0140], [0145], FIG. 10).

the first data lines and the second
data lines of each group of data lines
are connected with the same source
driver.

Sharp Reference discloses that the first source
bus lines 5 and the second source bus lines 5 of
each group of source bus lines are connected
with the same source driver 10, 72, 73, 74,19,
20, 24,25 (or 10, 72, 73,74, 21, 22, 26, 27)
(Ex. 1002, Sharp Reference, Pars. [0131]-
[0140], FIG. 10).

2. The liquid crystal display device of
matrix structure type including:

See Claim 1 above.

a group of thin film transistors with
matrix array consisting of N rows and
M columns of thin film transistors,
wherein each thin film transistor can
drive one pixel so that NxM of pixels
can be driven;

See Claim 1 above.

a group of N gate lines connected to
the gate drivers and insulated with
each other, wherein the first gate line
is connected with the gates of all the
thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the Nt gate line is connected with the
gates of all the thin film transistors of
the Ni" row; and

See Claim 1 above.

M groups of data lines connected to
the source drivers and insulated with

See Claim 1 above.
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The Claims Of The ‘550 Patent

Sharp Reference

each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin film
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the
thin film transistors of the odd and the
even rows of the second column . ..
and the first and the second data
lines of the Mt group of data lines
are respectively connected with the
sources of the all thin film transistors
of the odd and the even rows of the
M column,

wherein the first data lines and the
second data lines of each group of
data lines are connected with the
same source driver,

See Claim 1 above.

each source driver is installed on the
same side of the display panel and

Sharp Reference discloses that the first source
driver(AND circuit 72 (labeled “1”) in
communication with shift register 10, data signal
lines 73, 74, sampling switches 19, 20, and
sampling capacitors 24, 25) and the second
source driver (AND circuit 72 (labelled “2") in
communication with shift register 10, sampling
switches 21 and 22, and sampling capacitors
(not numbered)) are installed on the same side
(e.g., upper side) of the display unit 1 (Ex. 1002,
Sharp Reference, Pars. [0130]-{0140], FIG. 10).

the data transfer is switched by an
electronic switch.

Sharp Reference discloses that the data
transfer is switched by each sampling switch 19,
20, 21, 22 (Ex.1002, Sharp Reference, Pars.
(0134]-[0135], [0137]-{0139), FIG. 10).

3. The liquid crystal display driving

Sharp Reference discloses that there is a space

600321.1
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The Claims Of The ‘550 Patent Sharp Reference

device of matrix structure type as between the neighboring data lines 5. These
claimed in claim 2, wherein there is a | spaces prevent the data lines from short

space between the neighboring data | circuiting. (Ex. 1002, Sharp Reference, FIG. 10).
lines to prevent them from short
circuit,

115.  Accordingly, it is my opinion that Claims 1-3 of the ‘550 Patent are anticipated
by the Sharp Reference.

THE SHARP REFERENCE RENDERS CLAIMS 1-3 AND 5 OBVIOUS TO A PERSON OF
ORIDNARY SKILL IN THE ART

116. As discussed above, it is my opinion that the Sharp Reference explicitly
discloses each and every element of Claims 1-3 of the ‘550 Patent, including the claimed
source and gate drivers, and thus anticipates Claims 1-3.

117. | believe that no reasonabie person of ordinary skill in the art would have
interpreted the Sharp Reference as disclosing only a single source driver and a single gate
driver in Figure 10.

118. Even under such a tenuous and narrow interpretation of the Sharp Reference,
| believe that Claims 1-3 would be obvious to a person of ordinary skill in the art.

THERE IS NO UNEXPECTED RESULT FROM USING MULTIPLE SOURCE AND GATE

DRIVERS IN AN LCD PANEL INSTEAD OF A SINGLE SOURCE DRIVER AND A
SINGLE GATE DRIVER

119. | understand that one way of demonstrating obviousness in the situation

where a prior art reference discloses a single element but the claim requires multiple
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elements is to demonstrate that there are no new and unexpected results from increasing
the number of such elements.

120. The duplication of the source and gate drivers shown in Figure 10 of the
Sharp Reference simply allows more pixels to be added when increasing the size of the
LCD panel. The addition of source and gate drivers would not change the way the LCD
Panel of the Sharp Reference operates in the Odd Row/Even Row configuration.
Accordingly, no unexpected results would be produced from duplicating the source and gate
driver circuits (i.e., adding more drivers) shown in Figure 10 of the Sharp Reference.

121.  The prior art was abundant with examples of larger sized LCD panels using
multiple source and gate drivers. In fact, when | was working in the LCD industry prior to
the filing date of the ‘550 Patent, it was a routine industry practice to change the panel
design to increase the size of the panel and/or the number of pixels by simply adding more
driver ICs. For example, while the small, low cost LCD panel (which had an equivalent
pixel dimension of 7x4) that | worked on at Alien Technology had only a single source driver
and a single gate driver, the Jarge sized LCD panels (which had pixel dimension of at least
800x600) that | worked on at Philips used muitiple driver ICs. Using additional source and
gate drivers in connection with increasing the size of the panel or the number of pixels in an
LCD panel was a well-known and readily available design option.

122. Consistent with my experience and as discussed above, the prior art
reference (Ex. 1009) states that “in order to drive many gate bus lines and the source bus
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lines on the display circuit board, a plurality of the gate drivers and source drivers must
be connected to the area around the liquid crystal display panel.” (/d., Par. [0006])
(emphasis added). Sekido further teaches that increasing the size of the LCD screen will
increase the number of the driver ICs. (Id., Par. [0008]).

123.  As explained in the Sharp Reference, its use of the Odd Row/Even Row
configuration improves the image quality of an LCD panel with the increased number of
pixels by reducing the effect of data signal noise. (Ex. 1002, Sharp Reference, Pars.
[0144]-[0145], [0030]).

124. Hence, | believe that duplication of source and gate drivers for a larger sized
LCD device would have involved only routine skill in the art and does not produce any
unexpected result.

125. The ‘550 Patent fails to demonstrate or even suggest any new and
unexpected results stemming from having more than one source driver circuit and more
than one gate driver circuit in the claimed LCD driving device. The ‘650 Patent includes no
explanation of the difference between having a single source driver and a single gate driver
and having multiple source and gate drivers in the LCD device.

126. In fact, the '550 Patent interchangeably uses the singular ("source
driver"/"gate driver”) and plural (“source drivers”I'gate drivers”) to describe these

components. (See Ex. 1001, ‘550 Patent, Col. 8:21 (“[T]here are N gate lines connected to

44

6003211

Page 44 of 76

IPR2015-00887
Exhibit 2006
224 of 272



gate driver . . . ” (emphasis added)), see also id., Figure 1A and Col. 1:36-45 (using the
singular terms “data driver 11" and “gate driver 127)).

127.  In addition, during prosecution of the ‘550 Patent, the applicants did not
dispute the Examiner's finding that Figure 5 of Kim (Ex. 1006), which shows a single block
for gate driver 16, meets the gate drivers limitation of Claims 1and 2. (Ex. 1005, p. 156).

128. Even if, contrary to my opinion, Patent Owner contends that the Sharp
Reference does not disclose the claimed “source drivers” and “gate driver,” | believe that it
would nevertheless have been obvious to a person of ordinary skill in the art to modify the
LCD driving device of the Sharp Reference to include additional source and gate driver
circuits in addition to what are shown in Figure 10.

129. It is my opinion that at a minimum, Claims 1-3 of the ‘550 Patent are obvious
over the Sharp Reference.

THE SHARP REFERENCE DISCLOSES INTEGRATED GATE DRIVER CIRCUIT

130. Claim 5 requires that the “gate driver is an integrated gate driver circuit
installed on glass.” However, this would have also been obvious in view of the Sharp
Reference.

131.  The Sharp Reference teaches that the gate driver, the source driver, and the
display unit consisting of a plurality of pixel units in an LCD device can be formed
monolithically on the same substrate in an LCD panel to “to improve the drive force of the
pixel transistor that accompanies larger screen size, and to reduce the drive IC mounting
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costs and the like." (Ex. 1002, Sharp Reference, Claim 6, Pars. [0160], [0172]-{0173],
[0008], [0020], [0036], [0045]). Since the gate drivers are formed monolithically on the
same substrate as the pixel TFTs, the result is an integrated gate driver circuit installed on
the same substrate as the pixel TFTs.

132.  Moreover, It was well-known at the time of the filing date of the ‘650 Patent
that an LCD panel must include a glass substrate or other substantially transparent
substrate to transmit the light from the backlight to the LCD viewer’s eyes. LCD panels
modulate the light generated by the backlight assembly and passed through the glass
substrate (or other transparent substrate) according to the TFT drive signals. The light exits
the LCD surface nearest the viewer and allows the viewer to see the visual image
generated based on the electrical input signal.

133. The use of a glass substrate was the preferred choice, especially in an LCD
panel having a large number of pixels. Compared to other transparent materials, glass is
cheaper, provides a smoother surface, and is also more resistant to a high temperature
required for processing TFTs in an LCD panel. In addition, a glass substrate protects liquid
crystal materials and TFTs in the LCD panel from moisture. In my experience, LCD panels
with a Jarge number of pixels using TFTs all included glass substrates.

134. Thus, | believe that it would have been obvious to a person of ordinary skill in
the art that the integrated gate driver circuit taught by the Sharp Reference is installed on a
glass substrate in an LCD panel since the use of glass substrate is one of small number of
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widely known design options for an LCD panel having the light transmitted from the
backlight. Since this technology was widely understood and available at the time the ‘550
Patent was filed, | believe that a person of ordinary skill in the art would have been
successful in forming an integrated gate driver circuit on a glass substrate.

135.  Accordingly, it is my opinion that Claim 5 of the ‘550 Patent is also obvious
over the Sharp Reference.

KAMIZONO

136. Kamizono describes an active matrix LCD for a video monitor such as a
television receiver or a computer display, and teaches fabricating circuits that are suitable
for a large sized LCD panel. (Ex. 1004, Kamizono, Abstract, Col. 1:5-7, Col. 3:1-36).

137.  As shown below in annotated Figure 15, Kamizono teaches an LCD panel 1
having data lines (“signal lines 3") connected to multiple source driver ICs (“signal line
driving LSIs 5”) and gate lines (“scanning lines 4”) connected to multiple gate driver ICs
(“scanning line driving LSIs 6"). A pixel is located at the intersection 2 between a data line 3
and a gate line 4. The pixels are arranged in the image display region of the LCD panel,
while the driving LS!s are arranged in the non-image display region of the panel. (/d., Col.
2:5-13, Cals. 5:51-6:20, FIG. 15). The source driver ICs 5 send data signals to operate
TFTs and pixels via data lines 3, while the gate driver ICs 6 send voltage pulse to the gates

of TFTs via gate lines 4.
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Kamizono Fig. 15
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138. Kamizono further teaches that while a “small sized” LCD panel has “a few (2
or 3) of the [driving] LSls," a “large-screen” LCD panel uses more driving LSls, such as 4 or
5 scanning line driving LSIs and 10 or more signal line driving LSlIs. (/d., Col. 9:13-20, Col.
11:53-64, FIGS. 5, 9, and 15).

139. Kamizono also teaches that for an LCD device having an “increased screen
size,” these multiple source or gate drivers (“liquid crystal driving LSIs") are commonly
mounted as a semiconductor chip by a chip-on-glass (COG) method or a tape automated

bonding (TAB) method. According to Kamizono, the COG method is preferred over the TAB
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method because of the operational reliability and reduction of the overall product size
provided by the COG method, which is consistent with my experience. (/d., Col. 1:12-58).

