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I. 37 C.F.R. §42.8—-MANDATORY NOTICES
A. 37 C.F.R. §42.8(b)(1)-Real Party-in-Interest

Samsung Display Co., Ltd.; Samsung Electronics Co., Ltd.; and Samsung
Electronics America, Inc. are the Petitioners. No other parties exercised or could
have exercised control over this Petition and no other parties funded or directed this

Petition.

B. 37 C.F.R. §42.8(b)(2)-Related Matters

Polaris PowerLED Technologies, LLC has asserted the *512 Patent in the
following civil action:
o Polaris PowerLED Technologies, LLC v. Samsung FElectronics
America, Inc., Case No. 2:22-cv-00469 (E.D. Tex.), filed December 12,
2022 (the “District Court Litigation™). See Ex.[1005], (Complaint).

C. 37C.F.R. §42.8(b)(3)-Lead and Back-Up Counsel

Petitioners provide the following designation of counsel.

LEAD COUNSEL BACK-UP COUNSEL
Eliot D. Williams (Reg. No. 50,822) Neil Sirota, (Reg. No. 38,306)
Baker Botts L.L.P. Baker Botts L.L.P.
700 K Street, N.W. 30 Rockefeller Plaza
Washington, DC 20001 New York, NY 10112
(202) 639-1334 (212) 408-2548
eliot.williams@bakerbotts.com neil.sirota@bakerbotts.com

Mark Oda (Reg. No. 76,659)
Baker Botts L.L.P.

101 California Street, Suite 3600
San Francisco, CA 94111

_1-
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(415) 291-6234
mark.oda@bakerbotts.com

Lance Goodman (Reg. No. 77,989)
Baker Botts L.L.P.

401 South 1st Street

Suite 1300

Austin, TX 78701

(512) 322-2629
lance.goodman(@bakerbotts.com

William M. Fink (Reg. No. 72,332)
O’Melveny & Myers LLP

1625 Eye Street, NW

Washington, DC 20006

(202) 383-5300

tfink@omm.com

Benjamin Haber (Reg. No. 67,129)
O’Melveny & Myers LLP

400 South Hope Street, 18th Floor
Los Angeles, CA 90071

(213) 430-6000
bhaber@omm.com

D. 37 C.F.R. §42.8(b)(4)-Service Information

A copy of this entire Petition, including all Exhibits and a Power of Attorney,
is being served by FEDERAL EXPRESS, costs prepaid, to the address of the
attorney or agent of record for Patent Owner at the USPTO for the *521 Patent:

Brian D. Ogonowsky (brian@patentlawgroup.com)
Patent Law Group

2080 Marich Way, #16

Mountain View CA 94040
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David Millers (dmillers@millerspatentlaw.com)
Patent Law Office of David Millers

1221 Sun Ridge Road

Placerville, California 95667

Petitioners consent to service at lead counsel’s address provided above and
consents to e-mail service, provided it is made to all of the following e-mail
addresses:

Eliot D. Williams (eliot.williams@bakerbotts.com)

Neil Sirota (neil.sirota @bakerbotts.com)

Mark Oda (mark.oda@bakerbotts.com)

Lance Goodman (lance.goodman@bakerbotts.com)
William M. Fink (tfink@omm.com)

Benjamin Haber (bhaber@omm.com)

A Power of Attorney is filed concurrently herewith under 37 C.F.R.

§42.10(b).
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II. CLAIM LISTING

Claim 1

[1-Pre]

An active matrix organic light emitting diode (AMOLED) display
system comprising an AMOLED display panel receiving a video signal
to be displayed on the AMOLED display panel, the AMOLED display
panel comprising a plurality of organic light emitting diode (OLED)
pixel elements, the AMOLED display system comprising:

[1-A]

a video driver receiving the video signal and generating a video drive
signal indicative of the video signal and referenced to a positive power
supply voltage of the AMOLED display panel; and

[1-B]

a current driver coupled to at least one OLED pixel element, the current
driver receiving the video drive signal and the positive power supply
voltage and providing a drive current to the at least one OLED pixel
element,

[1-C]

the drive current being proportional to a current drive voltage being
indicative of the video signal and independent of the positive power
supply voltage.

Claim 2

2]

The AMOLED display system of claim 1, wherein the video drive signal
is indicative of the sum of or the difference between the positive power
supply voltage and the video signal and the current drive voltage is
indicative of the difference between the positive power supply voltage
and the video drive signal.

Claim 3

3]

The AMOLED display system of claim 2, wherein the video driver
comprises a differential instrumentation amplifier circuit for providing
the video drive signal being the difference between the positive power
supply voltage and the video signal.
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Claim 4

[4-pre]

4. The AMOLED display system of claim 3, wherein the video driver
comprises:

[4-A]

an operational amplifier having a positive input terminal coupled to a first
resistor, a negative input terminal coupled to a second resistor and an
output terminal providing the video drive signal;

|4-B]

the first resistor being coupled between the positive input terminal of the
operational amplifier and a ground voltage or a negative power supply
voltage;

[4-C]

the second resistor being coupled between the video signal and the
negative input terminal of the operational amplifier;

[4-D]

a third resistor being coupled between the positive input terminal of the
operational amplifier and the positive power supply voltage; and

[4-E]

a fourth resistor being coupled between the negative input terminal and
the output terminal of the operational amplifier.

Claim 5

5]

The AMOLED display system of claim 2, wherein the video driver
comprises a current mode isolator circuit for providing the video drive
signal being the difference between the positive power supply voltage and
the video signal.

Claim 7

7]

The AMOLED display system of claim 2, wherein the video driver
comprises a video clamp circuit for providing the video drive signal being
the sum of the positive power supply voltage and the video signal.
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III. PETITION CONTENT
A. Standing

Petitioners certify that the *521 Patent is eligible for inter partes review and
that Petitioners meet the eligibility requirements of 37 C.F.R. § 42.104.

B. Relief Requested

Petitioners request invalidation of Claims 1-5 and 7 (collectively, “Challenged
Claims™) of U.S. Patent No. 7,259,521 (“the ’521 Patent”), assigned to Polaris
PowerLED Technologies, LLC. (“Patent Owner” or “PO”).

C.  Priority Date
The 512 Patent was filed on August 28, 2006. Ex.[1001], Cover. The *512

Patent does not claim any earlier priority date.

D. Invalidity Grounds®

Ground Claims Basis for Challenge

1,2 1,2,7 §102—Anticipated or obvious in view of by Kim
and the knowledge of a POSA

3 1,2 §102—Anticipated by Hayafuji

4 1-3,5 §103—Obvious in view of Hayafuji and the
knowledge of a POSA

5 1-4 §103—Obvious in view of Steer and the
knowledge of a POSA

2 See §VIII.
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IV. DISCRETIONARY DENIAL IS NOT APPROPRIATE

The factors identified in Apple Inc. v. Fintiv, Inc., IPR2020-00019, Paper 11
(March 20, 2020), do not provide a basis for denying institution.

The first Fintiv factor is neutral here. Samsung has not yet moved to stay the
district court proceedings pending IPR, and the PTAB will not infer how the district
court would rule should a stay be requested. Hulu LLC v. SITO Mobile R&D IP, LLC
et al., IPR2021-00298, Paper 11 at 10-11 (PTAB May 19, 2021).

For the second Fintiv factor, the district court has not set a trial date in the
litigation. Speculating based on prior practice in Judge Gilstrap’s Court, the earliest
estimated trial date is approximately October 2024. Even if trial proceeds in October
2024, the above timing does not tip in favor of denying the petition in this case.
Apple Inc. v. Koss Corp., IPR2021-00305, Paper 14 at 13 (PTAB June 3, 2021). This
Petition is filed in March 2023. An institution decision should be issued in
September 2023, with a final written decision (FWD) in September 2024. Thus, the
earliest estimated trial date would be after the FWD. PTAB cases analyzing similar
schedules have weighed the second factor as neutral or only slightly in favor of
denial. Google LLC et al. v. Parus Holdings, Inc., IPR2020-00847, Paper 9 at 12
(PTAB Oct. 21, 2020) (trial scheduled three months before FWD weighs “at best,

neutral”).
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Using the median time to trial for civil actions in E.D. Tex. (~24.5 months) to
estimate the trial date, (See USPTO Memorandum RE Discretionary Denials, June
21, 2022), trial is not expected to occur until December 2024, several months after
a FWD will issue.

The third Fintiv factor weighs strongly against denial. Samsung has not yet
answered Polaris’s Complaint. No hearing has been set and no substantive activity
has occurred in the case. The Case Management Conference is expected to be set no
earlier than April 2024. Because the investment in the parallel proceeding by the
court has been minimal and Petitioners acted diligently, this factor weighs strongly
against discretionary denial. Hulu, Paper 11 at 13.

The fourth Fintiv factor also weighs against denial. Because the median time
to trial for civil actions in E.D. Tex. suggests that trial will not occur until at least a
month after a FWD is issued, “there is a reasonable likelihood that the Board will
address the overlapping validity issues prior to the district court reaching them at
trial..., thereby providing the possibility of simplifying issues for trial.” Juniper
Networks, Inc. v. Packet Intelligence LLC, IPR2020-0039, Paper 21 at 18 (PTAB
Sept. 10, 2020); MED-EL Elektromedizinische Geraete GmbH v. Sonova AG,
IPR2020-00176, Paper 13 at 15 (PTAB June 3, 2020).

Moreover, Petitioners are challenging more claims than what is likely to be

asserted in the district court litigation. PO’s Complaint identifies only independent

_8-
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Claim 1. Ex.[1005], 439. In the district court, PO will likely assert a subset of claims,
while this Petition challenges Claims 1-5 and 7. This IPR proceeding is thus likely
the only venue in which these invalidity challenges will be adjudicated against
several claims in the *521 Patent, which promotes system efficiency and benefits the
public in that more claims will be addressed here and will resolve disputes against
future district court defendants. Vudu, Inc. v. Ideahub, Inc., IPR2020-01688, Paper
16 at 14-15 (PTAB Apr. 19, 2021) (“differences in asserted claims” and claims
challenged in the petition weighs against denial).

On the fifth Fintiv factor, the Board should give little weight to the fact that
Petitioners and PO are the same parties as in district court. Weatherford U.S., L.P.,
v. Enventure Global Tech., Inc., Paper 16 at 11-13 (Apr. 14, 2021).

“Other circumstances” under the sixth Fintiv factor further weigh against
discretionary denial. The merits of the Petition are compelling. Here, there are three
references that anticipate or render obvious independent Claim 1 and the three
references (each directed toward one of the three embodiments of the 521 Patent)
render obvious nearly all of the ’°521 Patent claims. All elements recite nothing more
than predictable approaches applying a drive current to a pixel that is immune from
supply voltage variations as explained by the prior art and are well within a
POSITA’s skill and knowledge. Align Tech., Inc. v. 3Shape A/S, IPR2020-01087,

Paper 15 at 42-43 (PTAB Jan 20, 2021).

_0.
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Taken together, the Fintiv factors strongly weigh against denial.

V. ’521 PATENT OVERVIEW
A.  Prosecution History

The ’521 Patent was filed August 28, 2006, issued August 21, 2007, and had
a short prosecution history with no rejections. Ex.[1002], 434. Ex.[1004]. None of
the references relied upon herein were raised during prosecution.

B.  Specification

The ’521 Patent’s alleged invention relates to an AMOLED display system
having a video driver and a pixel element. Ex.[1001], Abstract. The video driver
may be either external or integrated with the display. Ex.[1001], 7:52-8:2. Figure 1

depicts a diagram of a conventional AMOLED system. Ex.[1001], 3:36-37, Fig. 1.

\ AMOLED Display Panel
Voe VDD 2

14 j Current Driver
—————————— 1
34
12 24

]
|
| Video.OLED | |
I — |
- \| Video.DAC W i m!
Video Source )—— T — | |
18 ~ 1 | b =
20 ll
13

________ | -

10

16 32

FIG. 1
(Prior Art)

Ex.[1001], Fig. 1.
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Video source 12 provides video signals (Video.DAC) to AMOLED display
panel 30. Ex.[1001], 1:57-59. “[V]ideo drive signal v(t) is a signal that is referenced
to the ground voltage (node 16).” Ex.[1001], 2:2-3.