140. 1 understand chip-on-glass (COG) to be a method of attaching single-crystal
silicon die or Large Scale Integrated (LS!) circuits directly on the glass substrate of the LCD
panel. The benefits of using COG are increased reliability, smaller LCD module size, and
less weight. The silicon die are designed and fabricated by conventional silicon wafer
processes. The die are electrically connected to the panel either through wire bonding or
using Anisotropic Conductive Film (ACF). ACF is a type of plastic that contains metalized
spheres. The density of the spheres in the film prevents adjacent sphere to sphere
connection but connects the die output pads to the panel electrode pads through the thin
plastic film.

141.  Kamizono further teaches that an LCD panel 1 can be a poly-Silicon TFT
panel and the source and gate drivers can be mounted on the panel in the non-image
display area of the panel (“a spare area other than a display area of the liquid crystal panel
1"). (ld., Col. 13:50-55). Since the gate drivers are formed on the same substrate as the
pixel TFTs, the result is integrated gate driver circuit installed on the same substrate as the

pixel TFTs.
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CLAIMS 1-5 ARE OBVIOUS OVER THE SHARP REFERENCE IN VIEW OF KAMIZONO

142. | reiterate my opinion discussed above that the Sharp Reference expressly
discloses each and every element of Claims 1-3, including the claimed source and gate
drivers, and thus anticipates Claims 1-3.

143.  Again, to the extent that the Patent Owner argues that the Sharp Reference
discloses only a single source driver and a single gate driver in Figure 10, no reasonable
person of ordinary skill in the art would agree.

MODIFICATION OF THE LCD DRIVING DEVICE OF THE SHARP REFERENCE TO
INCLUDE MULTIPLE SOURCE AND GATE DRIVERS OF KAMIZONO WOULD HAVE

BEEN WITHIN THE SKILL OF A PERSON OF ORDINARY SKILL IN THE ART AND
WOULD HAVE PRODUCED NO UNEXPECTED RESULT

144.  Kamizono teaches the use of multiple source driver ICs 5 and multiple gate
driver 1Cs 6 to send signals through data lines and gate lines in an LCD device. Indeed,
Figure 15 of Kamizono is virtually identical to Figure 4A of the ‘550 Patent.

145. For the reasons discussed below, it is my opinion that even under such a
misreading of the Sharp Reference, it would still have been obvious to a person of ordinary
skill in the art to combine the teachings of the Sharp Reference and Kamizono to arrive at
the LCD driving device of Claims 1-5 of the ‘550 Patent.

146. The Sharp Reference and Kamizono are in the same field of LCD display
technology. They both disclose active matrix LCD devices and are both directed to
improving the performance of a large sized LCD panel. The Sharp Reference teaches that

source drivers can be implemented in a certain way (e.g., using “driver sample hold
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method”) to solve the problem of insufficient image data write time arising from increasing
the number of pixels in in an LCD panel. (Ex. 1002, Sharp Reference, Pars. [0013]-{0019]).
Kamizono teaches that a “large-screen” LCD panel uses more source and gate driver LSls
than a “small sized” LCD panels would use. (Ex. 1004, Kamizono, Col. 9:19-20, Col. 11:53-
64, FIGS. 5 and 9). Because both references addressed the same design needs for larger
sized LCD panels, | believe that a person of ordinary skill in the art making the source and
gate driving circuit for a large-screen LCD panel would have been motivated to combine the
teachings of the Sharp Reference and Kamizono.

147. The technique of using multiple gate and source drivers has been used to
improve Kamizono's larger sized LCD panels. The source drivers and the Odd Row/Even
Row configuration taught in the Sharp Reference also improve the larger sized LCD panels.
Hence, a person of ordinary skill in the art would recognize that Kamizono's technique
would improve similar devices, such as larger sized LCD panels of the Sharp reference, in
the same way. In my opinion, using multiple source and gate driver ICs as taught in
Kamizono in the LCD panel of the Sharp Reference is well within the level of ordinary skill in
the art, particularly since Figure 10 of the Sharp Reference is configured to have separate
circuitry drive data through each gate line and each pair of data lines and Kamizono likewise
shows separate circuit (i.e., source drivers 5 and data drivers 6).

148. Based on my experience and knowledge, | believe that modifying the LCD
driving device of the Sharp Reference to include the multiple source and gate driver ICs of
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Kamizono would not produce unexpected result, but would merely lead to a predictable
result, since such a modification simply allows more pixels to be added to increase the size
of the LCD panel without changing the way LCD Panel operates.

149, Kamizono teaches the use of multiple source and gate drivers (as does the
Sharp Reference), and the Sharp Reference discloses all of the other limitations of Claims
1-3, as shown in the claim charts provided above. Moreover, for the reasons discussed
above, there was a clear motivation to combine these references. Thus, to the extent that
the Patent Owner argues that the Sharp Reference does not teach multiple source and gate
drivers, which is contrary to my opinion discussed above, | believe that, at a minimum,
Claims 1-3 of the ‘650 Patent would be obvious over the Sharp Reference in view of
Kamizono.

KAMIZONO DISCLOSES A CHIP ON GLASS

150. Dependent Claim 4 requires that the gate driver is a chip installed on glass.

151. Kamizono teaches that the use of a chip-on-glass is the preferred way of
implementing the gate drivers for a large sized LCD panel. (Ex. 1004, Kamizono, Col. 1:12-
58).

152.  Based on my experience and knowledge, | believe that using the chip on
glass of Kamizono for the gate driver in the LCD device of the Sharp Reference would not
produce any unexpected result and would not affect, for example, the Odd Row/Even Row
configuration in the LCD device of the Sharp Reference.
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153. Based on my experience and knowledge, | believe that a person of ordinary
skill in the art would recognize that Kamizono's technique of using a chip on glass for the
gate driver to improve a large screen LCD panel (e.g., increasing the operational reliability
and reducing the overall product size--see Ex. 1004, Kamizono, Col. 1:12-58) can be also
used to improve the large screen LCD panel of the Sharp Reference in the same way.

154. A person of ordinary skill in the art making a large-screen LCD panel would
have been motivated to combine the teachings of the Sharp Reference and Kamizono to
arrive at Claim 4.

THE SHARP REFERENCE DISCLOSES INTEGRATED GATE DRIVER CIRCUIT

155.  Claim 5 requires that the gate driver is an integrated gate driver circuit
installed on glass. As discussed above, this would have been obvious in view of the Sharp
Reference.

156. The Sharp Reference teaches that the gate driver, the source driver, and the
display unit consisting of a plurality of pixel units in an LCD device can be formed
monolithically on the same substrate in an LCD panet to “to improve the drive force of the
pixel transistor that accompanies larger screen size, and to reduce the drive IC mounting
costs and the like.” (Ex. 1002, Sharp Reference, Claim 6, Pars. [0160], [0172]-[0173],
[0008], [0020], [0036], (0045]). Since the gate drivers are formed monolithically on the
same substrate as the pixel TFTs, the result is integrated gate driver circuit installed on the
same substrate as the pixel TFTs.
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157.  Moreover, as discussed above, it was well-known at the time of the filing date
of the ‘650 Patent that an LCD panel must include a glass substrate or other substantially
transparent substrate to transmit the light from the backiight to the LCD viewer's eyes. LCD
panels modulate the light generated by the backlight assembly that passes through the
glass substrate (or other transparent substrate) according to the TFT drive signals. The
light exits the LCD surface nearest the viewer and allows the viewer to see the visual image
generated based on the electrical input signal.

158. Again, the use of a glass substrate was the preferred choice, especially in an
LCD panel having a large number of pixels. Compared to other ransparent materials, glass
is cheaper, provides a smoother surface, and is also more resistant to a high temperature
required for processing TFTs in an LCD panel. In addition, a glass substrate protects liquid
crystal materials and TFTs in the LCD panel from moisture. In my experience, LCD panels
with a large number of pixels using TFTs all included glass substrates.

159. Thus, | believe that it would have been obvious to a person of ordinary skill in
the art that the integrated gate driver circuit taught by the Sharp Reference is installed on a
glass substrate in an LCD panel since the use of glass substrate is one of small number of
widely known design options to make an LCD panel and to have the light transmitted from

the backlight.
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THE COMBINATION OF THE SHARP REFERENCE AND KAMIZONO TEACHES ALL

ELEMENTS OF CLAIMS 1-5

160. The following claim charts summarize where | believe each element of Claims

1-5is taught by the combination of the Sharp Reference and Kamizono:

The Claims Of The ‘550 Patent

Sharp Reference in View of Kamizono

1. A liquid crystal display driving
device of matrix structure type
including:

Sharp Reference discloses a liquid crystal
display driving device of matrix structure type
(Ex. 1002, Sharp Reference, Pars. [0001]-
[0003], [0130], FIG. 10).

a group of thin film transistors with
matrix array consisting of N rows and
M columns of thin film transistors,
wherein each thin film transistor can
drive one pixel so that NxM of pixels
can be driven;

Sharp Reference discloses a group of thin film
transistors 7 with matrix array consisting of n
(e.g., 3) rows and m (e.g., 2) columns of thin
film transistors 7, wherein each thin film
transistor can drive one pixel unit 4 so that nxm
(e.9., 3x2) of pixel units can be driven (Ex.
1002, Sharp Reference, Pars. [0049], [0130],
[0140]- [0145], FIG. 10).

a group of N gate lines connected to
the gate drivers and insulated with
each other, wherein the first gate line
is connected with the gates of all the
thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the N gate line is connected with the
gates of all the thin film transistors of
the Nt row; and

Sharp Reference discloses a group of n (e.g., 3)
gate bus lines 6 connected to the gate drivers 3.
The gate lines are insulated with each other by
being spaced apart from and parallel to each
other. The first gate bus line 6 is connected
with the gates of all the thin film transistors 7 of
the first row. The second gate bus line 6 is
connected with the gates of all the thin film
transistors 7 of the second row . . . and the nb
(e.g., 39) gate bus line 6 is connected with the
gates of all the thin film transistors 7 of the nt
(e.g., 39 row (Ex. 1002, Sharp Reference,
Pars. [0142]-[0145], FIG. 10).

Kamizono discloses scanning lines 4 connected
to multiple scanning line driving LSIs 6 in an
LCD panel (Ex. 1004, Kamizono, Col. 2:5-13,
Cals. 5:51-6:20, FIG. 15).
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The Claims Of The ‘550 Patent

Sharp Reference in View of Kamizono

M groups of data lines connected to
the source drivers and insulated with
each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin film
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the
thin film transistors of the odd and the
even rows of the second column . ..
and the first and the second data
lines of the M® group of data lines
are respectively connected with the
sources of the all thin film transistors
of the odd and the even rows of the
Mt column, and

Sharp Reference discloses m (e.g., 2) groups of
source bus lines 5 connected to the source
drivers 71. The groups of data lines are
insulated with each other by being spaced apart
from and parallel to each other. The first and
the second source bus lines 5 of the first group
of source bus lines are respectively connected
with the sources of all the thin film transistors 7
of the odd and the even rows of the first
column. . . . The first and the second source bus
lines 5 of the mt (e.g., 2") group of source bus
lines are respectively connected with the
sources of the all the thin film transistors 7 of
the odd and the even rows of the m® {e.g., 2nd)
column (Ex. 1002, Sharp Reference, Pars.
[0131]-[0140], [0145], FIG. 10).

Kamizono discloses signal lines 3 connected to
multiple signal line driving LSIs 5 in an LCD
panel (Ex. 1004, Kamizono, Col. 2:5-13, Cols.
5:51-6:20, FIG. 15).

the first data lines and the second
data lines of each group of data lines
are connected with the same source
driver.

Sharp Reference discloses that the first source
bus lines 5 and the second source bus lines 5 of
each group of source bus lines are connected
with the same source driver 10, 72, 73, 74, 19,
20, 24,25 (or 10,72, 73,74, 21, 22, 26, 27)
(Ex. 1002, Sharp Reference, Pars. [0131}-
[0140], FIG. 10).

2. The liquid crystal display device of
matrix structure type including:

See Claim 1 above

a group of thin film transistors with
matrix array consisting of N rows and
M calumns of thin film transistors,
wherein each thin film transistor can
drive one pixel so that NxM of pixels
can be driven;

See Claim 1 above

a group of N gate lines connected to

See Claim 1 above
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The Claims Of The ‘550 Patent

Sharp Reference in View of Kamizono

the gate drivers and insulated with
each other, wherein the first gate line
is connected with the gates of all the
thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the Nt gate line is connected with the
gates of all the thin film transistors of
the N row; and

M groups of data lines connected to
the source drivers and insulated with
each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin fim
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the

even rows of the second column . ..
and the first and the second data
lines of the Mt group of data lines
are respectively connected with the
sources of the all thin film transistors
of the odd and the even rows of the
M® column,

thin film transistors of the odd and the

See Claim 1 above.

wherein the first data lines and the
second data lines of each group of
data lines are connected with the
same source driver,

See Claim 1 above

each source driver is installed on the
same side of the display panel and

Sharp Reference discloses that the first source
driver(AND circuit 72 (labeled “1%) in
communication with shift register 10, data signal
lines 73, 74, sampling switches 19, 20, and
sampling capacitors 24, 25) and the second
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The Claims Of The ‘550 Patent

Sharp Reference in View of Kamizono

source driver (AND circuit 72 (labelled “2") in
communication with shift register 10, sampling
switches 21 and 22, and sampling capacitors
(not numbered)) are installed on the same side
(e.g., upper side) of the display unit 1 (Ex. 1002,
Sharp Reference, Pars. [0130]-[0140], FIG. 10).

the data transfer is switched by an
electronic switch.

Sharp Reference discloses that the data
transfer is switched by each sampling switch 19,
20, 21, 22 (Ex.1002, Sharp Reference, Pars.
[0134]-{0135], [0137]{0139], FIG. 10).

3. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein there is a
space between the neighboring data
lines to prevent them from short
circuit.

Sharp Reference discloses that there is a space
between the neighboring data lines 5. These
spaces prevent the data lines from short
circuiting. (Ex. 1002, Sharp Reference, FIG. 10).

4. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein the gate
driver is a chip installed on glass.

Kamizono discloses that a liquid crystal driving
LSt is commonly mounted as a semiconductor
chip by a chip-on-glass (COG) method. (Ex.
1004, Kamizono, Col. 1:12-58).

5. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein the gate
driver is an integrated gate driver
circuit installed on glass.

Kamizono discloses LCD driving circuits that
form an integrated structure with a poly-Silicon
TFT panel. (Ex. 1004, Kamizono, Col. 13:50-
55).

161.

Accordingly, it is my opinion that Claims 4-5 of the ‘550 Patent are also

obvious over the Sharp Reference in view of Kamizono.

CLAIMS 1-5 ARE OBVIOUS OVER SHIMADA IN VIEW OF KAMIZONO

162.  As explained below, it is my opinion that Claims 1-5 of the 5650 Patent are

also obvious over Shimada in view of Kamizono.
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SHIMADA

163. As shown below in annotated Figure 4, Shimada teaches an LCD device
comprising a matrix array of thin film transistors (TFTs) 103, which drive the corresponding
array of pixels 106. (Ex. 1003, Shimada, Col. 4:31-63, Fig. 4).

164. Like the Sharp Reference and Kamizono, Shimada addresses the technical
problems arising from increasing the size of the LCD panel and the number of pixels, such
as line delay. (/d. at Cols. 2:35-3:63). Shimada states that its object is to “reduce the effect
of signal delay on display quality" of the LCD device, thereby improving image quality. (/d.

at Col. 2:66-67).
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Shimada Fig. 4
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165.  As shown in Figure 4, a group of gate bus lines 101 (X1, X2, X3, . . .} is
connected to the gate driving circuit 109, and each gate bus line is connected with the gates
of all of the TFTs 103 in the row associated with that gate bus line. For example, the first

gate line X1 is connected with the gates of all of the TFTs 103 of the first row (R1), the
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second gate line Xz is connected with the gates of all of the TFTs 103 of the second row
(R2), etc. (Id. at Col. 4:31-40, Fig. 4).

166. Shimada also teaches that the gate bus lines 101 (X4, X2, X, . .. ) are spaced
apart from and parallel to each other (i.e., insulated with each other). (Id., Fig. 4).

167.  Figure 4 also shows groups of data bus lines 102a, 102b (the red and green
lines) connected to the same source driving circuit 108. | understand that this was the basis
for allowance of Claim 1 by the Patent Office. Figure 4 also shows that the data bus lines
(e.g., 102a, 102b) are spaced apart from and parallel to each other (i.e., insulated with each
other). (ld., Col. 4:31-40, Fig. 4).

168. As shown above in Figure 4 of Shimada, the first data bus line 102a (red line)
and the second data bus line 102b (green line) in each group of data bus lines are
respectively connected with the sources of all of the TFTs 103 of the odd rows (red boxes
in R1 and R3) and even rows (green boxes in R2) of the column (C1, C2, C3) associated
with that group of data bus lines, as required Claims 1-5 of the ‘550 Patent.

169. For example, the first data bus line 102a (red line) of the first group is
connected with the sources (red dots) of the TFTs 103 of the first row and third row (see the
red boxes in R1 and R3) in the first column (C1), while the second data bus line 102b
(green line) of the first group is connected with the sources (green dot) of the TFT 103 of the
second row (green box in R2) in the first column (C1). (/d. at Col. 4:41-63, Fig. 4). The
same Odd Row/Even Row configuration is provided in each column (e.g., C2 and C3).
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170. Shimada teaches that this Odd Row/Even Row configuration reduces the
effect of signal delay caused by the increased number of pixels, thereby improving the video
quality of the display of a larger-sized LCD panel. (/d. at Cols. 2:34-3:2, Col. 5:49-66).

171.  As shown in Figure 4, the source driving circuit 108 for all data bus lines is
installed on the same side (e.g., upper side) of the display panel.

172. Figure 4 also shows that the transfer of video signals from the video signal
line 112 to the first and the second data bus lines 102a, 102b is switched by the switches
110a, 110b. (/d. at Col. 4:41-51, Fig. 4).

IT WOULD HAVE BEEN OBVIOUS TO COMBINE SHIMADA’S LCD DEVICE WITH
KAMIZONO’S TEACHING OF MULTIPLE SOURCE AND GATE DRIVERS

173. The LCD device of Shimada discloses all of the key elements of Claims 1-3 of
the ‘550 Patent, including the Odd Row/Even Row configuration.

174. Kamizono discloses source drivers 5 and gate drivers 6. (Ex. 1004,
Kamizono, Col. 2:5-13, Cols. 5:51-6:20, FIG. 15).

175. As discussed below, | believe that it would have been obvious to a person of
ordinary skill in the art at the time the ‘550 Patent was filed to combine the teachings of
Shimada and Kamizono to arrive at the LCD driving device of Claims 1-3.

176. Shimada and Kamizono are in the same field of LCD display technology.
They both disclose active matrix LCD devices and are both directed to improving the
performance of a large screen LCD panel. Shimada states that increasing the number of

pixels causes undesirable line delay and teaches the Odd Row/Even Row configuration in a
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larger sized LCD device to reduce the effect of signal delay on display quality of the LCD
device. (Ex. 1003, Shimada, Cols. 2:35-3:63). Kamizono teaches that a “large-screen”
LCD panel uses more source and gate driver LSIs than a “small sized” LCD panels would
use. (Ex. 1004, Kamizono, Col. 9:19-20, Col. 11:53-64, FIGS. 5 and 9). Because both
references addressed the same design need for larger sized LCD panels, | believe that a
person of ordinary skill in the art making the source and gate driving circuit for a large-
screen LCD panel would have been motivated to combine the teachings of Shimada and
Kamizono to arrive at Claims 1-3.

177. Based on my experience and knowledge, | believe that modifying the LCD
driving device of Shimada to include the multiple source and gate driver ICs of Kamizono
would not produce unexpected results, since such a medification simply allows more pixels
to be added to increase the size of the LCD panel. This modification would not change the
way Shimada’s LCD panel operates in the Odd Row/Even Row configuration.

178. In addition, | believe that a person of ordinary skill in the art would recognize
that Kamizono's technique of including multiple source and gate drivers to improve a large
screen LCD panel can also be used to improve the large screen LCD panel of Shimada in
the same way. This would be well within the level of ordinary skill in the art.

179. Indeed, the prior art was replete with examples of larger sized LCD panels
using multiple source and gate drivers. In fact, when | was working in the LCD industry prior
fo the filing date of the ‘550 Patent, it was a routine industry practice to change the panel
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design to increase the size of the panel andfor the number of pixels by simply adding more
driver ICs. For example, while the small, low cost LCD panel (which had an equivalent
pixel dimension of 7x4) that | worked on at Alien Technology had only a single source driver
and a single gate driver, the Jarge sized LCD panels (which had pixel dimension of at least
800x600) that | worked on at Philips used multiple driver ICs. Using additional source and
gate drivers in connection with increasing the size of the panel or the number of pixels in an
LCD panel was a well-known and readily available design option.

180. Consistent with my experience, the prior Sekido reference (Ex. 1009) states
that “in order to drive many gate bus lines and the source bus lines on the display circuit
board, a plurality of the gate drivers and source drivers must be connected to the area
around the liquid crystal display panel.” (Ex. 1009, Sekido, Par. [0006]) (emphasis added).
This prior art further teaches that increasing the size of the LCD screen will increase the
number of the driver ICs. (/d., Par. [0008]).

181.  Accordingly, | believe that it would have been obvious to a person of ordinary
skill in the art to modify the LCD driving device of Shimada to include the multiple source
and gate drivers shown in Kamizono and connect them to the data lines (e.g., 102a, 102b)
and the gate lines (X1, Xz, Xs, X4) of Shimada, respectively.

182. Moreover, as discussed below, Shimada teaches all of the other limitations of

Claims 1 and 2 of the ‘550 Patent.
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SHIMADA DISCLOSES THE ODD ROW/EVEN ROW CONFIGURATION

183.  As shown above in annotated Figure 4, Shimada discloses the claimed Odd
Row/Even Row configuration of the ‘550 Patent (shown on the left). (Ex. 1003, Shimada,
Col. 4:41-63, Fig. 4).

184. Specifically, the first data line 102a (see the red line) is connected to the
sources (red dots) of the TFTs (red boxes) in the odd rows (R1 and R3). The second data
line 102b {green line) is connected to the sources (green dot) of the TFTs (green boxes) in
the even rows (R2). Figure 4B of the later ‘550 Patent has the same Odd Row/Even Row
configuration.
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185. Like the ‘5650 Patent, Shimada teaches that this Odd Row/Even Row
configuration reduces the effect of signal delay on the quality of the display, thereby
improving image quality. (d. at Cols. 2:66-3:2).

SHIMADA DISCLOSES THAT FIRST AND SECOND DATA LINES IN EACH GROUP OF
DATA LINES ARE CONNECTED WITH THE SAME SOURCE DRIVER

186. As shown above in Figure 4 of Shimada, the first and second data lines (e.g.,
102a (red line) and 102b (green line)) in each group of data lines in are connected with the
same source driver 108 (/d. at Col. 4:41-51, Fig. 4), as required by Claims 1 and 2. |
understand that this was the basis for allowance of Claim 1 during prosecution.

SHIMADA DISCLOSES THAT EACH SOURCE DRIVER IS INSTALLED ON THE SAME
SIDE OF THE DISPLAY PANEL

187. As shown above in Figure 4 of Shimada, each source driver 108 is installed
on the same side of the display panel (id. at Cal. 4:41-46, Fig. 4), as required by
independent Claim 2.

SHIMADA DISCLOSES AN ELECTRONIC SWITCH FOR DATA TRANSFER

188. As shown above in Figure 4 of Shimada, data transfer is switched by an
glectronic switch 110a, 110b (id.), as required by independent Claim 2.