The purported invention references incoming video signals to the same
positive power supply (“PPS”) voltage as the display panel, instead of the ground
voltage, to generate a video drive signal (“VDS”) driving a current driver that

provides current to the pixel element. Ex.[1001], Abstract, Fig. 2.

100\ AMOLED Display Panel
102 VDD Al
T < 1'0% “““““ ! 1’ Current Driver
' e 34
: Y | + L
! | 124 | Video.OLED | |
| : - |
| M1,
: vy || |—IE .
I v T ___ ~J
! 1122
| | lln
! I
Video Source Video DAC 1 | //\\::
| e :
L o | 2

FIG. 2

Ex.[1001], Fig. 2.
The 521 Patent purportedly provides a system “immune to power supply
voltage variations and provides display images that are free from undesired flickers

and brightness variations.” Ex.[1001], 3:65-69.

-11 -
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However, video drivers referencing VDS to PPS voltage to eliminate or
reduce effects of PPS voltage variation in display systems were well-known before
the *521 Patent. See also Ex.[1002], 9935-43, 50-75 (discussing the 521 Patent’s
purported invention and explaining related background concepts).

C. Level of Ordinary SKkill in the Art

As of August 28, 2006, a person of ordinary skill in the art (“POSA”) would
have a B.S. in Electrical Engineering or equivalent field, with 3-5 years of academic
or industry experience in OLED display engineering or comparable industry.
Ex.[1002], 990044-0045. Additional education could compensate for less practical
experience and vice versa. Ex.[1002], 9944-45.

VI. CLAIM CONSTRUCTION

For terms not explicitly construed below, Petitioners interpret them for this
proceeding in accordance with their plain and ordinary meaning.?

A. “referenced to”

The ’521 Patent does not define “referenced to,” and describes many ways a
signal can be “referenced to” a voltage. For example, specification describes at least

the following relationships: a direct connection between a component and a voltage

3 Petitioners do not concede that the terms of the challenged claims are definite under

35 U.S.C. §112.

-12 -
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signal (e.g., 2:20-23, 5:63-65); an indirect connection between multiple voltage
signals (e.g., 2:1-14, 3:55-58); a voltage differential’s minuend value (e.g., 2:34-37);
and a driver functionality (e.g., 4:55-60). Ex.[1001]. A POSA would understand that
claim terms should be understood based on the intrinsic record, and would therefore
understand the claimed “referenced to” requirement to include these possibilities.
Ex.[1002], 947.

B. “independent of the...power supply voltage”

The claims require a current drive voltage that is independent of the positive
power supply voltage. However, a POSA would understand that for any drive current
to flow, there must a power supply voltage (e.g. with reference to Figure 2 of the
’521 Patent, with no power supply voltage VDD, no current will flow through drive

transistor M1). Ex.[1001], Fig. 2; Ex.[1002], 948.

-13 -
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100

\ AMOLED Display Panel
[.1/02 VDD 0
“““““““““ | Current Driver
108~——r ! | | - 3
+
Video.OLED

Video Source

| 32

16

FIG. 2

Ex.[1001], Fig. 2.

Instead, a POSA would understand this term to mean, consistent with the 521
Patent specification, that “noise or DC drifts in the power supply voltage...will not
disturb the current drive signal...and will not affect the brightness” of the display;
and, similarly, “[v]ariations in the power supply voltage VDD will no longer
adversely affect the” display. Ex.[1001], 6:6-7, 5:18-23, 2:63-65; Ex.[1002], 949.

VII. PRIOR ART

The °521 Patent was filed August 28, 2006, without a priority claim, and is

subject to the pre-AlA provisions of 35 U.S.C §§102/103.

-14 -
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A.  Hayafuji-Ex.[1006]
U.S. Patent Publication No. 2005/0190128 (“Hayafuji,” Ex.[1006]) was filed

February 3, 2005, and published September 1, 2005. Hayafuji is prior art under at
least 35 U.S.C §§102(a) and (e).

Hayafuji is directed to “a drive device of a light emitting display panel.”
Ex.[1006], 90047. Hayafuji explains that in conventional implementations,
“deterioration of the display quality of an image [is] caused by a ripple component
generated in a power supply circuit.” Ex.[1006], 990025-0028. Achieving the same
objective as the ’521 Patent, Hayafuji corrects for this by applying the ripple
component Vi extracted from the supply voltage Va to the gate voltage Vgate of light
emission drive transistor Tr2. The ripple component supplied via Vgae has
“approximately the same phase and the same amplitude as those of the ripple
component supplied to the source of the light emission drive transistor Tr2.”

Ex.[1006], 990053-0054, Fig. 6. Ex. [1002], §977-79.

-15 -
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Ex.[1006], Fig. 6.

B. Kim-Ex.[1007]
U.S. Patent Publication No. 2005/0140600 (“Kim,” Ex.[1007]) was filed

August 16, 2004, and published June 30, 2005. Kim is prior art under at least 35
U.S.C. §102(b).

Kim is directed to a “light emitting display including data lines for transmitting
data voltages, scan lines for selecting signals, and pixel circuits.” Ex.[1007],
Abstract. Kim explains that a problem with conventional devices is that “when a
voltage drop (IR-drop) is generated on a line for supplying the power supply voltage
Vbp, and the power supply voltage Vpp applied to a plurality of pixel circuits is not

uniform, a desired amount of current may not flow to the OLED, thereby degrading

-16 -
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image qualities.” Ex.[1007], 90012. Kim’s solution is to reference the gate voltage
(A4) of OLED drive transistor M31 to power supply voltage Vpp. By doing so, Kim
explains “a current that flows into the OLED of a pixel circuit in a light emitting

display is substantially prevented from being influenced by a power supply voltage.”

Ex.[1007], 90014, Fig. 10. Ex.[1002], ]981-85.

Dm Vsus VoD
—— —e 2 *>—
_ A M34 —=C2
Sn-1 4 ::| [usa

M32 )
. 4 1 . 4 Mal.
LJ B4 (Cst4 A I:
OLED ¥

Vss

Sn

Ex.[1007], Fig. 10.

C. Steer—-Ex.[1008]
PCT application number W0O2004034365A1 (“Steer,” Ex.[1008]) was filed

September 15, 2003, and published April 22, 2004. Steer is prior art under at least

35 U.S.C §102(b).

-17 -
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Steer is directed to “[a]n active matrix electroluminescent display device
compris[ing] an array of display pixels.” Ex.[1008], Abstract, 1:11-12. Like the *521
Patent, Steer also identifies the problem that “voltage variations along the power
supply line alter the gate-source voltage on the drive transistors, and thereby affect
the brightness of the display.” Ex.[1008], 4:15-17. Steer describes a solution shown
below in Figures 3 and 4, where the power supply (VsuppLy and line 26) is used to
generate the current drive voltage, thereby rendering current drive voltage

independent of the power supply variation. Ex.[1008], Figs. 3, 4. Ex.[1002], q987-

91.
)

I..-fﬁ 26
| ‘/—_-_"l
| — !
I , I
L]
116 T:E—22 !
| |
i I
L I

¥
B

Ex.[1008], Fig. 3.
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Ex.[1008], Fig. 4.

VIII. ASSERTED INVALIDITY GROUNDS

A. Grounds 1 and 2: Claims 1, 2, and 7 are Anticipated or Obvious in
View of Kim

1. Claim 1
Claim[1-Pre]

To the extent the preamble is limiting, Kim discloses it. Ex.[1002], 9993-106.

Active Matrix Organic Light Emitting Diode Display Panel...Comprising
a Plurality of [OLED] pixel elements

Kim discloses “a light emitting display and a driving method” for “an organic

EL (electroluminescent) display” consisting of multiple pixel circuits “for driving

-19 -
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an organic EL element (OLED)” and which can use an “active matrix” method.
Ex.[1007], 190005-0007.

Kim teaches “FIG. 3 shows an organic EL display... As shown, the organic
EL display includes an organic EL display panel 100, a scan driver 200, and a data
driver 300. The organic EL display panel 100 includes a plurality of data lines D1
through D, each extending in a column direction, a plurality of scan lines S through
Sn, each extending in a row direction, and a plurality of pixel circuits 10.” Ex.[1007],
190044-46, Fig. 3. “The data lines D¢ through Du transmit data voltages that

correspond to video signals to the pixel circuits 10.” Ex.[1007], 90017, 0045-0046.

Data driver 300
200 D1 D2 Dm

R St [ R — 7 T

1 [

I [

RN N N

: r T vh-10

\ / \ / \ l!|

s2 | ~ — ~ — -

I [

I — - — |

[ A M (Y

Scan I |\ sV \ J |
driver I I S ~100

| |

I [

I [

Sn] |

[ [

| N N -~ N |

L7 \/ \ (Y

| |\ 2

e - —

Ex.[1007], Fig. 3.

Receiving a Video Signal To Be Displayed
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A POSA would recognize, consistent with Figure 3 above, that because “data
lines Dy through Dn transmit data voltages that correspond to video signals to the
pixel circuits 10,” and also because, for example in Figure 2 (which doesn’t include
the additional video driver circuitry disclosed in Kim’s later embodiments), “data
voltage from the data line Dn is applied to the gate of the transistor Ma,” and thus,
“data voltage from the data line Dw” corresponds to the relevant portion of the
claimed video signal to be displayed on the AMOLED display panel .* To the extent
not anticipated, a POSA would find it obvious that the Kim system could receive a
video signal, and use that signal as the source for the “video signals” explicitly
discussed in Kim, as a POSA would understand this is most-logical way of using the

Kim system. Ex.[1002], 9993-104.

* Kim’s disclosure sometimes appears to use data line Dm and data voltage Vpara
interchangeably without clarifying that “data voltage Vpara” is the signal
transmitted along “data line Dw”. This is particularly apparent given that Kim’s
figures always use “Dm” and not “Vpara”, whereas Kim’s equations always use
“Vpara” and not “Dm”. A POSA would recognize, based on Kim'’s disclosure, the
“data voltage Vparta” transmitted along “data line D is the relevant portion of the

claimed video signal destined for the addressed pixel. Ex.[1002], Fn.1.
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Therefore, a POSA would recognize that Kim discloses an active matrix
organic light emitting diode (AMOLED) display system comprising an AMOLED
display panel receiving a video signal to be displayed on the AMOLED display
panel, the AMOLED display panel comprising a plurality of organic light emitting
diode (OLED) pixel elements, the AMOLED display system comprising.
Ex.[1002], q993-104.

Although the analysis below is primarily directed to Kim s “fourth exemplary
embodiment” corresponding to Figure 10, the concepts and discussions regarding
Figures 1-6A are generally pertinent to the fourth embodiment in Kim. Ex.[1002],
4105-106. Kim specifically notes that aspects of the first detailed embodiment
discussed in the context of Figure 6A are referred to and relied upon by the Figure
10 embodiment. Ex.[1007], 0105 (“In the pixel circuit of FIG. 10, transistors M31,
M32 and a capacitor Csu are connected together in substantially the same
relationship as the transistors M1, M2 and the capacitor Csu of FIG. 6A. The
capacitor Cs4 has electrodes A4 and B4 similar to the electrodes A and B of the
capacitor Csu.”). Thus, a POSA would recognize the correspondence between, for
example, transistor Ma (corresponding to transistors M1/M11/M21/M31 in later
embodiments), capacitor Cs (corresponding to capacitor C2 in later embodiments),
voltage Vgs (across transistors M1/M11/M21/M31), data line Dm, data voltage

Vpara, and PPS voltage Vpp, and would further recognize that Kim’s discussions of
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these related components are relevant to the components in other embodiments that
they correspond to. Ex.[1006], 990073, 0105; Ex.[1002], 99105-106. The
correspondence between these components, is also evident from their similar
configurations in Figures 1, 6A, and 10 reproduced below. Ex.[1006], Figs. 1, 6A,
10; Ex.[1002], 49105-106. To the extent these disclosures are found to be distinct
embodiments, it would be obvious to combine these disclosures in view of Kim'’s
teachings and suggestions, which provide motivation to use the disclosures together
in implementing variations of Kim’s teachings. Ex.[1002], §9105-106.

Dm
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— | d[ Ma
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Ex.[1007], Fig. 1.
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Ex.[1007], Fig. 6A.