SHIMADA DISCLOSES THAT GATE LINES/DATA LINES ARE INSULATED WITH EACH
OTHER

189. In addition, Shimada teaches that the gate lines 101 (X1, X2, X3, . . . ) are
“insulated with each other” under the broadest reasonable construction since they are

shown to be spaced apart from and parallel to each other. Likewise, Shimada teaches that
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the data bus lines (e.g., 102a, 102b) are insulated with each other as they are spaced apart
from and parallel to each other. (/d. at FIG. 4).

190. Because Shimada and Kamizono combine to disclose all of the elements of
Claims 1 and 2, and further because there was a clear motivation for a person of ordinary
skill in the art to combine these references, | believe that Claims 1 and 2 are obvious over
Shimada in view of Kamizono.

SHIMADA DISCLOSES A SPACE BETWEEN THE NEIGHBORING DATA LINE TO
PREVENT SHORT CIRCUITING

191, Claim 3, which depends from Claim 2, recites that “there is a space [i.e., a
gap] between the neighboring data lines to prevent them from short circuit.” Figure 4 of
Shimada clearly shows that there is a space between the neighboring data fines (e.g.,
between 102a and 102b) that prevents short circuiting.

192, When two neighboring data lines are shown to be spaced apart from each
other in the schematic circuit diagram for an LCD driving device, such as Figure 4 of
Shimada, | expect that there is a sufficient space between these data lines to prevent short
circuiting. Otherwise, the LCD driving device would not be operating as described in the
reference.

KAMIZONO DISCLOSES A CHIP ON GLASS

193. Dependent Claim 4 requires that the gate driver is a chip installed on glass.
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194. Kamizono teaches that the use of a chip-on-glass is the preferred way of
implementing the gate drivers for a large sized LCD panel. (Ex. 1004, Kamizono, Col. 1:12-
58).

195. Shimada and Kamizono are in the same field of LCD display technology.
They both disclose active matrix LCD devices and are both directed to improving the
performance of a large screen LCD panel. Shimada states that increasing the number of
pixels causes undesirable line delay and teaches the Odd Row/Even Row configuration in a
larger sized LCD device to reduce the effect of signal delay on display quality of the LCD
device. (Ex. 1003, Shimada, Cols. 2:35-3:63). Kamizono teaches that a “large-screen”
LCD panel uses more source and gate driver LSIs than a “small sized” LCD panels would
use. (Ex. 1004, Kamizono, Col. 9:19-20, Col. 11:53-64, FIGS. 5 and 9). Because both
references addressed the same design need for larger sized LCD panels, | believe that a
person of ordinary skill in the art making the gate drivers for a large-screen LCD panel
would have been motivated to combine the teachings of Shimada and Kamizono to arrive at
Claim 4.

196. Based on my experience and knowledge, | believe that using the chip on
glass of Kamizono for the gate driver in the LCD device of Shimada would not produce any
unexpected result and would not affect, for example, the Odd Row/Even Row configuration

in Shimada’s LCD device.
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197. Based on my experience and knowledge, | believe that a person of ordinary
skill in the art would recognize that Kamizono’s technique of using a chip on glass for the
gate driver to improve a large screen LCD panel (e.g., increasing the operational reliability
and reducing the overall product size) can be also used to improve the large screen LCD
panel of Shimada in the same way.

198.  Accordingly, a person of ordinary skill in the art making a large-screen LCD
panel would have been motivated to combine the teachings of Shimada and Kamizono to
arrive at Claim 4.

199.  Accordingly, it is my opinion that Claim 4 is also obvious over Shimada in
view aof Kamizono.

KAMIZONO DISCLOSES INTEGRATED GATE DRIVER CIRCUIT

200. Claim 5 requires that the gate driver is an integrated gate driver circuit
installed on glass.

201. Kaminozo teaches that an LCD panel can be a poly-Silicon TFT panel and
the source and gate drivers can be mounted on the panel in a spare area other than the
display area of the panel (i.e., forming an integrated structure with the LCD panel). (Ex.
1004, Kamizono, Col. 13:50-55). Since the gate drivers are formed on the same substrate
as the pixel TFTs, the result is integrated gate driver circuit installed on the same substrate

as the pixel TFTs.
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202. Moreover, as discussed above, it was well-known at the time 6f the filing date
of the ‘550 Patent that an LCD panel must include a glass substrate or other substantially
transparent substrate to transmit the light from the backlight to the LCD viewer's eyes. LCD
panels modulate the light generated by the backlight assembly and passed through the
glass substrate (or other transparent substrate) according to the TFT drive signals. The
light exits the LCD surface nearest the viewer and allows the viewer to see the visual image
generated based on the electrical input signal.

203. The use of a glass substrate was the preferred choice, especially in an LCD
panel having a large number of pixels. Compared to other transparent materials, glass is
cheaper, provides a smoother surface, and is also more resistant to a high temperature
required for processing TFTs in an LCD panel. In addition, a glass substrate protects liquid
crystal materials and TFTs in the LCD panel from moisture. In my experience, LCD panels
with a large number of pixels using TFTs all included glass substrates.

204. Thus, | believe that it would have been obvious to a person of ordinary skill in
the art that the integrated gate driver circuit taught by Kamizono is installed on a glass
substrate in an LCD panel since the use of glass substrate is one of small number of widely
known design options to make an LCD panel and to have the light transmitted from the
backlight.

205.  As discussed above, because Shimada and Kamizono addressed the same
design need for larger sized LCD panels, | believe that a person of ordinary skill in the art
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making the gate drivers for a large-screen LCD panel would have been motivated to

combine the teachings of Shimada and Kamizono to arrive at Claim 5.

206. Based on my experience and knowledge, | believe that using the integrated

gate driver circuit on glass of Kamizono for the gate driver in the LCD device of Shimada

would not produce any unexpected result and would not affect, for example, the Odd

Row/Even Row configuration in Shimada’s LCD device.

207.  Accordingly, it is my opinion that Claim 5 of the ‘550 Patent is also obvious

over Shimada in view of Kamizono.

THE COMBINATION OF SHIMADA AND KAMIZONO TEACHES ALL ELEMENTS OF

CLAIMS 1-5

208. The following claim charts summarize where | believe each element of Claims

1-5 is taught by the combination of Shimada and Kamizono:

The Claims Of The '550 Patent

Shimada in View of Kamizono

1. A liquid crystal display driving
device of matrix structure type
including:

Shimada discloses a liquid crystal display
driving device of matrix structure type (Ex. 1003,
Shimada, Col. 1:8-10, Col. 4:31-67, Figs. 4, 7).

a group of thin film transistors with
matrix array consisting of N rows and
M columns of thin film transistors,
wherein each thin film transistor can
drive one pixel so that NxM of pixels
can be driven;

Shimada discloses a group of thin film
transistors 103 with matrix array consisting of N
(e.g., 3) rows and M (e.g., 3) columns of thin
film transistors 103, wherein each thin film
transistor ¢can drive one pixel 106 so that NxM
of pixels can be driven (Ex. 1003, Shimada, Col.
4:31-63, Fig. 4).

a group of N gate lines connected to
the gate drivers and insulated with

each other, wherein the first gate line
is connected with the gates of all the

Shimada discloses a group of N gate lines 101
(e.g., X1, Xz, Xs, . .. ) connected to the gate
driver (e.g., gate driving circuit 109) and
insulated with each other by being spaced apart
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thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the Nih gate line is connected with the
gates of all the thin film transistors of
the Nt row; and

from and parallel to each other. The first gate
line X1 is connected with the gates of all the thin
film transistors 103 of the first row. The second
gate line Xz is connected with the gates of all
the thin film transistors 103 of the second

row . .. and the Nt gate line Xy is connected
with the gates of all the thin film transistors 103
of the Nt row. (Ex. 1003, Shimada, Col. 4:31-
40, Figs. 4, 7).

Kamizono discloses scanning lines 4 connected
to multiple scanning line driving LSIs 6 in an
LCD panel (Ex. 1004, Kamizono, Col. 2:5-13,
Cols. 5:51-6:20, FIG. 15).

M groups of data fines connected to
the source drivers and insulated with
each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin film
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the
thin film transistors of the odd and the
even rows of the second column . ..
and the first and the second data
lines of the Mt group of data lines
are respectively connected with the
sources of the all thin film transistors
of the odd and the even rows of the
Mt column, and

Shimada discloses M (e.g., 3) groups of data
lines 102a, 102b connected to the source driver
(e.g., the source driving circuit 108) and
insulated with each other by being spaced apart
from and parallel to each other. The first and the
second data lines 102a, 102b of the first group
of data lines are respectively connected with the
sources of all the thin film transistors 103 of the
odd and the even rows of the first column. The
first and the second data lines 102a, 102b of the
second group of data lines are respectively
connected with the sources of all the thin film
transistors 103 of the odd and the even rows of
the second column . . . and the first and the
second data lines 102a, 102b of the Mt group
of data lines are respectively connected with the
sources of the all thin film transistors 103 of the
odd and the even rows of the Mt column (Ex.
1003, Shimada, Col. 4:41-63, Fig. 4).

Kamizono discloses signal lines 3 connected to
multiple signal line driving L.SIs 5 in an LCD
panel (Ex. 1004, Kamizono, Col. 2:5-13, Cols.
5:51-6:20, FIG. 15).
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the first data lines and the second
data lines of each group of data lines
are connected with the same source
driver.

Shimada discloses that the first data lines 102a
and the second data lines 102b of each group
of data lines are connected with the same
source driver 108 (Ex. 1003, Shimada, Col.
4:41-63, Fig. 4; compare with Ex. 1001, '550
Patent, Fig. 6A).

2. The liquid crystal display device of
matrix structure type including:

Shimada discloses a liquid crystal display
driving device of matrix structure type (Ex. 1003,
Shimada, Col. 1:8-10, Cols. 4:31-5:15, Figs. 4,
7).

a group of thin film transistors with
matrix array consisting of N rows and
M columns of thin film transistors,
wherein each thin film transistor can
drive one pixel so that NxM of pixels
can be driven,

Shimada discloses a group of thin film
transistors 103 with matrix array consisting of N
(e.g., 3) rows and M (e.g., 3) columns of thin
film transistors 103, wherein each thin film
transistor can drive one pixel 106 so that NxM
of pixels can be driven (Ex. 1003, Shimada, Col.
4:31-63, Fig. 4).

a group of N gate lines connected to
the gate drivers and insulated with
each other, wherein the first gate line
is connected with the gates of all the
thin film transistors of the first row,
the second gate line is connected
with the gates of all the thin film
transistors of the second row . . . and
the Nt gate line is connected with the
gates of all the thin film transistors of
the Nt row; and

Shimada discloses a group of N gate lines 101
(e.g., X1, X2, Xa, . .. ) connected to the gate
driver (e.g., gate driving circuit 109) and
insulated with each other by being spaced apart
from and parallel to each other. The first gate
line X1 is connected with the gates of all the thin
film transistors 103 of the first row. The second
gate line Xz is connected with the gates of all
the thin film transistors 103 of the second

row . . . and the Nth gate line Xy is connected
with the gates of all the thin film transistors 103
of the Nt row (Ex. 1003, Shimada, Col. 4:31-40,
Figs. 4, 7).

Kamizono discloses scanning lines 4 connected
to multiple scanning line driving LSIs 6 in an
LCD panel (Ex. 1004, Kamizono, Col. 2:5-13,
Cols. 5:51-6:20, FIG. 15).