As an example, A POSA would have recognized that Fig. 6A of Kim
introduces the concept of using a series capacitor Csi1/Csa to provide the video drive
signal to the gate of the drive transistor in the manner described below. A POSA
would have implemented this technique, for example, in the manner disclosed by
Fig. 10 by including capacitor C2 to allow the OLED to emit for the entire frame

period. Ex.[1002], 9106.
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Ex.[1007], Fig. 10.

Claim[1-A]

Regarding the claimed video driver, in the 521 Patent’s third embodiment

illustrated in Figure 4 (annotated) reproduced below, the video driver receives video

signal Video.DAC and a clamp signal to turn off the OLED pixel, and outputs a VDS

v(t) to drive the OLED pixel when it’s turned on. Ex.[1001], 6:45-7:51, Fig. 4. The

video driver is implemented using a video clamp circuit comprising capacitor C1

having one plate driven by video signal Video.DAC and the other plate providing
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VDS v(t). Ex.[1001], 6:50-60, Fig. 4. The video driver further comprises a clamp
transistor M3 having a source terminal connected to PPS voltage VDD and a drain
terminal connected to the capacitor C1 plate providing VDS v(t) at node 322 such
that, when activated, transistor M3 connects PPS voltage VDD with node 322,
thereby preventing any current drive voltage (VDD-v(t)=0) and any drive current

through transistor M1. Ex.[1001], 6:50-60, Fig. 4.

Clamp Positive Power Current Drive |
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30
------- (0]

Current Driver _

324
Blanking
12
t
Video Source M /vi)
7
18 322
16 \
Video Video Video Drive | Current Drive Pixel
Signal Driver Signal Voltage Element

Ex.[1001], Fig. 4 (annotated)
Kim’s fourth embodiment similarly discloses the claimed video driver,
including a video clamp circuit as in the ’521 Patent’s third embodiment.

Specifically, Kim’s fourth embodiment’s video driver includes “capacitor Csu
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[which] has electrodes A4 and B4 similar to the electrodes A and B of the capacitor
Csu [of Figure 6A],” and a “transistor M33.” Ex.[1007], 90105. Consistent with
Kim’s Figure 10 (annotated) and as discussed further below, a POSA would
understand that Kim s capacitor Csu corresponds to the *521 Patent’s capacitor C1,
that Kim s transistor M33 corresponds to transistor M3 in the 521 Patent, and, based
on the disclosed configuration and functionality of Kim’s fourth embodiment, Kim
therefore discloses the claimed video driver (circuitry in green Video Driver
annotation including Capacitor Cs4 and clamp transistor M33) in the same manner

as in the ’521 Patent’s third embodiment. Ex.[1002], 9107-109; Ex.[1007], Fig. 10.
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Ex.[1007], Fig. 10 (annotated).

Regarding receiving the video signal, as discussed in Gr.1-2,Cl1.[1-Pre], Kim

discloses that “data voltage from the data line D is applied to the gate of the

transistor Ma,” and as explained above, a POSA would recognize or find obvious

that “data voltage from the data line D" corresponds to the relevant portion of the

claimed video signal. Ex.[1007], 90009, 0062; Ex.[1002], q110.

Generating Drive Signal Indicative of Video Signal and Referenced

To Supply Voltage
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Regarding generating a video drive signal indicative of the video signal, as
shown above, Kim s Figure 10 shows video drive signal (node A4) generated by the
video driver (green box). “The voltage of the first electrode A4 of the capacitor Cs4
is given as Equation 11.” Ex.[1007], 990108-0109 (“Equation 117).

Vas=VppTAVp4
=Vpp+VpaTa—Vsus

A POSA would recognize that, as in the *521 Patent’s third embodiment in
which the claimed video drive signal is voltage v(t) 322 supplied to the gate of
transistor M1 driving the OLED 32 by the video driver 302, Kim’s fourth
embodiment similarly discloses voltage at node A4 being supplied to the gate of
transistor M31 driving the organic light emitting diode OLED by the video driver
circuitry including Capacitor Cs4 and clamp transistor M33. A POSA would thus
recognize that Kim’s “voltage of the first electrode A4 corresponds to the claimed
generated video drive signal. Ex.[1002], 99111-113.

A POSA also would recognize from Equation 11 above that Kim discloses a
video drive signal (voltage of the first electrode Va4) indicative of the video signal
(voltage Vpara) because voltage Vas explicitly depends on data voltage Vpara.
Ex.[1007], 990108-0109 (discussing relationship between nodes A4, B4 and Vpara

via operation of capacitor Csu); Ex.[1002], q4111-113.
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Regarding the video drive signal being referenced to a positive power supply
voltage, the °521 Patent’s third embodiment describes “video drive 302 is
implemented using a video clamp circuit to reference the video drive signal to the
power supply voltage VDD. In video driver 302, the video clamp circuit is
implemented using... PMOS transistor M3 [which] has a source terminal connected
to the power supply VDD voltage,” and “In this manner, the clamping voltage Vciamp
[across capacitor C1] is added to the video signal Video.DAC for the rest of the
video line and the video drive signal v(t) is now referenced to the power supply
voltage VDD.” Ex.[1001], 6:48-7:8.

Consistent with Kim’s Figure 10 (annotated) and the discussion above, a
POSA would recognize that Kim’s fourth embodiment is similarly configured with
voltage of the first electrode Va4 being “referenced to” PPS voltage Vpp: “When...
the transistors M33 and M34 are turned on, the power supply voltage Vop is applied
to the first electrode A4 of the capacitor Cs.” Ex.[1007], Fig. 10 (annotated), §0107.
This 1s also evident from Equation 11 above, in which voltage Va4 is explicitly a
function of power supply voltage Vpp. Ex.[1007], §0109; Ex.[1002], qq114-117.

Therefore, consistent with Figure 10 (annotated) below, a POSA would
recognize that Kim discloses a video driver (circuitry in green Video Driver
annotation including Capacitor Csu and clamp transistor M33) receiving the video

signal (voltage Vpata) and generating a video drive signal (voltage of the first
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electrode Vaq4) indicative of the video signal (voltage Voara) and referenced’ to a

positive power supply voltage (PPS voltage Vop) of the AMOLED display panel.

Ex.[1007], Fig. 10; Ex.[1002], 99107-117.
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Ex.[1007], Fig. 10 (annotated).

Claim[1-B]

Current Driver Coupled to the OLED Pixel Element Receiving the
Video Drive Signal and the Positive Power Supply

> See supra, §VI.
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Regarding the current driver coupled to at least one OLED pixel element,
the current driver receiving the video drive signal and the positive power supply
voltage, as shown above, Kim has a current driver (e.g. M31) receiving the video
drive signal generated at node A4, and the driver is coupled to a pixel element
(OLED) and power supply (Vopp). In this context, Kim explains for Figure 10,
“Therefore, the power supply voltage Vpp and the voltage of the first electrode A4
of the capacitor Cq4 are applied to both electrodes of the capacitor C2, and the
capacitor C2 is charged,” creating a current drive voltage. Ex.[1007], 40110.

As discussed in Gr.1-2,CL[1-Pre], Kim also shows a circuit in Figure 6A
which it explains has components connected in “substantially the same relationship
as” shown in Figure 10, although without line Sn-1 present. Ex.[1007], 40105, Fig.

6A.
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Ex.[1007], Fig. 6A.

Kim discloses that in Figure 6A, “transistor M1 is a driving transistor for
controlling the current that flows to the OLED, and it has a source coupled to the
power supply voltage Vpp, and a drain coupled to an anode of the OLED. A cathode
of the OLED is coupled to a reference voltage Vss and emits light that corresponds
to the current applied from the transistor M1” where Vss may be ground. Ex.[1007],
10052.

Thus, a POSA would recognize that Kim discloses a current driver (circuitry
in blue Current Driver annotation including transistor M31/M1) coupled to at least

one OLED pixel element (organic light emitting diode OLED), the current driver
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receiving the video drive signal (voltage of the first electrode Va4 or node A) and
the positive power supply voltage (Vpp). Ex.[1002], 49118-125.

Providing a Drive Current to the OLED Pixel Element

Regarding providing a drive current to the at least one OLED pixel element,
Kim explains “the voltage charged in the capacitor C2 is given as Equation 12, and
the corresponding current flows to the OLED.” Ex.[1007], 490111.

Vc=Vop—~(Vop+Vpata—Vsus)=Vpara—Vsus®

Ex.[1007], 0112 (“Equation 12”).

“The current flowing to the OLED is given as Equation 13,” which Kim labels
as “Iorep,” which is discussed further in Gr.1-2,C1.[1-C] below. Ex.[1007], 40113.
Similarly in Figure 6A, Kim identifies the drive current as “lorep,” which is “the
current flows to the OLED through the transistor M1,” and is based on “Vgs1 [which]
is [the] voltage between the gate and the source of the transistor M1.” Ex.[1007],
190069-0070. A POSA would therefore recognize that Kim discloses providing a
drive current (transistor current loLep) o the at least one OLED pixel element.

Ex.[1002], 99126-130.

6 Petitioner notes that although Equation 12 should properly result in Vc2=Vsus—
Vparta instead of Vc2=Vpara—Vsus, this error in Kim does not affect the mapping to

the *521 claims as set forth in the analysis in Grounds 1 and 2.
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Ex.[1007], Fig. 10 (annotated).

The Drive Current being Proportional to a Current Drive Voltage

Regarding the claimed drive current being proportional to a current drive
voltage, Kim explains for Figure 10, “the voltage charged in the capacitor C2 is given

as Equation 12, and the corresponding current flows to the OLED.” Ex.[1007],

90111-0112 (“Equation 127).
Vc2=Vop—~(Vop+VpATA—VSUS)

-35-



Petition for Inter Partes Review
U.S. Patent No. 7,259,521

=Vpara—Vsus
“The current flowing to the OLED is given as Equation 13.” Ex.[1007], 40113
(“Equation 13”).
ToLep=P/2(Ves31—V1h31)?
=B/2((Vpara—Vsus)-Vrn31)?

In the *521 Patent, the claimed current drive voltage is Video.OLED, which
is the voltage across the gate and terminal of transistor M1 that drives OLED 32. As
illustrated in Kim’s Figure 10 (annotated), the voltage across the gate and source
(Vgs) of transistor M31 that drives organic light emitting diode OLED is also the
same voltage across capacitor C2 (i.e., Vc2=Vas31). Thus, the voltage across
capacitor C2 (Vc2=Vgs31) corresponds to the claimed current drive voltage.
Ex.[1002], q9131-138.

A POSA would therefore recognize that Kim’s voltage across the gate and
source (Vgs) of the transistor M31 corresponds to the claimed current drive voltage,
and that Kim’s current loLep corresponds to the claimed drive current. Ex.[1002],
19131-138. A POSA would also recognize that because Kim'’s transistor M31 and
the ’521 Patent’s transistor M1 are both P-channel MOSFETs, they would both
operate in the same manner based on the well-known principles and functionalities
of P-Channel MOSFETs. Ex.[1002], 9131-138. Therefore, in the context of the

’521 Patent’s drive current being “proportional” to the current drive voltage, because
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the P-channel MOSFETs would operate in the same manner, a POSA would
understand that Kim’s current IoLep is also “proportional” to the gate and source
(Vgs), in the same manner as it is “proportional” in the *521 Patent.” Ex.[1002],
4131-138. Thus, a POSA would recognize that Kim discloses the drive current
(drain current la) being proportional to a current drive voltage (gate-to-source
voltage V).

The Current Drive Voltage being Indicative of the Video Signal

Regarding the claimed current drive voltage being indicative of the video
signal, as discussed for Gr.1-2,Cl.[1-A], Kim discloses the video drive signal
(voltage of the first electrode Va4) being indicative of the video signal (voltage
Vparta). Ex.[1002], 99139-140. A POSA would also understand that since voltage
Vasa1 is calculated based on voltage Va4, because voltage Vag is “indicative” of
voltage Vpara, voltage Vgs31 must also be “indicative” of voltage Vpara. This is
also evident from Equation 12 above, in which the result of Va4 in Equation 11 is

directly substituted into Equation 12.

7 A POSA would thus understand “proportional” as having its plain and ordinary
meaning in the context of the ’521 Patent based on the operation of a typical P-

channel MOSFET disclosed therein. Ex.[1002], 99137.
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Thus, a POSA would recognize that Kim discloses the current drive voltage
(voltage Vc2 (=voltage Vgs31)) being indicative of the video signal (Vpara).
Ex.[1002], 99139-140.

Independent of the Positive Power Supply Voltage

Regarding the claimed independent of the positive power supply voltage, Kim
discloses “a current that flows to the OLED of a pixel circuit in a light emitting
display is substantially prevented from being influenced by a power supply voltage.
Further, a current that flows to the OLED of a pixel circuit in a light emitting display
may be substantially prevented from being influenced by deviations of a threshold
voltage of a driving transistor.” Ex.[1007], 990014-0015.

As discussed above, Kim explains for Figure 10, “The current flowing to the
OLED is given as Equation 13.” Ex.[1007], 40113(*“Equation 13”).

ToLep=P/2(Vess1i—Vrn31)?
=B/2((Voara—Vsus)-Vrus1)?
“As can be seen from Equation 13, the current flowing to the OLED is

substantially not influenced by the power supply voltage Vpp.” Ex.[1007], q0114.

A POSA would recognize that this is true because none of the parameters in this
resulting equation are dependent on Vpp (B “is a constant,” Vrua1 “is a threshold

voltage at the transistor,” Vpara is “a data voltage from the data line Dm,” and Vus
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is “a compensation voltage... differing from the power supply voltage Vpp”).
Ex.[1007], 990009-0011, 0071; Ex.[1002], 44141-147.
A POSA would understand that because Kim’s drive current is “not

influenced” by the PPS voltage Voo, it is therefore “independent of the PPS

voltage Vpp. Ex.[1002], 99141-147.

Therefore, as also consistent with Figure 10 (annotated) below, a POSA would
recognize that Kim further discloses the drive current (loLep) being... independent
of the positive power supply voltage (PPS voltage Vpp). Ex.[1007], Fig. 10;

Ex.[1002], 9141-147.
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Ex.[1007], Fig. 10 (annotated).

2. Claim 2

Video Drive Signal is Indicative of the Sum...Between The Positive Power

Supply Voltage and the Video Signal

Equation 11 below shows that voltage Va4 is explicitly a function of the sum

of PPS voltage Vop and voltage Vpara. Ex.[1002], 49148-154; Ex.[1007], 0109

(“Equation 117).
Vas=VppTAVp4

=VbpptVDpATA— Visus
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Thus, consistent with Figure 10 (annotated) below, a POSA would recognize
that Kim discloses the video drive signal (voltage of the first electrode Va4) is
indicative of the sum of (Vas=Vpp+Vpara—Vsus) the positive power supply voltage
(PPS voltage Vop) and the video signal (Vpara). Ex.[1007], Fig. 10 (annotated);
Ex.[1002], q9148-154.

Current drive voltage...indicative of the difference between the positive
power supply voltage and the video drive signal

Regarding the claimed current drive voltage being indicative of the
difference between the positive power supply voltage (drive voltage V.) and the
video drive signal, a POSA would recognize that voltage V2 is equivalent to the
gate-source voltage Vgs31, which is the difference between power supply voltage
Voo and voltage of the first electrode V4. Ex.[1002], 99148-154; see also Ex.[1007],
10110 (*“the power supply voltage Vpp and the voltage of the first electrode A4 of
the capacitor Cyy4 are applied to both electrodes of the capacitor C2”).

This is also evident from Kim’s Equation 12, which is simply the result of
substituting Equation 11 for the voltage of the first electrode Va4. Ex.[1002], q9148-
154; Ex.[1007], 990111, 0112 (“Equation 127).

Vc2=Vop—~(Vop+VpATA—Visus)

=VDpATA— Vsus
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Reversing said substitution results in the following equation. Ex.[1002],
19148-154.
Vc2=Vop—Va4
Therefore, as also consistent with Figure 10 (annotated) below, a POSA would
recognize that Kim further discloses the current drive voltage (voltage Vca (=voltage
Vas31)) is indicative of the difference between the positive power supply voltage
(PPS voltage Vpp) and the video drive signal (voltage of the first electrode Vaa4).

Ex.[1007], Fig. 10; Ex.[1002], 9148-154.
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Ex.[1007], Fig. 10 (annotated).

3. Claim 7

Video Driver includes a Video Clamp Circuit for Providing the Video Drive
Signal being the Sum of the Positive Power Supply Voltage and the Video

Signal
Claim 7 corresponds to the 521 Patent’s third embodiment shown in Figure

4 (annotated) below. Ex.[1001], 6:45-8:2, Fig. 4.
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Ex.[1001], Fig. 4 (annotated).

Kim discloses in Figure 10 (annotated) below, transistor M33 is (similar to
transistor M3 in the ’521 Patent) coupled between power supply voltage Vpp and

the gate of OLED drive transistor M31 (M1 in the ’521 Patent). Ex.[1007], Fig. 10.
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Ex.[1007], Fig. 10 (annotated).

Kim explains for Figure 10, “[when] the transistors M33 and M34 are turned

on, the power supply voltage Vpp is applied to the first electrode A4 of the capacitor

Csa. Ex.[1007], 90107. A POSA would understand that clamp circuits serve to

ensure that “voltage drifts in the power supply voltage [] are removed from the

current drive signal,” which is Kim’s transistor M33’s purpose. Ex.[1001], 7:48-50;

Ex.[1002], 99155-160. Thus, a POSA would recognize Kim’s circuitry including
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transistor M33 is a video clamp circuit. Ex.[1002], 9155-160; Ex.[1007], Fig. 10
(annotated).

Therefore, consistent with Figure 10 (annotated) above, a POSA would
recognize that Kim discloses the video driver comprises a video clamp circuit
(circuitry including clamp transistor M33) for providing the video drive signal
being the sum of the positive power supply voltage and the video signal. Ex.[1002],
19155-160.

B. Ground 3: Claims 1 and 2 are Anticipated by Hayafuji

Figure 2 of the ’521 Patent illustrating the first embodiment is provided for

reference in this invalidity analysis.
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Ex.[1001], Fig. 2 (annotated).
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1. Claim 1
Claim[1-Pre]

To the extent the preamble is limiting, Hayafuji discloses it. Ex.[1002], 99162-
172.

Active Matrix Organic Light Emitting Diode Display Panel...Comprising
a Plurality of [OLED] pixel elements

Hayafuji discloses “a display panel constructed by arranging light emitting
elements in a matrix pattern,” including “an organic EL (electroluminescent)
element in which an organic material is employed in a light emitting layer.”
Ex.[1006], 90004. The “organic EL elements are employed as light emitting
elements” and “constitute[e] pixels.” The organic emitting elements (E1) are
depicted in both Figures 2 and 6 of Hayafuji (which show similar drive circuits with
identical reference labels) using a circuit symbol that a POSA would understand is
a diode emitting light. Ex.[1006], 990002, 0006, 0010, 0029-0030, 0047; Ex.[1002],
19162-172. Thus, a POSA would understand that Hayafuji’s organic EL elements

are OLEDs. Ex.[1002], 99162-172.
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Ex.[1006], Figs. 2, 6.

Receiving a Video Signal To Be Displayed

In each of the ’521 Patent’s embodiments (e.g., as illustrated in Figure 2
(annotated) reproduced below), a video source provides, for a single pixel, a video
signal Video.DAC to the video driver. A POSA would have recognized that the
acronym DAC in the “Video.DAC” signal is a digital-to-analog converted (DAC)
signal.

Hayafuji describes techniques useful in a display panel as shown in Figure 1
(which Hayafuji states depicts an “equivalent circuit diagram of a pixel structure”

shown in Figure 2 (above)). Ex.[1006], 990031-0032, Fig. 1; Ex.[1002], 99162-172.
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Ex.[1006], Fig. 1.

DATA DRIVER

As illustrated in Figure 1, Hayafuji discloses an “input video signal” (bottom
of Figure 1) is provided to “light emission control circuit 4 [which] converts [the]
input video signal to corresponding pixel data for each one pixel.” Ex.[1006], §0013.
“During the address period... the serial pixel data... [is] sequentially supplied to a
shift register and data latch circuit,” which in turn outputs, “data voltage Vaata
corresponding to the pixel data [which] is respectively supplied [via data line B1] to
the source of the scan selection transistor Tr1,” which connects to the gate of “light
emission drive transistor Tr2.” More succinctly, Hayafuji explains that “data voltage

Vaata [] corresponds to a write data from the data line B1” and *“data voltage Vqata
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transmitted via the above-mentioned data line B1 is equivalently output from a D/A
converter.” Ex.[1006], 190009, 0051, Fig. 1; Ex.[1002], 49162-172.

Thus, despite the use of the term “video signal” in Hayafuji Figure 1, a POSA
would understand that the analog signal (Vdata) output from the D/A converter in
Hayafuji corresponds to the *521 Patent’s claimed video signal (Video.DAC) that is
similarly output by the digital-to-analog converter at video source 12. Ex.[1002],
19162-172; see also Ex.[1001], 1:61-65 (“In most systems, the video signals are
digital in nature and the signal processing step of video source 12 is to convert the
digital video signals to analog signals, thereby generating the analog signal
Video.DAC on an output bus 18.”). The corresponding video signals (i.e.,

“Video.DAC” and “Vgata”) are illustrated in the annotated figures below.

AMOLED Dispiay Panel
20

Current Driver

——————————

Ex.[1001], Fig. 2 (annotated).
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Ex.[1006], Figs. 1, 6, 7 (annotated).

Claim[1-A]

Video Driver Receiving The Video Signal

As illustrated below in Figures 1 and 6 (annotated), Hayafuji discloses a video
driver (including extraction circuit 14 and voltage addition circuit 15 in green
annotation below) receiving the video signal (video signal is received and processed
into data voltage Vgata on line B1 corresponding to the portion of the video signal
destined for a target pixel) and generating a video drive signal (gate voltage Vgate)

indicative of the video signal (e.g., indicative of data voltage Vaata) and referenced
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to a positive power supply voltage (drive voltage Va, as explained below) of the
AMOLED display panel® Ex.[1006], Fig. 6; Ex.[1002], 9173-182; see also

Gr.4,CL[3] (further supporting this analysis in the context of Fig. 10).

Video Current | | Positive Power
Driver Driver || Supply Voltage
v
Va
A
y
RIPPLE COMPONENT J
EXTRACTION CIRCUIT 14
Cs =—— Vgs
Vri
VOLTAGE
aoprrzon Jlo gate —0 ——‘ﬂ: Tr2
o | CIRCUIT s ' 1
E1

Vdata] 15 14

V Kk

Video Video Drive || Current Drive || Drive Pixel
Signal Signal Voltage Current || Element

Ex.[1006], Fig. 6 (annotated).

8 Empbhasis supplied throughout, unless noted.
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Ex.[1006], Fig. 1.
Supply Voltage
Hayafui explains, with refence to Figure 1 (below), that DC-DC converter
power supply 8 generates “drive voltage Va” supplied to “pixels 2 arranged in the
display panel 1 via power lines P1”. Ex.[1006], §90017-0018, 0021. Because Va is
depicted as the voltage output by the power supply and present on power line P1, a
POSA would understand that V, represents the positive power supply voltage.

Ex.[1006], Fig. 1; Ex.[1002], §9173-182.
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Ex.[1006], Fig. 1.