M groups of data lines connected to
the source drivers and insulated with

Shimada discloses M (e.g., 3) groups of data
lines 102a, 102b connected to the source driver
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each other, wherein the first and the
second date lines of the first group of
date lines are respectively connected
with the sources of all the thin film
transistors of the odd and the even
rows of the first column, the first and
the second data lines of the second
group of data lines are respectively
connected with the sources of all the
thin film transistors of the odd and the
even rows of the second column . . .
and the first and the second data
lines of the Mt group of data lines
are respectively connected with the
sources of the all thin film fransistors
of the odd and the even rows of the
Mt column,

(e.g., the source driving circuit 108) and
insulated with each other by being spaced apart
from and parallel to each other. The first and
the second data lines 102a, 102b of the first
group of data lines are respectively connected
with the sources of all the thin film transistors
103 of the odd and the even rows of the first
column. The first and the second data lines
102a, 102b of the second group of data lines
are respectively connected with the sources of
all the thin fitm transistors 103 of the odd and
the even rows of the second column . . . and the
first and the second data lines 102a, 102b of the
Mih group of data lines are respectively
connected with the sources of the all thin film
transistors 103 of the odd and the even rows of
the Mt column (Ex. 1003, Shimada, Col. 4:41-
63, Fig. 4).

Kamizono discloses signal lines 3 connected to
multiple signal line driving LSIs 5 inan LCD
panel (Ex. 1004, Kamizano, Col. 2:5-13, Cols.
5:51-6:20, FIG. 15).

Wherein the first data lines and the
second data lines of each group of
data lines are connected with the
same source driver,

Shimada discloses that the first data lines 102a
and the second data lines 102b of each group
of data lines are connected with the same
source driver 108 (Ex. 1003, Shimada, Col.
4:41-63, Fig. 4; compare with Ex. 1001, ‘550
Patent, Fig. 6A).

each source driver is installed on the
same side of the display panel and

Shimada discloses that each source driver 108
is installed on the same side (e.g., upper side)
of the display panel (Ex. 1003, Shimada, Cal.
4:41-46, Fig. 4).

The data transfer is switched by an
electronic switch.

Shimada discloses that the data transfer is
switched by an electronic switch 110a, 110b
(Ex. 1003, Shimada, Col. 4:41-46, Fig. 4).

600321.1

74

Page 74 of 76

IPR2015-00887

Exhibit 2006
254 of 272



The Claims Of The ‘550 Patent

Shimada in View of Kamizono

3. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein there is a
space between the neighboring data
lines to prevent them from short
circuit.

Shimada discloses that there is a space
between the neighboring data lines 102a, 102b
(Ex. 1003, Shimada, Figs. 4, 7).

4. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein the gate
driver is a chip installed on glass.

Kamizono discloses that a liquid crystal driving
LSt is commonly mounted as a semiconductor
chip by a chip-on-glass (COG) method. (Ex.
1004, Kamizono, Col. 1:12-58).

5. The liquid crystal display driving
device of matrix structure type as
claimed in claim 2, wherein the gate
driver is an integrated gate driver
circuit installed on glass.

Kamizono discloses LCD driving circuits that
form an integrated structure with a poly-Silicon
TFT panel. (Ex. 1004, Kamizono, Col. 13:50-
55).

209. Accordingly, it is my opinion that Claims 1-5 of the ‘5650 Patent are also

obvious over Shimada in view of Kamizono.

210. At this time | am not aware of any arguments and evidence of “secondary

considerations” that would render the claims of the ‘550 Patent non-obvious with respect to

my opinions set forth herein on the issue of obviousness. Should Patent Owner present

such evidence, | reserve the right to respond to such evidence and arguments.
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| hereby declare that all statements made of my own knowledge are true and that all
statements made on information and belief are believed to be true. | further declare that
these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of the Title 18 of

the United States Code.

Dated: March 20, 2015

By: Muﬂ} Tharambe

Michael J. Marentic
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A drive circuit device for a display device which drives a
plurality of source bus lines provided on a display panel, the
drive cirenit device comprises: a driver unit(20) thal receives
a clock signal, a data signal and a control signal, and
sequentially fetches the data signal, and generates drive
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when a rear-stage drive circuit device starts receiving, starts
vutputling of a propagation signal including al least one of
the clock signal, data signal and control signal to the
rear-stage drive circnit device. Consequently, the power
consumption required for supplying these signals and the
generated amount of electromagnetic waves resulting from

Sep. 12, 2001 (IP) oo eeee. 20012276060 the signal supply can be suppressed.
GCON
40. GATE CONTROLLER (SHIFT COUNTER)
o 30, SHIFT REGISTER aco
(GLK ) IGLK
530 ~530 ~~S30
32w
= LU Lok Ly [ S
FF FF e FF
S g [
RD/GD/BD L L —l
oK | e L o g L
FF FF S FF
[—h D Q‘*l r)b D Q@ —L (ﬂ—b D Q —L
DINV : ' ; ’ 3 p| G2
[ }*'46 J-d6 w‘{ J

RD/GD/BD

RD/GD/BD

RD/ GD/ BD

SHARP EXHIBIT 1009
Page 1 of 16

IPR2015-00887

Exhibit 2006
257 of 272



Patent Application Publication Mar. 13,2003 Sheet 1 of 8 US 2003/0048249 Al

FIG. 1

FIG. 2
10An__|
10An—l -
10A1—¢ - !
10A0—
. Vo7,
L A 7
4
e NS 1..
1 11 |
X
2
Page 2 of 16

IPR2015-00887
Exhibit 2006
258 of 272



gl o ¢ ebeq

)
B
g
=2
FIG.3 1
y ZSA.TA ngJB 2&0,70 2
Sat 2R Sa2 Sa2 228 sa3 Sa3 22C 5.4 g
.J_+_. _S__;_p 1§ JT. 5
G G G =
=
s s ~
GCON{ *{ GCON2 » GCON3 g
7 7 7 s
DRIVER | odpn DRIVER | oéps DRIVER | 56ps
=
&
~~20A ~20B ~20G 5
4 . 3 =
S
8 Sat %
S g9 ~1—CCD1 10 10 10 g
INPUT A ~5b A A - o
SIGNAL H-2) " I —1»ccDd o
SUPPLY F—/ = - s
CIRCUIT
LCD PANEL

—

1V 6¥¢8r00/£007 SN

IPR2015-00887
Exhibit 2006
259 of 272



9l jo v abed

FIG. 4

Sal

Sa2

Sal

CCD1
CCD2
CCD3

GCONT1

GCON2

GCON3
Sk

HSYNC (VSYNC)

— 00D1.++:D, X D,.D,.*D,

Dppsye***D X Dy * *

"4
\DD

Dpner* **Dy X Dyt ”**

/
\

n+l’ n+2'

Dposyr* "D X Dy *

\

S S B

fr\*/:]

810 € 13YS €007 ‘CI BN uonedgng uonedddy Juned

IV 6¥Z8P00/€00C SN

IPR2015-00887
Exhibit 2006
260 of 272



9} jo 6 abed

FIG.5 2878
§ g
| GatE cgn%ROLLER GGONT ™ GaTE controtiER [SOON2
[> (SHIFT COUNTER) ‘[ (SHIFT COUNTER) —[
5 cop? ocD?2 > coD3
([ZiK: _[, SHIFT ?%?E%ISTER _%: oy o ML’ SHIFT %(I]S%iSTER oy
0 IIdeedy [ SOy yyvvvyy p—
e Wiy [ < 32A a 328 i
GD DATA REGISTER »G2—> 50| DATAREGISTER G2
o il < H{'ﬂv—: —: >
M sy Syvwyyy YYYYVYYY  saind
LP 34A Sa2 LP 348
( »|  LATCH CIRCUIT »|  LATOH CIRCUIT
vYVYVYVYYY YYYYVYVYY
w7 v SHIFT OR ¥ LeveL SHFT OR
YYVYVYYVYYY YYVYYVYYY
VR 38A VR 38B
\ DAC / OUTPUT DAG / OUTPUT i
, AR EARRE TYIYVVVYY vvY
1 SB I SB g
10

8J0 ¥ 1994S €007 ‘€I ey uonednqng uonedfddy jusieg

LV 6PZ8P00/€00C SN

IPR2015-00887
Exhibit 2006
261 of 272



9l jo 9 abed

~
=
FIG. 6 2
=1
GCON Z
40. GATE CONTROLLER (SHIFT GOUNTER) =
cCD cep S
30, SHIFT REGISTER v
1CLK—Lp] >, ok £
~S30 ~S530 ~530 L §.
-
=
32 =
K ke PPOK a2 K s =
FF FF FF 3
ﬁ »D Q L >»D Q L E » D Qf 5
(]
RD/GD/BD 3 ) S |~ > > g
Lp{ck |y L pok [y, Lok |, g
FF FF FF g
l—' D Q —L B D a —L oD Q .]\ :‘
—¥ &
DINV , p G2 1
46 46 46 G
|3+
=
@
o=
: ¥ :
RD/GD/BD RD/GD/BD RD/GD/BD &
&
>
-

IPR2015-00887
Exhibit 2006
262 of 272



Patent Application Publication

Mar. 13,2003 Sheet 6 of 8 US 2003/0048249 Al

HSYNGC
ccD1 cCD2 ccp3
cco I i I
GCON1 N
GCONZ \ W
[ (o] 1< I U 1t A
[CLK2 .
ICLK3 [ I
i
Sa1—(DOXDTXD2XDIKDaX D5 DEXDTADEX DI T0ETIE 2 D—
RD,GD_Jg,, i DGTHE
BD.DINV D4XD5XD6XD gt)a DS 2 r—
Sad iDB (DODT0QTHEI2 —
LP
Pc ] L
LATCH
oaras = D0~Dm XDO~Dm
SBO~m DO~Dm DO~Dm
Page 7 of 16

IPR2015-00887
Exhibit 2006
263 of 272



9l jo g abed

o
]
g
8 ¢ &
FIG. | ! :
o J ~59 ’;—’_
62A_ CCDI~ GCLK1 g
67A L 4 J’ ; 72 v OFt g
70A 724 B T4A oL g:::’ 3
SHIFT COUNTER SHFT [~ | GATE DRIVE — . g
(GATE REGISTER | - PULSE . g
CONTROLLER) - _y.| GENERATOR ~2Gla . g
=]
* =
— ! G |—> G2 2
£
P OE2 -
GCoNT™ ~GCLK? F ,:
—3
o~
~ceb2 ~60 &
1723
="
~GCD2 8
I ; \\ — -
oy § G e - 2
678 F—> 7B ®
70B G/2B || GATE DRIVE .
SHIFT COUNTER i A PULSE .
REGIS »| GENERATOR = «
. S
=
[ G2 | O3 g
— M b $ > g
GCON2?2 ~sGCLK3 > <
CCD3 A > LCD PANEL x
&
>
o

IPR2015-00887
Exhibit 2006
264 of 272



Patent Application Publication Mar. 13,2003 Sheet 8 of 8 US 2003/0048249 Al

FIG. 9

CGDt

cco

ccD? CCD3

GCON1

GCON2

1
[ L
)

GCLK1 J

GCLK2

GCLK3

GLO

GL1

GL2

GL3

GlL4

GL5

GL6

GL7

OE1

OE2

OE3

Page 9 of 16

IPR2015-00887
Exhibit 2006
265 of 272



US 2003/0048249 Al

DRIVE CIRCUIT DEVICE FOR DISPILAY DEVICE,
AND DISPLAY DEVICE USING THE SAME

BACKGROUND OF THEL INVENTION
[0001] 1. Field of the Invention

[0602] The present invention relates generally to a drive
cireuit device for a display device such as a liquid crystal
display device, and more particularly, to a drive circuil
device that can reduce power consumption and suppress
occurrence of clectromagnetic waves.

[0003]

[0004F The liquid crystal display device is now widely
being used for {he momnitor screen of a computer, etc.,
because of its space-saving feature. In recent years, a larger
type 15 hurther being called for, and development of structure
10 meet the requirement is increasingly heing made.