Generating Drive Signal Indicative of Video Signal and Referenced
To Supply Voltage

Hayafuji generates a drive signal (Vgate) meeting this requirement. Hayafuji’s
technique includes “ripple component supply means for supplying a ripple
component having approximately the same phase and amplitude as those of a ripple
component” supplied to the light emission drive transistor.” Ex.[1006], 0029. In
particular, “ ripple component extraction circuit 14 extracts a ripple component [ V]
included in a drive voltage V. generated by the above-described DC-DC converter,
and a ripple component V,; extracted by this ripple component extraction circuit 14
is supplied to one input terminal of the voltage addition circuit 15. The data voltage

Vaata transmitted via the above-mentioned data line B1 is input to the other input
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terminal of the voltage addition circuit 15.” Ex.[1006], 90048. As explained
previously, a POSA would recognize that “data voltage Vgata transmitted via the
above-mentioned data line B1” corresponds to the relevant portion of the claimed

video signal destined for the pixel depicted in Figures 1, 2, and/or 6. Ex.[1002],

€9173-182.
Video Current || Positive Power
Driver Driver || Supply Voltage
¥
Va
A
y
RIPPLE COMPONENT J
EXTRACTION CIRCUIT |e §~—— 14

Cs =—— Vgs
Vri f-
VOLTAGE \Vgate /t‘ﬁ I:

ADDITION Tr2
o] CIRCUIT s ' 1
\,\ E1
= A A7
Vdata) 15 14) \/
[ !
V k
Video Video Drive | | Current Drive Drive Pixel
Signal Signal Voltage Current || Element

Ex.[1006], Fig. 6 (annotated).
Hayafuji explains “in the voltage addition circuit 15, treating the data voltage
Vaaa as a base, the ripple component V. extracted by the ripple component
extraction circuit 14 is added to the base. The output thereof as Vgate... 1s supplied

to the gate of a light emission drive transistor Tr2.” Ex.[1006], 0049. Thus, because
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the output of circuit 15 (Vgate) is the sum of (1) the relevant portion of the video
signal and (2) the ripple component of the supply voltage, Vgate 1s both indicative of
the video signal and referenced to the supply voltage. Ex.[1002], q9173-182.

Claim[1-B]

Current Driver Coupled to the OLED Pixel Element Receiving the
Video Drive Signal and the Positive Power Supply and Providing a
Drive Current to the OLED Pixel Element

As illustrated in Figure 6 (annotated) below, Hayafuji discloses a current
driver (circuitry including light emission drive transistor Tr2 (see light blue
annotation in Figure 6 below)) coupled to at least one OLED pixel element (organic
EL element E1), the current driver receiving the video drive signal (gate voltage
Vaate) and the positive power supply voltage (drive voltage Va.) and providing a
drive current (drain current lq) to the at least one OLED pixel element. Ex.[1006],

Fig. 6; Ex.[1002], 7183-189.
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Ex.[1006], Fig. 6 (annotated).

Hayafuji’s text comports with Figure 6. In particular, it discusses a “light
emission drive transistor Tr2” connected to the anode terminal of “organic EL
element E1.” Ex.[1006], 90008. “The source of the light emission drive transistor
Tr2... receives supply of a drive power source Va.” Ex.[1006], J0008. Moreover,
“the gate voltage Vgate based on the video signal is supplied to the gate of the drive
transistor Tr2.” Ex.[1006], 490024, 0049. The text also discusses the “drain current
Ia which drives and allows the organic EL element E1 to emit light” and notes that
the current is determined by the (gate-to-source voltage=Vgs of the transistor Tr2)

between the drive voltage Va supplied via the power line P1 and the gate voltage of
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the drive transistor Tr2.”” Ex.[1006], 0021. The drive current Iq is discussed further
below.

Claim[1-C]

Current Drive Voltage being Indicative of the Video Signal

As explained above in Gr.3,CL[1-B], Hayafuji’s drain current laq is
determined by the gate-to-source voltage Vs of the transistor Tr2. Ex.[1006], §0021.
Vs therefore corresponds to the claimed “current drive voltage.” Ex.[1002], 44190-
201.

As shown in Figure 6, gate-to-source voltage Vs 1s the difference between
supply voltage Va and gate voltage Vgate (“gate” being the “g” in “Vg). Hayafuji
explains that “the gate voltage Vgate [is] based on the video signal.” Ex.[1006],
190024, 0049. In particular, as previously explained in Gr.3,CI.[1-B], Vgate is the
sum of the relevant portion of the video signal (Vaata) and the ripple component of

the power supply voltage. Ex.[1006], 90049. Thus, Hayafuji’s current drive voltage

® Hayafuji calls this an “error” signal, which a POSA would understand means the
“difference” between drive voltage V. and the gate voltage of drive transistor Tr2.
This 1s apparent from the context, as well as the use of “error” in mathematics to

refer to a difference between measurements. Ex. [1002], q9187-188.
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Vs is indicative of the video signal (Vaata) and is supplied to transistor Tr2 to create

a corresponding drive current. Ex.[1006], Fig. 6; Ex.[1002], 99190-201.
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Ex.[1006], Fig. 6 (annotated).
Current Drive Voltage...Independent of the...Power Supply Voltage
As explained above, this limitation means that the drive voltage is
independent of variations in the power supply voltage, so that such noise or DC drifts
do not propagate to the LED drive current. See §VI. Hayafuji achieves this. Hayafuji
discloses a “drive device and a drive method of a light emitting display panel in

which deterioration of the display quality of an image caused by a ripple
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component generated in a power supply circuit... can be effectively reduced.”
Ex.[1006], 90028.
In particular, Hayafuji explains that power supply voltage V. may have a

variable “ripple” component, shown as a dotted line envelope in Figure 8A.

Ex.[1006], Fig. 8A, 90052-0055.

VOLTAGE

..-..
»
»
<
-

-
.....

- -~
‘‘‘‘‘‘‘‘

Ex.[1006], Fig. 8A.

Thus, a POSA would understand V., is composed of DC power VactVii.
Ex.[1002], 49190-201. The impact of Hayafui’s voltage addition circuit therefore is
to generate output voltage Vgate=VdatatVri. The resulting current drive voltage is
therefore: Vgs=VactVii—Vdata—Vri, which simplifies to Vgs=Vac—Vqata, removing the

variations (Vi) in power supply voltage from the current drive voltage. Ex.[1002],
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19190-201; Ex.[1006], 190053-0054. Thus, Hayafuji’s current drive voltage
satisfies this limitation. Ex.[1002], 99190-201.

Drive Current being Proportional to a Current Drive Voltage

Hayafuji discloses a driver voltage across the terminals of “a P-channel type
light emission drive transistor Tr2,” resulting in “current Iq which drives and allows
the organic EL element E1 to emit light...”. Ex.[1006], 940007, 0021. Hayafui
explains the current is “determined by the error (gate-to-source voltage=Vgs of the
transistor Tr2) between the drive voltage Va supplied via the power line P1 and the
gate voltage of the drive transistor Tr2.” Id. Because the drive current is “determined
by’ the current drive voltage (gate to source voltage V), that current is proportional
to the current drive voltage. Ex.[1002], 9190-201.

Moreover, Hayafuji’s drive transistor Tr2 and the ’521 Patent’s transistor M 1
are both P-channel MOSFETs, are would both operate in the same manner based on
the well-known principles of P-Channel MOSFETs. Ex.[1001], 2:31-36, Ex.[1002],
19190-201. Therefore, to the same extent that the’521 Patent’s drive current is
“proportional” to the current drive voltage across M1, Hayafuji’s drain current Iq is
also through P-channel MOSFET Tr2 would similarly be “proportional” to

Hayafuji’s gate-to-source voltage V' Ex.[1002], 19190-201.

10 See supra, Fn.7 regarding “proportional.”
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2. Claim 2

Video Drive Signal is Indicative of the Sum...Between The Positive Power
Supply Voltage and the Video Signal

Hayafuji discloses the video drive signal (gate voltage Vgate) 1s indicative of
“the sum ...between the positive power supply voltage [drive voltage V.| and the
video signal [data voltage Vaaua]|”. Ex.[1006], Fig. 8 (annotated); Ex.[1002], 49202-
209.

In particular, Hayafuji discloses “The ripple component extraction circuit 14
extracts a ripple component [labelled Vi in the Figures] included in a drive voltage
V. generated by the above-described DC-DC converter, and a ripple component Vi
extracted by this ripple component extraction circuit 14 is supplied to one input
terminal of the voltage addition circuit 15. The data voltage Vaata transmitted via the
above-mentioned data line B1 is input to the other input terminal of the voltage
addition circuit 15.” Ex.[1006], 90048.

Hayafuji continues “Accordingly, in the voltage addition circuit 15, treating
the data voltage Vaata as a base, the ripple component V., extracted by the ripple
component extraction circuit 14 is added to the base. The output thereof as Vgate. ..
is supplied to the gate of a light emission drive transistor Tr2.” Ex.[1006], §0049.

Thus, a POSA would recognize that Hayafuji teaches: (1) that the drive

voltage Va is the sum of a constant DC output voltage component (herein “Vagc

-61 -



Petition for Inter Partes Review
U.S. Patent No. 7,259,521

(constant)”) of the drive voltage Va and the extracted ripple component Vii; (2) that
the gate voltage Vgate 1s the sum of the data voltage Vaata and the extracted ripple
component Vyi; and consequently, (3) that the gate voltage Vgate is indicative of the
sum of or the difference between the drive voltage V. and the data voltage V gata:

(1) Va=VyctVii

(2) Vgate=Vadatat Vri

(3) Vgate=VdatatVa—Vac (constant)

Ex.[1002], 19202-209.

(A)
) Positive Power
2 Va <
] Supply Voltage
>
vri Variance/Noise
e j ..... e == Vdata Video Signal
» TIME
(B) @
Current Drive Voltage
g —_1)- Positive Power
g Supply Voltage
>
Video Drive
Vgate :
Signal
—» TIME
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Ex.[1006], Fig. 8 (annotated).
As equation (3) above shows, the drive voltage contains a DC voltage offset,
but varies directly with the term (VaatatVa) and is therefore “indicative” of that
term, as the claim recites. Ex.[1002], 49202-209.

Current Drive Voltage... Indicative of the Difference between the Positive
Power Supply Voltage and the Video Drive Signal,

As discussed in Gr.3, C1.[1-C], a POSA would recognize that Hayafuji teaches
that the current drive voltage (gate-to-source voltage=Vy;) is the difference between
the power supply (drive voltage Va (corresponding to the *521 Patent’s VDD)) and
the video drive signal (gate voltage Vgt (corresponding to the *521 Patent’s gate
voltage v(t)):

(4) Vgs=Va—Vgate

Ex.[1002], 9202-209.
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Ex.[1006], Fig. 6 (annotated).

C. Ground 4: Claims 1-3 and 5 are Obvious in View of Hayafuji and
the knowledge of a POSA

1. Claims 1-3

Video Drive Signal being the Difference between the Positive Power Supply
Voltage and the Video Drive Signal

Claim 3 corresponds to the 521 Patent’s first embodiment shown in Figure 2:
“video driver 102 is implemented using a differential instrumentation amplifier
circuit to re-reference the video drive signal v(t) to the positive power supply voltage

VDD.” See Ex.[1001], 4:7-37, 4:53-65, Fig. 2; Ex.[1002], 7210.

-64 -



Petition for Inter Partes Review
U.S. Patent No. 7,259,521

Positive Power | | Current Drive |
Supply Voltage Driver | | Current
'00\ l AMOLED|Display Panel
30
Current Driver
Differential
Operational <
Amplifier
12
. Video.DAC
Video Source ) ——=—
18
16 Video Video || Video Drive || Current Drive Pixel
Signal Driver Signal Voltage Element

Ex.[1001], Fig. 2 (annotated).
As discussed above, Hayafuji discloses the elements of Claims 1 and 2.
Ex.[1006], Figs. 6, 8; Ex.[1002], 99211-212. As discussed below, the elements of
Claims 1 and 2 are also satisfied by the following modification. Ex.[1002], 49213-

234.
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Ex.[1006], Fig. 6 (annotated).
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Ex.[1006], Fig. 8 (annotated).
Hayafuji provides, in the Figure 7 exemplary implementation, details of

“circuits employed in the structure shown in Fig. 6” that generate the Vgate signal.

Ex.[1006], 990037, 0050-0051, Fig. 7.
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FIG.7

Vegate

i
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OP4

Ex.[1006], Fig. 7.

A POSA also would find it obvious to modify the system disclosed in Hayafuji
such that video drive signal (gate voltage Vgate) 1s configured such that video drive
signal (gate voltage Vgate) is output as the difference between the positive power
supply voltage (drive voltage Va.) and the video signal (data voltage Vaata).
Ex.[1002], 99213-234. Specifically, a POSA would modify the Figure 7
configuration by connecting the positive power supply voltage (drive voltage V,) to
the inverting input of operational amplifier OP3 rather than the non-inverting input.
Ex.[1002], 99213-234. This would be an obvious design choice and would simplify

material needs and cost because as modified, the capacitor of the high pass filter of
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the disclosed ripple component extraction circuit 14 would be unnecessary.
Ex.[1002], 49213-234.
This modification is illustrated in Figures 6-7 (combined/modified) below.