2. Description of the Related Art

[0005] Of the liquid crystal display devices, a liquid
crystal display device of an active-matrix type bas pixcls in
a matrix arrangement, usiog active clements, like TFTs (tin
film transistors). This liquid crystal display device has pixel
clectrodes and a common clectrode on a liquid crystal
display pancl or substrate, and a liquid crystal layer between
lhem. Further, the liquid crystal display panel has source bus
lines and gate bus lines, which cross each other, and TFTs
provided al the crossing positions. And, by driving the gate
bus lines to cause the TFTs of the pixels located in the row
direction 10 2 conductive state, and applying voltage corre-
sponding to the half tone of the pixel to each source bus line,
the voltage corresponding to the half tonc of the pixel is
applied between the pixel electrode and the common elec-
trode. As the result of the application of voltage, the liquid
crystal layer between the pixel electrode and the common
electrode has a transmission factor corresponding to the
applied voltage, thereby allowing a reproduction of an
expected half tone to be possible.

[0806] In order to perform such display operations, a gate
driver which sequentially drives the gate bus lines, and a
source driver which drives the source bus lines simulita-
neously with the vollage comresponding to the displayed
data, are connected to the liquid crystal display panel. The
gote drver and the source driver will be embodied by an
integrated circuil device, and each ol the drivers drives a
plurality of gate bus lines or a plurality of source bus lines,
respeetively. Therefore, in order to drive many gale bus lines
and the source bus lines on the display circuit board, a
plurality of the gate drivers and souree drivers must be
connected to the area around the liquid crystal display panel.

[0807] With the requirement for space saving, the down-
sizing of the liquid crystal display device scems to be the
current trend, but, on the other hand, to meet the request for
larger size of the monitor sereen, & space for packing the gate
driver and the source driver js becoming limited. With this
limitation, signal lines for the data signal, clock signal or
control signal to be supplied to the plurality of the source
drivers and the gate drivers are formed on an 1.CD panel, on
which TFT source bus lines and gate bus lines for the liquid
crystal display panel are installed.

[0008] Unlike a printed circuit board, the signal lines to be
formed on the liquid crystal display pancl has relatively
higher resistance and capacitance compared with a printed

Mar. 13, 2003

circuit board, and cannot be covered with a ground wiring
layer. For this reason, when pulse signal with high frequency
is applied to these signal lines, a lot of power is consumed
to drive these signal lines, and a strong electromagnetic
wave will be scat out along with the driving. Espccially,
along the upsizing of the screen, the aumber of the driver Ics
will be increased, and further, the signal lines for propagat-
ing the data signal, clock signal, or control signal becomes
longer, so that the power consumption and occurrence of
electromagnetic wave is considerably increased.

SUMMARY OF THE INVENTION

[0009] Tt is therefore the object of the present invention to
provide a drive circuit device for a display device that can
suppress power consumption and occurrence of clectromag-
netic waves, and a display device using the same.

[0010] In order 1o attain the above objects, an aspect of the
present invention provides a diive circuit device for a
display device which drives a plurality of source bus lines
provided on a display panel, the drive circuit device com-
prising: a driver unit that receives a clock signal, a data
signal and a control signal, and sequentially fetches the data
signal, and generates drive signais for the source bus lines in
accordance to the fetched data signal; and a gate unit that,
after elapse of specified time from the reception of the driver
unit, 2nd at a timiog when a rear-stage drive circuit device
slarts receiving, starts outputting of a propagation signal
including at least one of the clock signal, data signal and
control signal to the rear-stage drive circuit device.

[0011] In order to achieve the above objects, anolher
aspect of the present invention provides a drive circuil
device for a display device which sequentially drives a
plurality of gate bus lines provided on & display panel, the
drive ¢ircuil device comprising: a driver unil that receives a
clock signal and a control signal, and sequentially gencrates
a drive signal for the gate bus lines, ia synchronism with the
clock signal; and a gate unit that, after elapse of specified
time from the reception of the driver unit, and at a timing
when a rear-stage drive circuit device starts receiving, staris
outputling of a propagation signal including at least one of
the clock signal and control signal to the rear-stage drive
circuit device.

[0012] According to the preseat invention, a drive circuit
device on a front stage receives the clock signal, data signal
and control signal {or generating the drive signal, and output
at least one signal of hese signals at a fiming when a drive
circult device ou 4 redr stage starts receiving these signals.
Therefore, when a plueality of drive circuit devices are
provided in serial on a display panel, and a clock signal, data
signal, control signal, ¢tc. are to be sequentially received by
the plurality of the drive circuit devices, these signals will
not be supplied to any drive circuit device on a rear stage of
the drive circuit device which is curreatly receiving signals.
Consequently, the power consumphion required for supply-
ing these signals and the generated amounnt of electromag-
netic waves resulting from the signal supply can be sup-
pressed, compared with the case of supplying these signals
to all drive circuit devices.

[0013] In a more preferred embodiment, in the display
device, a plurality of the drive circuit devices are connected
in serial, and the drive circuit devices are connected 1o a
display panel. Even if the display panel becomss larger, and
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the number of drive circuit devices increases, the power
consumption and generated amount of electromagnetic
waves cdn be suppressed, because propagaiing signals, like
a ¢lock signal, will only be supplied (o the drive circuit
devices, from the initial stage through the nocossary stage
according to the drive circuit devices as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. | shows a configuration of a liquid crystal
display device in the embadiment of the present invention;

[0015] FIG. 2 shows an enlarged view of the joint section
between a drive circuit device cireuit board 2 and a display
panel 1;

[0016] FIG. 3 shows a configuration of a drive circuit
device and a display panel in the embodiment of the present
inventiong

[0017] FIG. 4 is an operation-timing, chart of the drive
circuit device shown in FIG. 3,

[0018] ¥FIG, 5 shows a configuration of a seurce side drive
circuil device;

[0019] FIG. 6 shows a configuration of a data register in
the source side drive circuit device;

[0020] FIG. 7 is an operation-timing, chart of the source
side drive circuit device;

[0621] FIG. 8 shows a configuration of a gate side drive
cireuit device; and

[0022] FIG. 9 is an operation flowchart of the gate side
drive circuit device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Embodiments of the present invention will now be
described with reference to the drawings. It is however to be
understood that the protective scope of the present invention
is oot limited to the embodiments shown below, but that it
covers up to the invention defined by claims and its equiva-
lents.

[0024] FIG. 1 shows a configuration of a liquid crystal
display device in the embodiment. A display panel 1 has a
TET substrate forming TFTs, a common ¢leclrode substrate
forming & common clectrode, and a liguid erystal layer to be
provided between them. Out of these components, a con-
figuration of the TFT substrate is shown in FIG. 1. That is
1o say, on the display panel 1, pixel electrodes 3 are arranged
in a matrix pattern, and correspoading lo this matrix arrange-
menl, a plurality of gate bus lines 5 and & plurality of source
bus lines 6, crossing the gate bus lines, are provided, and
further, TETs 4 are provided at the intersections respectively.
And, when the gate bus line § is driven, the TET4 connected
to the gate bus line and located in the row direction will be
brought into conduction, and the vollage applied to each of
the source bus lines 6 will be supplied to the pixel electrode
3. As the result of this operation, the voltage corresponding
1o the display data will be applied to the liquid crystal layer
between the common ¢lectrode, though pot noted in the
drawing, and the respective pixel electrades 3, and the liquid
crystal layer can demonsirate an cxpected transmission
factor.
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[0025] To the peripheral area of the display panel 1, circuit
boards 2A and 2B, mounting a drive circuit device 7A or 7B,
respeetively, to drive the source bus linegs 6, are connected.
Moreover, a printed circuit board 8 mounting an input signal
supply circuit to supply a clock signal, data signal, control
signal or other signals to the drive circuit devices 7A and 7B
is connected la the peripheral area of the display panet 1.
And, the clock signal, data signal, control signal or other
signals outputted from the printed circuit board 8 are sup-
plied to the drive circuit device circuit board 2A on the initial
stage, throagh an input wiring 9 or the display panel 1, and
further are supplied to a drive circuit device 7A on the initial
stage, through wiring of the drive circuit device circuit board
2A, ,

[0026] Moreover, the drive circuit device 7A on the initial
slage supplics (he clock signal, data signal and control signal
1o the drive circuit device circuit board 2B on the next stage,
through a connection wiring 10 on the display panel 1, and
a drive circuit device 7B on the circuit board 2B receives
these signals. And, the second drive circuit device 7B
supplies the clock signal, data signal and control signal to
drive eirevit devices on the following stages, though not
shown in the drawing.

[0027] As deseribed above, the propagation signals, Jike
the clock signal, data signal, control signal, or other signals
outputted from the printed circuit board 8 of the input signal
supply circuit are supplied to the plurality of the drive circuil
devices 7A and 7B connected in tandem, through the con-
nection wiring 10 on the display panel 1.

[0028] Each of the drive circuit devices 7A and 7B gen-
erates drive signals for the source bus lines, corresponding
to the data signal and control signal inputted synchronizing
with the clock signal. And, in the timing after all the drive
circuit devices 7A and 7B sequeniially input the correspond-
ing data signal, the drive circuit devices 7A and 7B drive the
corresponding source bus fines 6 simultancously, Synehro-
nizing with this drive, a drive cireuil device on the gate side,
which is not shown in the drawing, drives one of the gate bus
lines 5, and the voltage applied 1o the respective source bus
lines 6 is applied 1o the pixel electrodes 3 through the TFT
4.

[0029] FIG. 2 shows an enlarged view of Lhe joint section
between the drive circuit device circuit board 2 and the
display panel substrate 1. On the surface of the display pancl
1, a connection wiring 10A is provided, and wirings 11 on
the cireuit board 2 mounting a drive cireuit 1C7 and the
coanection wiring 10A are connected at the joint section
shown in the diagonally shaded area, The connection wir-
ings 10A are formed so that the wiring width becomes wider
and wider toward the outer side, so that delay ol the signal
transmiltal of each wiring can be equal.

[0030] On the other haad, the plurality of gate bus lines §
are sequentially driven by a drive circuit device on the gate
side, which is ot shown in the drawing, synchronizing with
the 1iming of a horizontal synchronization signal. The drive
circuit device on the gate side is also mounted on a circuil
board same as shown in FIGS. 1 and 2, and the c¢ircuit board
is connceted to the peripheral area around the display pancl
1. Moreover, a gate clock signal and conrrol signal (hat
should be supplied to the drive cireuit device on the gate side
are propagated and supplied 1o a plurality of gate side drive
circuit device circuit boards, through connection wirings
provided on the display panel 1.
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[0031] FIG. 3 shows a configuration of a drive cireuit
device and a display panel in an embodiment of the present
inveniion. Yhe configuration shown in FIG. 3 can be applied
to both of a source side drive circuil device and a gate side
drive circuit devics. As described above, to a display pancl
1, like a liquid crystal panel, a drive circuit device circuit
board 2 mounting a drive circuit device 7 is connected. Tn
FIG. 3, the drve circuil device 7 and the circuit board 2
mounting the same are shown without distinguishing
between them. And, three drive circuit devices 7A, 78 and
7C are connected through the connection witing 10 on the
display panef 1.

[0032] Ia FIG. 3, a clock signal, data signal and control
siginal to be supplied to the individual drive circunit device 7
are shown all together as a propagalion signal Sa. This
propagation signal Sa is a signal that changes during the
same horizontal synchronization penod (or vertical synchro-
nization period), and is sequentially inpurted to a drive
circuit device 7A on an initial stage, a drive circuit device 7B
on a next stage, and a drive circuit device 7C on a third stage.
Also, & timing signal Sb is supplied to the plurality of the
drive circuit devices 7 in parallel, and controls the specified
operation timing for the plurality of the drive circuit devices
7. The timing signal Sb controls not only the operation
timing, but also may control the operation itself. Further, a
cascade signal CCD s a signal o control the timing when
the individual drive circuit devices 7A, 7B and 7C start
inpultting of the propagation signal Sa, and the drive circuit
device on the [ront stage supplies the cascade signal CCD (o
the drive circuit device on the rear stage to control the timing
for the drive cireuit device on the rear stage 1o start inputting.