Ex.[1006], Figs. 6, 7. Ex.[1002], 19213-234.

R2

’ o Cs == Vgs
a AA
A N DT Veats /|
. o1 > o= 0—4——-:{ Tr2
f R1 0P3 \\ S¥1
oP4

- D/A = b E1

1
3

Vk

Ex.[1006], Figs. 6, 7 (combined, modified).

As modified, drive voltage Va (and accompanying voltage dividing resistors)
are coupled to the negative terminal such that the output of the operational amplifier
OP3 would be the desired result of a control signal based on the data voltage Vaata
entering via R1, referenced against the drive voltage Va. Ex.[1002], 9213-234.

As noted, a POSA would be motivated to make this modification at least

because it is a simpler design that eliminates the need for and the cost to include the
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additional ripple component extraction circuit 14 module. Ex.[1002], 44213-234. A
POSA would also be motivated to make this modification because it was well-known
that in conventional differential instrumentation amplifier circuits, the positive input
terminal is the reference voltage (often ground) to which the negative terminal
voltage is compared. Ex.[1002], 99213-234. A POSA would further be motivated to
make this obvious modification because it is merely a trivial design change that
would also accomplish the stated purpose of Hayafuji: “it is an object of the present
invention to provide a drive device and a drive method of a light emitting display
panel in which deterioration of the display quality of an image caused by a ripple
component generated in a power supply circuit.” Ex.[1006], 90028; Ex.[1002],
9213-234. Moreover, a POSA would have been motivated to make this
modification because it would provide improved immunity to power source noise.
In particular, the filter-design approach in Figure 6 of Hayafuji can only eliminate
power supply noise in a range of frequencies determined by the frequency response
of Hayafuji’s filter. The modified design removes this limitation and would allow
rejection of other power supply noise, such as drift. Ex.[1002], 9 224-226.

Further, a POSA would have had a reasonable expectation of success when
making this modification because implementing a differential amplifier circuit in
this manner is a well-known and fundamental op amp configuration. Ex.[1002],

9213-234; see also, Ex. [1010], pg. 181.
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Differential Instrumentation Amplifier Circuit

A POSA would also recognize (especially in this configuration) that the
operational amplifier OP3 as disclosed in Hayafuji corresponds to the claimed
differential instrumentation amplifier circuit. Ex.[1002], 99213-234; Ex.[1001],
4:34-41. Ex.[1002], 99213-234. Therefore, consistent with the above discussion, in
the modified/annotated circuit below, the video driver (circuitry in green Video
Driver annotation below) comprises a differential instrumentation amplifier circuit
(operational amplifier OP3) for providing the video drive signal (gate voltage V gate,
prior to any amplification by OP4) being the difference between the positive power
supply voltage (drive voltage Va) and the video signal video signal (data voltage

Vaaa). Ex.[1006], Figs. 6, 7. Ex.[1002], §9213-234.

Video Current Drive Positive Power
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R4 |
Ir2 W Cs —[ Vs
va Ll
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Ex.[1006], Figs. 6, 7 (combined, modified, annotated).

Moreover, the elements of Claim 1 would still be met by the modified circuit.
As discussed in greater detail in Ex.[1002], Gr.4,Cl.[3], a POSA would recognize
that this modification to Hayafuji’s circuitry merely changes op amp OP3 from a
summing amplifier with a frequency filter to a differential amplifier. The video drive
signal Vgate as modified would be the difference between positive power supply Va
and video signal Vdata, (Vgate = Va -Vdata) and therefore, Vgate is still “referenced to”
the Positive Power Supply Va, remains indicative of the relevant portion of the video
signal, and independence of any variation in the power supply voltage is maintained
because the drive voltage is equal to the data voltage, without dependence on the
power supply voltage (i.e. Vg= Vaaa) Ex.[1002], 49213-234. Accordingly, the
modified circuit still satisfies the claim limitations of Claims 1 and 2 of the ’521
Patent as well as Claim 3. Id. A POSA would further recognize that, because the
portion of Hayafuji corresponding to the current driver remains unchanged, that the
drive current Iq is still proportional to the video drive signal Vgate. Ex.[1002], q9213-
234.

2. Claim 5

Video Driver Comprising a Current Mode Isolator Circuit
In the ’521 Patent, Claim 5 corresponds to the 521 Patent’s second

embodiment: “FIG. 3 is a schematic diagram of a video driver for an AMOLED
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display system according to a second embodiment of the present invention.... In the
present embodiment, video driver 202 is implemented as a current mode isolator

circuit.” Ex.[1001], 5:38-47, Fig. 3 (annotated); Ex.[1002], 4235.
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Ex.[1001], Fig. 3 (annotated).
As discussed above, Hayafuji discloses the elements of Claims 1 and 2.
Ex.[1006], Figs. 6, 8; Ex.[1002], 9236. Additionally, as explained with respect to
Figure 3, a POSA would have been motivated to modify the Hayafuji circuit as

shown below. Ex.[1006], Figs. 6, 7; Ex.[1002], 4236; see Gr.3,Cls.[1-C],[2]
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Ex.[1006], Figs. 6, 7 (combined, modified, annotated).

For the reasons discussed below, a POSA would also recognize that Hayafuji
discloses the video driver comprising a current mode isolator circuit.

Hayafuji’s Figure 9 shows “a current mirror drive method” including p-
channel transistor Tr2 and “mirror operation transistor Tr4” arranged symmetrically
with common gate connection, and a charge-holding capacitor Cs is connected
between the sources and the gates thereof. “The drive voltage V. is supplied to the

sources of the [sic] both transistors Tr2, Tr4.” Ex.[1006], 0056, Fig. 9.
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Ex.[1006], Fig. 9.

Hayafuji explains that operation of “scan selection transistor Tr1” causes
transistors Tr2, Tr4 to “function as a current mirror circuit”. Ex.[1006], 90057.
Thus, a path between “write current source 21” is created via transistors Tr4, TrS
allowing current corresponding to current IW1 flowing in the power source 21 to be
supplied to the EL LED element E1. Ex.[1006], 90058. In particular, a
predetermined current (=IW1) creates an electrical charge accumulation in capacitor
Cs, which results in drive current through the EL LED element E1. Ex.[1006],
910058, Ex.[1002], 99237-261.

Details of write current source 21 in Figure 9 above are shown surrounded by

dotted lines in Hayafuji’s Figure 10. Ex.[1006], 40059, Fig. 10.
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Ex.[1006], Fig. 10.

Hayafuji explains that “write current source 21 operates such that the current
value of the ripple component changes every moment by the ripple component
included in the drive voltage Va..” Ex.[1006], 0060.

The result of this is, as explained by Hayafuji is “a voltage value
corresponding to the data voltage Vaata ...1s written in the charge-holding capacitor
Cs in the...current mirror drive method shown in FIG. 9 without being influenced
by the ripple component included in the drive voltage Va” creating a LED drive
signal independent from variations in the power supply. Ex.[1006], 90061.

A POSA would understand that Hayafuji’s video driver discussed above is a
‘current-mode’ circuit because the video driver (circuitry in green Video Driver

annotation below) generates and provides a control current to the current driver
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(circuitry in blue Current Driver annotation below). Ex.[1002], 994237-261.
Specifically, a POSA would recognize this because transistor Q3 generates control
current IW1, which controls current through transistor Tr4, which is configured
together with transistor Tr2 as a current mirror, and thereby controls drive current
Id through pixel element 32. Ex.[1002], 44237-261.

Moreover, a POSA would also recognize that Hayafuji’s video driver is an
isolator for control current IW1. Ex.[1002], 99237-261. A POSA would understand,
based on the specification of the ’521 Patent, that the claimed “isolator”
functionality is describing isolating the control current from being influenced by
variations in the power supply: “By using video driver 202 incorporating a
current mode isolator, the video drive signal v(t) is made referenced to the power
supply voltage VDD so that the current drive voltage signal Video.OLED is made
independent of the power supply voltage VDD. Ex.[1002], 9237-261. Variations
in the power supply voltage VDD will no longer adversely affect the AMOLED
display.” Ex.[1001], 6:1-7. As noted above, Hayafuji’s current mode technique
expressly discusses providing a drive signal to the LED “without being influenced
by the ripple component included in the drive voltage Va.” Ex.[1006], 40061. As
such, a POSA would recognize that Hayafuji’s circuitry including transistor Q3 is a

current mode isolator circuit. Ex.[1002], 9237-261.
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As discussed in greater detail in Ex.[1002], Gr.4,Cl.[3], a POSA would be
motivated to use this current drive technique in conjunction with the configuration
discussed in Gr.4,Cl.[3] at least because it allows for improved compensation to
transistor mobility and threshold variations, and therefore results in better display
performance. Ex.[1002], 99237-261. Further, a POSA would have a reasonable
expectation of success because Hayafuji discloses adapting from a voltage
programmed pixel to a current programmed pixel while still reducing the effect of
power supply ripple. Ex.[1002], 9237-261.

Therefore, consistent with the Gr.4,Cl1.[3] analysis, and Figures 6, 9, and 10
(combined/modified/annotated) below, a POSA would find obvious, in view of
Hayafuji, the video driver comprises a current mode isolator circuit (circuitry
including transistor Q3) for providing the video drive signal (gate voltage Vgate at
transistors Tr2 and Tr4 driven by control current Iw1) being the difference between
the positive power supply voltage (drive voltage Va.) and the video signal (data

voltage Vaat). Ex.[1006], FIGs. 6, 9, 10; Ex.[1002], §9237-261.
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Ex.[1006], Figs. 6, 9, 10 (combined, modified, annotated).

D. Ground 5: Claims 1-4 are Obvious in View of Szeer and the
knowledge of a POSA

1. Claim 1

Figure 2 illustrating the first embodiment of the *521 Patent is shown below.
As discussed below, Steer discloses a substantially similar structure. Ex.[1001], Fig.

2.
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Ex.[1001], Fig. 2 (annotated).

Claim|[1-Pre]

To the extent the preamble is limiting, Steer renders it obvious as shown in
annotated Figures 1, 2, 3, and 4. Ex.[1002], 99263-271.

Active Matrix Organic Light Emitting Diode Display Panel...Comprising
a Plurality of [OLED] pixel elements

Steer discloses “[a]n active matrix electroluminescent display device
compris[ing] an array of display pixels” comprising a “panel.” Ex.[1008], Abstract,
2:4-14. “The display elements may comprise organic thin film electroluminescent
elements, for example using polymer materials, or else light emitting diodes

(LEDs)...,” which a POSA would understand includes organic light emitting diodes
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(OLED). Ex.[1008], 1:11-12, Ex.[1002], 99263. The elements are “active matrix

addressed” Ex.[1008], 2:3-4, Fig. 1.
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Ex.[1008], Fig. 1.

Receiving a Video Signal To Be Displayed

Steer entails “an input voltage at input 52 representing the desired current.”
Ex.[1008], 9:14-15. A POSA would recognize that “the input voltage at input 52
representing the desired current” corresponds to the claimed video signal. For
instance, Steer explains that the OLED materials discussed therein are “used
practically for video display devices” Ex.[1008], 1:15-16. Moreover, a POSA would
understand that the desired amount of current through the pixel element corresponds

to the brightness of the pixel thus a voltage that represents the desired current at
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input 52 would be understood as a video signal. In the alternative, it would be
obvious that the “input voltage at input 52 would correspond to a video signal. A
POSA would be motivated to make the obvious design choice of inputting a video
signal at 52 at least because it’s well-known in the art to use video signals as inputs
to display panels and particularly for video drivers like in Steer, and as noted above,
Steer itself notes the display is useful to display video, which a POSA would
understand means the display would need to be connected to an input video signal
to display. Ex.[1002], 49267-269. Moreover, Steer is directed to an “analogue
implementation,” providing a POSA further motivation to use an (analogue) video
signal. Ex.[1008], 11:3-4.

Steer explains “FIG. 3 shows a first pixel arrangement in accordance with the
invention,” and “FIG. 4 shows the column driver architecture for a display using the
pixel of FIG. 3.” Ex.[1008], 8:3-4, 7:26-27. Thus, a POSA would understand that
Figures 3-4 correspond to the same embodiment. Ex.[1002], 9270; Ex.[1008], Figs.

3,4.
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Ex.[1008], Fig. 3 (annotated).