[0633] The propagation signal Sa is inputted by the drive
circuit device 7A on the injtial stage, and then, inputted by
the drive circuit device 7B on the next stage, and further
inputted by the drive circuit device 7C on the third stage.
The input start timing of the propagation signal Sa at the
respective drive cirenit devices 7A, 7B and 7C is controlled
by the cascade signal CCD. Therefore, the propagation
signal Sa is not required to be supplied to the drive circuit
devices 7B and 7C on the following stages, while (he drive
circuil device 7TA on lhe initial stage is inputling the signal
Sa. Moreover, it is not necessary to supply the propagation
signal Sa o the drive ¢ircuit devices 7C on the third stage
and the following stages, while the drive cireuil device 7B
on the second stage is inputting the signal Sa.

[0034] Accordingly, the individual drive circunit devices
7A, 7B and 7C have driver cirenits 204, 208 and 20C to
inpul the propagation signal Sa and drive the source bus
lines or the gate bus lines, and gate circuits 22A, 22B and
22C 1o control the propagation of the propagation signal Sa
to the rear stage. And, the gate circuits begin the propagation
of the propagation signal Sa to the circuit on the rear stage,
responding (o gate control signals GCON 1, 2 and 3. And,
the gate control signals have almost the same timing as the
timing of the cascade signals CCD 2, 3 and 4 to be supplied
10 the drive circuit devices on the next stage, respectively, or
slightly earier timing (han that. Therefore, the cascade
signals CCL 2, 3 and 4 can be used instead of the gate
control signals GCON 1, 2 and 3. In other words, the
propagation start of the gate circuits 22A, 221 and 22C can
be controlled by the cascade signals CCD 2, 3 and 4.

[0935] Therefore, to the drive circuit device 7A on the
initial stage, a propagation signal Sal is supplied and
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inputted, however, the propagation of the propagation signal
Sal to the rear stage is imitially stopped by the gate civcuit
22A. And at the timing when the drive crcuit device 71 an
the next stage starts inputiing of the propagation signal, the
gatc circuit 22A is opeacd, and a propagation signal Sa2 is
propagated to the drive circuit device 7B on the next stage.
A propagation signal S$a3 to the drive circuit device 7C on
the third stage is the same as the propagation signal Sa2.

[0036] FIG. 4 shows an operation-timing chart of the
drive circuit device shown in FIG. 3. In FIG. 4, the
propagation signal Sa, the cascade signal CCD, the gate
control signal GCON, and the timing signal $b are shown.
The propagation signal Sa is sequentially inputted to the
plurality of the drive circuit devices 7, during horizontal
synchronization period (or vertical synchronization peried),
(0 be used for generaling a drive signal. As an example of the
propagation signal Sa, FIG. 4 shows that the data sigaals DO
through Dn, Dn+1 through D2n, and D2n+1 through D30 are
individually inpulied to the drive circuil devices 7A, 7B and
7C. The data signal can be a clock signal or a specified
control signal.

[0037] A propagation signal Sal outputied from an input
signal supply circuit, which is not shown in the drawing, is
fetched into the driver circuit 20A, responding to a first
cascade signal CCD1 to be supplied to the drive circuil
device 7A on the initial stage. The propagation signal Sal
means, as desceibed later, 4 dot ¢lock signal, data signal and
its control signal, in the case of the source side drive cirenil
device, or a gate clock signal and its coatrol signal in the
case of the gate side drive circuit device.

[0038] While the drive circuit device TA on the initial
stage is inpuiting this propajation signal Sal, the gate circuit
22A remains in the closed state, 50, propagation to the drive
cireuit devices 7B and 7C on the rear stages will not be
performed. Therefore, the propagation signal $al which
sequentally changes will only be propagaled up 1o the drive
circuit device 7A on the initial stage, sa, the input signal
supply circuit 8 will not drive the connectivn wiring 19 to
the drive circuit devices on the rear stages.

[0039] Next, when the input of the propagation signal Sal
by the drive circuit device 7A on the initial stage finishes, the
supply of propagation signal Sa2 (o the drive circuit device
78 on the next stage starts. That is to say, the gate circuit
22A opeus, responding o the gate control signal GCON1
generated by the driver circoit 20A on the initial stage, and
the propagation of the propagation signal Sa2 (o the next
slage starts. Further, responding to the cascade sigpal CC2
generated by the driver circuit 20A on the initial stage, a
driver cireuit 20B in the drive circuit device 7B on the pext
slage starts inputting of the propagation signal Sa2. There-
fore, the gate control signal GCONL controls the start-up of
the propagation of the propagation signal Sa to the rear
stage, und the cascade signal CCD1 eontrals the start-up of
the input of the propagation signal by the drive circuit device
on the rear stage. Therefore, the gate control signal GCONT
has almost the same timing as the timing of the cascade
sigoal CCD1, so, the gate control signal can be replaced with
the cascade signal.

[0040] 1n FIG. 4, a timing signal Sb occurs once during
the horizonial synchronization period (or vertical synchro-
nization pericd), and controls the predetermined operation
timing of the driver circuit.
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[0041] FIG. 5 shows a configuration of a source side drive
ciecuit device, Further, FIG. 6 shows a configuration of a
data register in the source side drive circuit device. And,
FIG. 7 shows an operation-timing chart of the source side
drive circuit device.

[0842] In FIG. 5, a drive circuit device circuit board 2A
and a drive circuit device 7A on the initial stage, and a drive
cireuit device cireuil board 2B and a drive cireuit device 7B
on the next stage are shown. Like FIG. 3, the drve circuit
device and its mounting circuit board are shown without
distingushing between them. And, these drive circuit board
circuit boards 2A and 2B are connected to a liquid crystal
display panel 1.

[0043] 1In the case of the source side drive circuit device,
as 4 propagation signal Sa that changes during a horizontal
syuchronization period, and o be lnputted sequentially by
individual drive circuit devices, there are a clock signal
ICLK, display data signals RD, GD, BD, and their invert
control signal DINV. Also, as a signal Sb to be inputted
simultaneously to all drive circuit devices, there are a latch
pulse LP, a phase control signal PC 10 contrnl a drive
polarity, and a standard valtage VR. Aad, to the source side
drive circuit device, a cascade signal CCD to conwrol the
inpul stan of a data signal is inputted.

[0044] The drive circuit deviee 7A on the initial stage has
a shift register 30A, which starts inputting of a clock ICLK1
responding to a cascade signal CCDI, and shifts output
signals S30 synchronizing with the clock JCLKI; a data
register 32A, which inputs and holds display data signals
R, GD, BD and a data invert control signat DINV, respond-
ing to the output signal S30 of the shift register 30A; and a
latch circuit 34A, which responding to 2 latch pulse LP,
latches the data signals that are inverted or are not inverted
from the display data signals RD, GD and BD ioputted and
held by the data register 32A, corresponding to the data
invert control signal DINV.

[0045] Moreover, a drive control circuit device 7A has a
level shift cireuil 36A, that reverses the phases of the data
signal latched by the lateh circuit 34A for ¢ven numbered
source bus lines and odd numbered source bus lines, corre-
sponding to the phase control signal PC, and a D/A converter
and output circult 38A, that converts digilal outputs of the
level shifi circuit 36A inio analog outputs, and outpuls the
analog drive signals to the source bus lines SB.

[0046] Also, the drive control circuit device TA has a first
gate cireuit G1 to propagate the elock signal ICLKI, that is
the propagation signal Sal, to the following stage, and a
second gatc circuit G2 to propagate the display data RD,
GD, BD, and the data mvert signal DINV to the following
stage. A gale control signal GCON1 to control the gate
circuits is generated by a gate coatrol circuit 40A. The gate
control circuit 40A inputs and shifts the clock TCLK1,
responding to the cascade signal CCD1, and generates the
gate control signal GCONI1, in the timing when a drive
circuil device oun the next stage starts inputting the propa-
gation signal Sa2. The first and the second gate circuils G1
and G2 open, respoading to the gate control signal GCONI,
anxl start propagating of the propagation signal Sa2 and the
clock ICLK2 to the drive ¢ireuit device on the next stage.

[M047] Like the drive circuit device 7A, a drive circuit
device 7B on the next stage has a shift register 30B, a data
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register 32B, a latch circuit 34B, a level circuit 368, 2 D/A
converter/output ciseuit 388, a gate control circuil 408, and
further a first and a second gate circuits G1 and G2. And, the
drive circuit device 7A on the initial stage and the drive
circuit device 713 on the acxt stage arc <onnccted through
connection wirings 10 on a dispiay panel 1.

{0048] As shown in FI1G. 6, the data register 32 has first
flip-flops 42 to sequentially latch display data signals RD,
GD and BD, synchronizing with shift cutputs S30 to be
sequentially outpuited from the shift register 30, synchro-
nizing with the clock ICLK, second flip-tlops 44 to sequen-
tially laich a data invert control signal DINV, and EOR gates
46 10 output an XOR (an exclusive OR) of the data invert
coatrol signal and the display data. Each of the display data
signals RD, GD and BD is a digital signal of § bits;
therefore, the first flip-flops 42 latch digital signals of 24
bits. Also, the data invert control signal DINV is a control
signal of 1 bit to be supplied, corresponding to the 24 bits
display data signals.

[0049] With the display data signals RD, GU and BD
being digital signals of 24 bits, 24 signal lines must be driven
to H, L levels, synchronizing with the clock ICLK. So,
information on whether the supplied display data signals
RD, GD and BD of 24 bits should be invéried or not,
comparing the display data signal of the previous pixel and
the display data signal of the next pixel, will be generated as
the data invert control signal DINV, By the utilization of the
data fovert control signal DINV, the number of bits of the
display data signals which change from H level 10 L level,
or [rom L level to H level can be reduced 1o less thag a hall
of 24 bits.

{0050] For instance, in case of displaying data in white for
the previous pixel, corresponding 1o the highest tone level,
the display data signal of 24 bits is all H level, and if the
pixel next to that is for display in black, corresponding to the
lowest tone level, the display data signal of 24 bits is all I
level. Consequently, the display data signals of 24 bits must
change from the H Jevel to the L level simultaneously.
Therefore, by driving only the data invert control signal
DINV o the H level to show inversion of display data
signals, leaving all the display data signal on H level without
changing, the power to drive the display data signal lines can
be suppressed.

[0051] By the EOR gaie 46, the latched display data
signals are javerted by the data invert control signal DINV
of H level that indicates invert, and the latched display data
signals are nol inverted by lhe data invert control signal
DINV of L. level that indicates non-invert.

[0052] Then, the following shows description of operation
of the source side drive circuit device, with reference to the
operation-timing chart shown in FIG. 7. The drive circuit
device 7A on the initial stage Inputs the clock ICIKI,
responding 10 the cascade signal CCD1, and the shilt register
30A scquentially generates the data latch signals S30, syn-
chronizing with the clock. Further, the display data signals
RD, GD and BD, aad their invert control signal DINV (the
propagation signal Sal as noted in KIG. 7) change, syu-
chronizing with the clock ICLK1, and the data register 32A
iaputs and holds these display data signals and the invert
control signal, responding to the data latch sigrals S30.

[0053] During that processing, the gate control circuit 40A
counts the clock ICLK responding 1o the cascade signal
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CCD1, and generates a gate control signal GCON1, aligning
with the timing when the drive cirenit device 7B on the next
stage starts inpulting the display data signals and their invert
control signal.

[0054] Responding to this gate control signal GCON1, the
first and the second gate circuits G1 and G2 start sequential
transferring of the clock signal ICLK2, the display data
signals RD, GD, BD, and ihe data invert control signal
DINYV to the rear stage. The galc circuiis G1 and G2, which
comprise, for instaace, a non-invert buffer circuit, a transfer
cireuil, elc., start propagating of signals to the rear stage,
responding to the gate control signal GCONL. Therefore, as
shown in FIG. 7, a second propagation signal Sa2 starts
changing, respanding to the gate control signal GCONT.
Further, a second clock signal ICLK2 also starts changing,
responding to the gate control signal GCONL.

[055] Responding to a cascade signal CCD2 outputied
from a shift register 30A on the initial stage, a shift register
301 in a drive circuit device 713 on a second stage starts
inpulting of the clock ICILK2, and sequentially outputs data
fatch signals 830, synchronizing with the clock. Responding
to the output, a data register 32B inputs and holds the display
data signals RD, G, BD, and the data invert control signal
DINV, that are the second propagation signal Sa2.

[0056] When the drive circuit device 7B on the second
stage almost finishes the inpul of the display data signals and
the data invert control signai, a gate coatrol circuit 40B
autputs a second gate conteol signal GCON2, aligning with
the timing when a drive circuil device on the third stage,
which is not shown in the drawing, starts input. With this
output, transfer of a clock signal ICTK3, display data signals
RD, GD, BD, and the data invert control signal DINV 1o a
drive circnit device on the third stage starts.

[0057] When the input of the display dala signals and the
data invert control signal finished at all drive circuit devices,
a latch pulsc signal LP is gencrated, and latch circuits 34 in
all drive circuit devices latch display data D@ through Dm
held in the dlata registers 32. Simultaneously with the latch,
the display data DO through Dm held by the lateh circuits 34
are transferred to level shift circudts 36.

[0058] The level shift circuit 36 changes the polarity of the
display data to the odd side source bus lines inta negative or
positive, and the polarity of the display data 10 the even side
souree bus lines inlo negative or positive, corresponding to
a phase control signal PC, and oulputs to a digital/analog
conyert cireuit and output circuit 38. Then, the souree bus
lines SBO through SBm will be driven simultancously.

[0089] As described above, while a source drive cireuit
device on the inilial slage is inputting the display data signal,
data invert signal and the clock signal, transfer of these
signals to a source drive device on the next stage is stopped,
for the purpose of suppressing power consumption and
oceurrence of clectromagnetic wave caused by changes in
these signals. And, in the timing when a source drive circuit
device on the second stage starts inputting of the display data
sipoal, data invert signal and the clock signal, the gate circuit
opens, so that propagation of these propagation signals to
source drive circuit devices on Lhe second can be started.
However, at this time, propagation of these propagation
signals to source drive circuit devices ou the third stages or
following stages is left in the stopped state.
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[V060] As described above, the propagation signals are
propagated only (o (he least possible number of drive circuit
devices, and the propagation of the propagalion signals to
drive cireuit devices on the following stages is stopped, so
that power consumption and occurreace of cloctromagnetic
wave can be suppressed.

{0061] FIG. 8 shows a conliguration of a gate side drive
cirenit device. And FIG. 9 shows its operation flowchart.
The gate side drve circuit devices 67A and 67B are indi-
vidually mounted on drive circuit device circuit boards 62A
and 62B, and connccted to a liquid crystal display panel 1.
Also, the devices 67A and 678, and the circuit boards 62A
andd 62B are showa in FIG. 8, without distinguishing each
other. And, the gate side drive cirenit device 67A on the
initial stage and the gale side drive circuit device 67B on the
next stage are connecied through connection wirings 60 on
the display circuvit panct 1.

(0062] The gate side drive circuit devices 67A and 678
sequentially drive gate bus loes GLO through GLn and
GiLo+1 through GI2N provided oo the display panel 1,
synchropizing with a gate ¢clock GCLK. For this purpose, the
gale side dnive circuit device has shift registers 72A and 721
to input a gate clock GCLK, and sequentially generate a
drive timing signai $72 synchronizing with the nput; and
gate drive pulse generator cireuits 74A and 74B o sequen-
tially generate gate drive pulse signals, synchronizing with
the drive timing signal $72. Qutput enable signals OEL and
0E2 to be supplied to the gate drive pulse generator circuits
74A and 74B are signals to control the drive pulse iming for
the purpose of preventing the gate bus lines from becoming
the double selection state caused by the overlapping drive
pulses to the adjacent gate bus lines.

{0063] Moreover, the gate drive circuit devices 67A and
67B have gate circuits G1 and G2 to control the propagation
of the gate clock GCLK and the output enable signal OE to
the rear stage. Shill counters 70A and 70B generale the gate
control signals GCON1 and 2 aligning with the timing when
a drive circuit device on the rear stage starts input, and these
gate circuits G1 and G2 start the transfer of the gate clock
and output enable signal o the rear stage, responding to the
gale control signals. The operations of the gate circuit and
the shift counter (gate control circuit) are the same as those
on the source side drive circuit device.

[0064] Next, the following deseribes operations with ref-
erence to F1G. 9, brom an input circuit device, which is not
shown in FIG. 8, through inpul wirings 59 on the display
panel 1, the gate clock signal GCLKI, the output enable
signal OE1, and the cascacle signal CCID1 are supplied 1o the
drive circuit device 67A on the initial stage. The shift
register 72A starls the input of the gate clock GCLKI,
responding 1o the cascade signal CCDI, and sequentially
generates gate drive timing signals $72, and further, the gate
drive pulse generator cirenit 74A scquentially generates gate
drive pulses GLO and $0 on. The gate drive pulses GLO and
50 on generated by the gate drive pulse generator circuit 74A
rise in the timing of the drive timing signal $72, and fall in
the timing of the output enable signal OEL.

[0065] When the gate side drive circuit device 67A on the
initial stage finishes driving of the corresponding gate bus
lines, the gate control signal GCONI is generated in the
timing when the gate side drive circuit device 67B on the
next stage starls inputling of the gate clock signal GCLK2
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and the cutput enable signal OE2, so that the gate circuits G1
and G2 siart the transfer of the gate clock signal and the
outpul enable signal to the rear stage. Therefore, responding
1o the gate control signal GCON1, the propagation. of a
second gate clock signal GCILK2 and a second output enable
signal OE2 starts,

[0066] The gate side drive circuit device 67B on the next
stage starts inputting of the second gate clock signal GCLK2
and the second output cnable signal OE2, and sequentially
drives the corresponding gate bus lines GL. And, the gate
side drive circuit deviee 678 on the next stage also opens the
gate cireuits G1 and G2, aligning with ihe timing when the
gate side drive circnit device on the rear stage (not noted in
the drawing) starts inputting of the gate clock signal and the
ouiput enable signal, and starts the propagation of a third
gate clock signal GCLK3 and a third output enable signal
OE3.

[V067] ‘Therefore, the propagation signals, like the gate
clock signal GCLK and the output enable signal OE are only
propagated up 1o the drive circuit device that inputs these
signals and drives the gate bus lines, and the propagation to
drive circuit devices on the following stages will not be
performed. Therefore, power consumption associated with
drving these signals and oceurrence of electromagnetic
wave can be suppressed,

[0068] As described above, in the embodiments of the
present invention, the supply of the clock signal, data
signals, control signals, etc. to a plurality of drive circuit
devices is limited only to the stage that inputs these signals
and performs the predetermined operation, and the supply of
these signals is stopped to drive circuit devices on the
following stages. Therefore, even if drive load becomes
larger, cawsed by the signal wiring o supply these signals
becoming longer, or the signal wiring formed on the display
panel increases the resistance or capacitance, the signal
wiring to be driven can be suppressed, so thal power
consumption and occurrence of electromagnetic wave can
be suppressed.

[0069] In the embodiment as described above, in the
source side drive circuit device, the timing of starting the
propagation of zll of the clock signal, data signals and data
invert signal to the rear stage has been controlled by the gate
circuit, but the timing of starting the propagation of at least
one of the clock signal, data signals and data invert signal ©
the rear stage may be controlled. Also, in the pate side drive
circuil device, the timing of starting the propagation of at
least one of the gate cloek signal and output enable signal to
the rear stage may be controlied.

[0070] As set forth hereinabove, according, o the present
invention, by means of allowing the propagation signals
propagating to a plurality of drive circuit devices, not to be
propagalted to drive cireuit devices in the rear stages fol-
lowing the drive circuit device that inputs the propagation
signal, power consumption accompanicd with driving of the
propagation signal and occurrence of electromagnelic wave
can be supptessed. Therefore, the drive circuit device of the
present invention is useful as a drive cireudl device foc the
display device such as the liquid crystal display device.
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What is claimed is:
1. A drive cireuit deviee for a display deviee which drives
a pluzality of bus lines disposed on a display panel, the drive
circuit device comprising:
a driver uait that receives a propagation signal including
at least one of a clock signal and a control sigsal, and
generates a drive signal for the bus lines; and

a gale unit that, at the timing when 2 rear-stage drive
cirenil device starts receiving the propagation signal,
after elapse of predetermined time from the receplion
of the driver unit, starts outputting of the propagation
signal 1o Lhe rear-stage drive circuit device.

2. Adrive cireuds device for a display deviee which drives

a plurality of source bus lines disposed on a display panel,
the drive cireuit device comprising:

a driver unit that receives a clock signal, a data signal and
a control signal, and sequentially fetches the data signal
0 generale a drive signal for the source bus lines in
accordance to the fetched data signal; and

=

gate unit that, at the Liming when a rear-stage drive
circuit device starts receiving a propagaliou signal
including at least one of the clock signal, data signal
and control signal, after elapse of predetermined lime
from the reception of the driver vnit, starts outputting
of the propagation signal to the rcar-stage drive circuit
device.

3. The drive circuit deviee according to claim 2, wherein

the control signal includes an invert control signal indica-
tive of “invert”, or “non-invert” of the data signal.
4. The drive circuit device according 1o claim 2, wherein

the driver device receives an input cascade signal to
control the start of fetch of the data signal, and outputs
an oufput cascade signal to control the feteh of the data
signal at the rear stage, aller the completion of letching
of the data signal.
5. The drive circuit device according to claim 4, further
comprising:

a gate control circuit that inpuis the input cascade signal
and clock signal, and generates a gate control signal o
control the gate unii 1o start outputting of the propa-
gation signal.

6. The drive circuit device according to claim 4, wherein

the gate unit starts ouiputting of the propagation signal, in
response o the output cascade signal.
7. The drive ¢ircuit device according to <laim 4, further
comprising;

a data register {o felch and hold the data sigoal at the
timing of the clock signal, in response to the input
cascade signal.

8. A drive circuit device for a display device which

sequentially drives a plurality of gate bus lines disposed on
a display panel, the drive circuit device comprising:

a driver unit that receives a clock signal and a control
signal, and sequentially generates drive signals for the
gate bus lines, in synchronism with the clock signal;
and

=

gate unit that, at the timing wheu a rear-stage drive
circuit device starts receiving a propagation signal
including at least one of the clock signal and control
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signal, after the elapse of predetermined time from the
reception of the driver unit, starts outputting of the
propagation signal to the rear-slage drive circuit device.
9. The drive circuit device according to claim 8, wherein

the control signal includes an output enable signal to
control the outputting period of the drive signal gen-
erated by the driver unit.

10. The drive circuit device accarding to claim 8, wherein

the drive circuit device receives an input cascade signal to

control the start of fetching of the clock signal, and

outputs an output cascade signal to control the fetching

of the clock signal at the rear stage, after the completion

of generation of the drive signals for the gate bus lines.

11. The drive circuit device according to claim 10, further
comprising:

a gate conirol circuit which inputs (he input cascacle signal
and the clock signal, and generates a gate control signal
1o control the gate unit to start outputling of the
propagation signal.
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12. The drive circuit device according to claim 10,
wherein

the gate unit staris outputting of the propagation signal, in
response Lo the output cascade signal.
13. The drive circuit device according to claim 10, further
comprising:

a gate drive signal generator cirenit to generate the drive
signals at the timing of the clock signal, in response to
the input cascade signal.

14. A display device having a plurality of drive circuil
devices according to any one of claims 1, 2, or 8 that are
connected in tandem, ihe display device comprising:

a display panel 1o which the plurality of drive circuit
devices are connected, the display panel being provided
with a plurality of source bus lines and a plurality of
gate bus lines that intersect the source bus lines.
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