-83 -



Petition for Inter Partes Review
U.S. Patent No. 7,259,521

Claim[1-A]
Video Driver Receiving The Video Signal

As annotated in Figure 4, Steer discloses a video driver (‘‘comparator section
50” shown in green) receiving the input video signal 52 (“representing the desired

current”) Ex.[1008], 9:14-19, 8:28-29, Fig. 4.
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Ex.[1008], Fig. 4 (annotated).

Supply Voltage
Steer’s video driver also receives an input from “high open loop gain amplifier
44” which itself is connected to “VsuppLy” Which is “the same supply voltage as for

the power supply line 26.” Ex.[1008], 9:4-12. That amplifier 44 outputs at node 43
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a value that differs from VsuppLy “by a value RxI, where R is the resistance of the
feedback resistor 46 and I is the current flowing.” Ex.[1008], 9:4-12.

Generating Drive Signal Indicative of Video Signal and Referenced
To Supply Voltage

The “output of the comparator section 50 [Video Driver] is provided to the
column conductor through the gate 40. The comparator section 50 thus also acts as
the driver for providing the column conductor voltage.” Ex.[1008], 9:14-19.

Additionally, a POSA would recognize that the output of comparator section
50, which is a comparison between “the voltage at node 43 with an input voltage at
input 52 representing the desired current” corresponds to the claimed video drive
signal indicative of the video signal and referenced to a positive power supply
voltage of the AMOLED display panel. In particular, voltage on node 43
corresponds to VsuppLy added to R*I, where R is the resistance of resistor 46 and I
is the current flowing. Ex.[1008], 9:10-14; Ex.[1002], 94276-280. Steer’s Node 43
voltage is thus represented as:

Steer (1): Vaz=VsuprLy+R*1

A POSA would thus recognize that voltage at node 43 is VsuppLy With an
offset, and a comparison between voltage at node 43 (V43) and input voltage at input
52 would result in an output signal indicative of voltage at input 52 (Vs2 or input(t))

(i.e., the claimed video signal) and referenced to VsupeLy (i.e., the claimed positive

-85 -



Petition for Inter Partes Review
U.S. Patent No. 7,259,521

power supply voltage of the AMOLED display panel). The output of the comparator
50 is column conductor 6 (or node 6) which has a transmission gate 40 connected in
series with the conductor line 6. Ex.[1008], 9:1-2. The resulting output on node 6
(Vs) (the claimed video drive signal) in Steer is shown below in equation (2), which
shows the output of the comparison between V43 and Vs, that the video drive signal
includes video signal (input(?)) subtracted from VsuppLy.
Steer (2): Ve=VsuppLytR*I-input(t)

Ex.[1002], 9281.

This is substantially identical to operation of the embodiments of the’521
Patent, where the video drive signal v(?) is “referenced to” VDD as shown in
equation (7), where video signal (Video.DAC) is similarly subtracted from supply
voltage Vpp. Ex.[1001], 6:10-31 (“Equation 57).

’521 Eq.(5): v()=VDD-Video.DAC
Ex.[1002], 9282.

Therefore, as illustrated in Figure 4 (annotated) above, a POSA would

recognize that Steer discloses Claim [1-A]. Ex.[1008], Fig. 4; Ex.[1002], 4283.

Claim[1-B]

Current Driver Coupled to the OLED Pixel Element Receiving the
Video Drive Signal and the Positive Power Supply and Providing a
Drive Current to the OLED Pixel Element
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Steer explains “FIG. 3 shows a first pixel arrangement in accordance with the

invention.” Ex.[1008], 8:3-4, Fig. 3.
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Ex.[1008], Fig. 3 (annotated).

As shown, Steer includes current driver (“drive transistor 22°) coupled to
OLED pixel element (“EL display element 2”). Ex.[1008], 2:30-3:9. The current
driver (22) receives the drive signal (6) at its gate via “address transistor 16” and
power supply voltage from “power supply line 26 via transistor 30. /d. Ex.[1008],
8:32-9:3, 9:25-26, 10:5-10. During the pixel drive phase, line 26 corresponds to
Vsuprry. Ex.[1008], 10:5-10. Additionally, current driver “drive transistor 22”
operates to “give[] rise to the desired [drive] current” through OLED 2. Ex.[1008],

9:25-29.
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Therefore, consistent with Figure 3 (annotated) above, a POSA would
recognize that Steer discloses Claim [1-B]. Ex.[1002], 99285-287.

Claim[1-C]

Current Drive Voltage being Indicative of the Video Signal

Steer explains its current driver (drive transistor 22) “is implemented as a
PMOS TFT...which therefore provides the desired current source operation of the
pixel.” Ex.[1008], 3:6-13. Current driver (22) receives a “current drive voltage”
comprising the gate-source voltage—the difference between the voltage at the
source of drive transistor 22 (coupled to the positive power supply line 26 through
transistor 30) and the voltage provided from the driver on line 6 on the gate of drive
transistor 22. As previously noted, the voltage on line 6, in turn, is indicative of the
video signal because voltage is generated on line 6 varies directly with the video

signal input on line 52. Ex.[1002], 99293-297; Ex.[1008], Fig. 4.
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Accordingly, a POSA would understand that the gate-source voltage for drive
transistor 22 is the claimed current drive voltage, and would further understand that
the current flowing through drive transistor 22 and into EL element 2 is the claimed

drive current. Ex.[1002], 99289-290, 292; Ex.[1008], Fig. 3.
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Ex.[1008], Fig. 3 (annotated).

The Drive Current being Proportional to a Current Drive Voltage

A POSA would also recognize that because Steer’s drive transistor 22 and the
’521 Patent’s transistor M1 are both P-channel MOSFETs, they would both operate
in the same manner based on the well-known principles and functionalities of P-
Channel MOSFETs. Ex.[1002], 99290. Therefore, to the same extent that the *521
Patent’s drive current is “proportional” to its gate-source current drive voltage, a
POSA would understand that Steer’s current flowing through drive transistor 22 and
into the EL element 2 is also “proportional”’ to Steer’s gate-source voltage.!!

Ex.[1008], Fig. 3 (annotated); Ex.[1002], 99291-292.

1 See supra, Fn.7 regarding “proportional.”
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Current Drive Voltage...Independent of the...Power Supply Voltage

Moreover, as explained for Gr.5,C1.[1-A], the video drive signal applied to
the gate of drive transistor 22 is generated by “comparator section 50 (i.e., the
claimed video driver) via a comparison between the voltage on input 52 (i.e., the
claimed video signal) and a voltage at node 43 that’s dependent on VsuppLy (Which
is also the voltage on line 26) (i.e., the claimed positive power supply voltage).
Accordingly, a POSA would understand that generating the video drive signal using
the positive power supply voltage and then applying the video drive signal as a gate
voltage to drive transistor 22 relative to the positive power supply voltage to generate
the drive current renders the current drive voltage independent of the positive power
supply voltage as claimed. Ex.[1002], 99293-297. That is, a change in voltage of
VsuppLy Will be recognized both at node 43 and at line 26, and therefore, the current
drive voltage will be independent of the PPS.

A mathematical representation of the voltages at each node shows that
VsuppLy does not appear in the gate-to-source voltage over drive transistor 22, and
therefore, is independent of VsuppLy for at least the same reasons as described in
the ’521 Patent. As discussed for Gr.5,CL[1-A], VsuppLy 1S the same as the voltage
on line 26. The voltage on line 52 is represented by input(?) in equation (1), the

voltage at node 43 is represented by equation (2), the voltage on line 6 is represented
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by equation (3), and the gate-to-source voltage on the drive transistor is represented

by equation (4).
V., = input(t) (1)
Viz = Vspppry + R+ 1 (2)
Ve = Vi — Via (3)
Vos = Vs = Vivppry ()

Substituting equations (1)-(3) into equation (4) yields the updated equation (4A).

Vas = Viyppry + R = I —input(t) — Vigppry (4A)

Ves = R + 1 — input(t) 4B)

Since the first VsupprLy will be eliminated in equation (4A) via subtraction of the
second VsuepLy, the gate-to-source voltage Vgs on drive transistor 22 (i.e., the
claimed current drive voltage) is independent of the positive power supply voltage
as shown in equation (4B). Ex.[1002], 49295-297.

Therefore, consistent with Figures 3-4 (annotated) below, a POSA would
recognize that Steer discloses the drive current (drain current of drive transistor 22)
being proportional to a current drive voltage (gate-to-source voltage of drive

transistor 22) being indicative of the video signal (voltage on input 52) and
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independent of the positive power supply voltage (supply voltage VsuppLy On line

26 and within 42). Ex.[1008], Figs. 3, 4; Ex.[1002], 9298.
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2. Claim 2

Video Drive Signal is Indicative of the Difference...Between The Positive
Power Supply Voltage and the Video Signal

As described above for Gr.5,C1.[1-A], “comparator section 50" generates the
claimed video drive signal.

Steer discloses “comparator section 50 compares the voltage at node 43 with
an input voltage at input 52 representing the desired current.” Ex.[1008], 9:14-15.
Steer explains “the voltage at node 43 differs from this supply voltage by a value
RxI, where R is the resistance of the feedback resistor 46 and I is the current
flowing.” Ex.[1008], 9:10-12. Steer continues “output of the comparator section 50

is provided to the column conductor through the gate 40.” Ex.[1008], 9:17-18.
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Thus, a POSA would recognize that Steer teaches that drive voltage on line 6
(V) (1.e., the claimed video drive signal) is the difference between the voltage at
node 43 (V43) and the voltage on input line 52 (input(?)) (i.e., the claimed video
signal). Further, as discussed for Gr.5,Cls.[1-A, 1-C], a POSA would understand
that V43 1s equal to VsuepLy+R*1. Consequently, a POSA would recognize that (V)
(i.e., the claimed video drive signal) is indicative of the difference between power
supply voltage and the video signal (VsuppLy-input()), as claimed. Ex.[1002], 299-
303.

(1) Ve=Vaz—input(t)
(2) V3=R*I+VsuprLy
(3) V6= R*I+ VsuppLy-input(t)

Moreover, as discussed for Gr.5,CL[1-C], the claimed current drive voltage
is the gate-to-source voltage over drive transistor 22 (Vgs). As also discussed, Vgs
is equal to the difference between the gate voltage applied via line 6 (Vs) and the
voltage on line 26 (VsuppLy). Consequentially, a POSA would understand that the
current drive voltage (Vgs) 1s indicative of the difference between the positive
power supply voltage (VsuprLy) and the video drive signal (V). Ex.[1002], 4304

(4) Ves=Ve-VsurrLy
Therefore, a POSA would recognize that Steer discloses the video drive signal

(gate voltage V) is indicative of the sum of or the difference between the positive
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power supply voltage (drive voltage VsuppLy) and the video signal (voltage on the
input line 52 (input(t)) and the current drive voltage (gate-to-source voltage=Vgs)
is indicative of the difference between the positive power supply voltage (drive
voltage VsuppLy) and the video drive signal (gate voltage supplied on line 6 (V)).
Ex.[1002], 4305.

3. Claim 3

Differential Instrumentation Amplifier Circuit ... Video Drive Signal being
the Difference between the Positive Power Supply Voltage and the Video
Drive Signal

Claim 3 corresponds to the *521 Patent’s first embodiment shown in Figure 2
(annotated) below, where: “video driver 102 is implemented using a differential
instrumentation amplifier circuit to re-reference the video drive signal v(t) to the

positive power supply voltage VDD.” Ex.[1001], 4:7-37, Fig. 2.
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Ex.[1001], Fig. 2 (annotated).

As discussed above for Gr.5,CL[1-A], a POSA would recognize that Steer
discloses a video driver (circuitry in green Video Driver annotation above) receiving
the video signal (a voltage on input line 52) and generating a video drive signal
(gate voltage V) indicative of the video signal and referenced to a positive power
supply voltage (supply voltage VsuerLy) of the AMOLED display panel. Ex.[1008],

Fig. 4; Ex.[1002], §309.
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Ex.[1008], Fig. 4 (annotated).

Steer discloses that there is an “amplifier of the comparator.” Ex.[1008], 6:1.
Steer explains that “a comparator section 50 compares the voltage at node 43 with
an input voltage at input 52 representing the desired current.” Ex.[1008], 9:23-24.

A POSA would understand that the amplifier and resistors of comparator 50
are in a differential arrangement and that input line 52 is coupled to the negative
terminal of the operational amplifier via a resistor and that node 43 (a function of
Vsuppry) is coupled to a positive terminal of the operational amplifier, and therefore,
the output on line 6 (V) is the difference between VsuppLy and the voltage on input

line 52 (input(t)). Ex.[1002], 99307-309. That is, as discussed for Gr.5,Cl1.[2], node
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43 has a voltage corresponding to VsurpLy added to the feedback voltage denoted by
the resistor value of resistor 46 multiplied by the current passing through resistor 46.
Mathematically, the voltage at node 43 (V43) is represented by equation (1) below,
which yields the voltage of conductor 6 (Vs) video drive signal represented by
equation (2) below. Also, as explained in Gr.5,CL[1-C] the gate-to-source voltage
(Vgs), which is the current drive voltage, is represented by equation (3) below.

(1) V4s=VsuprpLytR*1

(2) Ve=R*1 +VsuppLY—input(t)

(3) Ves=Ve—VsuprLy=R*1-input(t)
Ex.[1008], 309.

Steer does not disclose the value of the resistors in the differential circuit of
the video driver. A POSA would be motivated to make the obvious design choice of
using the same resistance values in the differential circuit at least because the POSA
would recognize that a gain of unity would make the circuit easier to analyze, and
make manufacturing more efficient by only needing to buy and maintain one resistor
type to implement the circuit. Ex.[1002], 49313-314. A POSA would further be
motivated to make this obvious modification because it is a mere design choice that
would also accomplish the stated purpose of Steer. Indeed, Steer does not disclose
that a non-unity gain would be desired or necessary. Ex.[1008], 90028; Ex.[1002],

9314. The result of the design choice of unity gain is that the output (on column
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conductor 6) of comparator 50 is the difference between the signals on input node
43 and 52.

Accordingly, a POSA would recognize that Steer discloses at least one
condition of the video drive signal (V) being the difference between the positive
power supply voltage and the video signal. Ex.[1002], 19315-318. In a first example,
Vs (the claimed video drive signal) will be exactly the difference between VsuppLy
(the claimed positive power supply voltage) and the input(t) (the claimed video
signal) when the current (I) through resistor 46 (R) is zero. This will initially occur
when the programming phase of the pixel begins. For example, at least at the
moment at which the programming phase begins, the voltage at node 43 will be equal
to VsuppLy because there is no current flowing through resistor 46 (R). There is no
current flowing through resistor 46 (R) at this time because the current has not yet
started to flow through the pixel element 2. Moreover, in some circumstances, a first
programming phase will charge capacitor 24 to a first voltage of Vgs for a particular
first current (e.g., set by the voltage on the input line 52 input(?)). That is, the first
current will correspond to a first magnitude of Vgs. The programming phase ends
and the top terminal of capacitor 24 is held at VsuppLy supplied via line 26 and the
first magnitude of Vgs is held at a constant voltage. Ex.[1008], 2:1-2 (“a storage
capacitor 24 holds the voltage on the gate of the drive transistor 22 after the pixel

addressing (programming) phase.”) When a second programming phase begins that
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requires a second magnitude of Vgs that is smaller than the first magnitude, the
capacitor 24 will discharge from the first magnitude voltage to the second magnitude
thereby supplying current to the pixel element 2 for some period of time. During the
discharge, the current through resistor 46 (R) will be zero and the voltage at node 43
will be exactly VsuppLy. Accordingly, it will not be until the capacitor 24 sufficiently
discharges that a current (I) will flow through 46 (R). In this way, the voltage at
node 43 will be equal to VsuppLy because there is no current flowing through resistor
46 (R) and therefore the R*I value in equation shown for V¢ be zero, and the output
of the comparator 50 will be the difference between VsuppLy and the input voltage
on line 52. Ex.[1002], 49316-317.

Therefore, as shown in Figure 4 (annotated) above, a POSA would recognize
that Steer discloses wherein the video driver (comparator section 50) comprises a
differential instrumentation amplifier circuit (operation amplifier and resistors in
differential arrangement annotated in light blue) for providing the video drive signal
being the difference between the positive power supply voltage (node 43) and the
video signal (input voltage on input 52). Ex.[1002], §318.

4. Claim 4
Claim[4-Pre]

Claim 4 corresponds to the *521 Patent’s first embodiment shown in Figure 2

(annotated) below: “FIG. 2 is a schematic diagram of a video driver foran AMOLED
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display system according to a first embodiment of the present invention.” Ex.[1001],

4:7-9, Fig. 2.
Positive Power | | Current Drive |
Supply Voltage Driver | | Current
100\ | _AMOLED]Display Pane
102 VDD 30
Syt | b Current Driver
| 108 | |y """
I R :
l VO 1124
Speriorsl | SR A
| ad v
Amplifier 107 1091 104 i T —___
12 ; 1~ i
: : 110 !
Video Source Y dee0.DACH ™R R i
|
R T 06 ______ |
A4
16 Video Video || Video Drive | Current Drive Pixel
Signal Driver Signal Voltage Element

Ex.[1001], Fig. 2 (annotated).

Claim[4-A]
In the ’521 Patent, the operational amplifier corresponds to element 104 in
Figure 2.
An Operational Amplifier ... a First Resistor Coupled to a Positive Input

Terminal ... A Second Resistor Coupled to a Negative Input Terminal...
and an Output Terminal Providing the Video Drive Signal

Steer discloses that there is an “amplifier of the comparator.” Ex.[1008], 9:22-

23. Steer explains that “a comparator section 50 compares the voltage at node 43
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with an input voltage at input 52 representing the desired current.” Ex.[1008], 9:14-
15.

As discussed in Gr.5,CL.[3], a POSA would understand that amplifier and
resistors of the comparator 50 are in a differential arrangement and be motivated to
make the obvious design choice of having the input line 52 coupled to the negative
terminal of the operational amplifier via a (second) resistor because it was well
known that in conventional differential instrumentation amplifier circuits, the
positive input terminal is the reference voltage (often ground) against which the
negative terminal voltage is compared to. Ex.[1002], 4321. Thus, a POSA would
understand that a first resistor would be connected to the positive terminal.
Furthermore, the current-to-voltage converter 42 includes a high open loop gain
amplifier 44 such that the current-measurement line 34 is connected to the virtual
earth input with the power supply connected to the other input of amplifier 44. Ex.
[1008],9:6-9. The output of this amplifier is connected to the input of the amplifier
50. A POSA would understand that in order for the output of the amplifier 50 to
output a correct polarity to bias the drive transistor via control line 6, virtual earth
must be connected to the non-inverting terminal of the op amp. Ex.[1002], 4324.
Thus, a POSA would understand that node 43 that is a function of Vsuppry is coupled
to a positive terminal of the operational amplifier and therefore the output on line 6

(V) 1s the difference between the VsuppLy and the voltage on input line 52 (input(1)).
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Ex.[1002], 99321-327. Also as discussed for Gr.5,CL[3], there are particular
circumstances where node 43 is exactly VsuppLy. Ex.[1002], 99315-317.

Therefore, as shown in Figure 4 (annotated) below, a POSA would understand
that Steer discloses or renders obvious an operational amplifier (annotated in dark
blue) having a positive input terminal coupled to a first resistor (annotated in light
pink), a negative input terminal coupled to a second resistor (annotated in purple)
and an output terminal providing the video drive signal (light green annotation of

VDS on line 6). Ex.[1008], Fig. 4.

Video Video Operational
Signal Driver Amplifier
g 50
PasiIve: Powier - S — Fourth Resistor

Supply Voltage

Second Resistor” ]

Third Resistor

First Resistor

Video Drive
Signal

Ex.[1008], Fig. 4 (annotated).

Claim|[4-B]

First Resistor Coupled between the Positive Input Terminal and a Ground
Voltage
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In the *521 Patent, the first resistor corresponds to element 107 in Figure 2.

For the same reasons discussed for Gr.5,Cl.[3], and as shown in Figure 4
(annotated) below, a POSA would understand that Steer discloses or renders
obvious the first resistor (annotated in light pink) being coupled between the
positive input terminal of the operational amplifier (annotated in blue) and a
ground voltage (“GND” in Figure 4) or a negative power supply voltage.

Ex.[1008], Fig. 4; Ex.[1002], 99328-329.

Video Video Operational
Signal Driver Amplifier

Positive Power
Supply Voltage

Fourth Resistor

Second Resistor” ]

Third Resistor

First Resistor

Video Drive
Signal

Ex.[1008], Fig. 4 (annotated).

Claim[4-C]

Second Resistor Coupled between the Negative Input Terminal and the
Video Signal
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In the ’521 Patent, the second resistor corresponds to element 105 in Figure

For the same reasons as discussed in Gr.5,Cl.[3], and as shown in annotated
Figure 4 below, a POSA would understand that Steer discloses or renders obvious
the second resistor (annotated in purple) being coupled between the video signal
(annotated in orange) and the negative input terminal of the operational amplifier

(annotated in blue). Ex.[1008], Fig. 4; Ex.[1002], 9330-331.

Video Video Operational
Signal Driver Amplifier
i 50
Fositive FowEr - ‘- Fourth Resistor

Supply Voltage

Second Resistor” ]

Third Resistor

First Resistor

Video Drive
Signal

Ex.[1008], Fig. 4 (annotated).

Claim[4-D]

Third Resistor Coupled between the Positive Input Terminal and the
Positive Power Supply

In the °521 Patent, the third resistor corresponds to element 108 in Figure 2.
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As discussed in Gr.5,CL[1-A], node 43 is the PPS voltage offset by a value
of R*1. R is the resistor labeled 46. Ex.[1008], 5:51-54. Also as discussed in
Gr.5,CL[3], there are particular circumstances where node 43 is exactly VsuppLy.
Thus, a POSA would understand the voltage at node 43 to be the PPS voltage at
least during the described conditions. Ex.[1002], 9333.

For the same reasons as discussed in Gr.5,Cl.[3], and as shown in annotated
Figure 4 (annotated) below, a POSA would understand that Steer discloses a third
resistor (annotated in dark red) being coupled between the positive input terminal
of the operational amplifier (annotated in blue) and the positive power supply
voltage (node 43 that is VsuppLy when the current through resistor 46 (R) is zero).

Ex.[1008], Fig. 4; Ex.[1002], 9334.

Video Video Operational
Signal Driver Amplifier

Positive Power
Supply Voltage

Fourth Resistor

Second Resistor”|

Third Resistor

First Resistor

Video Drive
Signal
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Ex.[1008], Fig. 4 (annotated).
Claim[4-E]

Fourth Resistor Coupled between the Negative Input Terminal and the
Output Terminal of the Operational Amplifier

In the ’521 Patent, the fourth resistor corresponds to element 106 in Figure

For the same reasons as discussed in Gr.5,CL.[3], and as shown in annotated
Figure 4 (annotated) below, a POSA would understand that Steer discloses a
fourth resistor (annotated in bright pink) being coupled between the negative
input terminal and the output terminal of the operational amplifier (annotated in

blue). Ex.[1008], Fig. 4; Ex.[1002], 19335-336.

Video Video Operational
Signal Driver Amplifier
i 50
PasIve FOWET T T Fourth Resistor

Supply Voltage

Second Resistor” |

Third Resistor

First Resistor

Video Drive
Signal

Ex.[1008], Fig. 4 (annotated).
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IX. SECONDARY CONSIDERATIONS

To Petitioners’ knowledge, there is no evidence of secondary considerations
of non-obviousness tied to the claimed invention of the *521 Patent.'? Accordingly,
there is no objective evidence of non-obviousness that might warrant a finding that
Claims 1-5 and 7 are patentable. Ex.[1002], 4337. Furthermore, even if PO were able
to establish any secondary considerations and a proper nexus, any such secondary
considerations would be insufficient to overcome the strong case of obviousness
presented in Grounds 1-5. Leapfrog Enters., Inc. v. Fisher-Price, Inc., 485 F.3d
1157, 1162 (Fed. Cir. 2007).

X. CONCLUSION

Petitioners respectfully request institution of inter partes review and

cancelation of Claims 1-5 and 7 of the *521 Patent as unpatentable.

March 24, 2023 Respectfully submitted,

/Eliot D. Williams/
Eliot D. Williams (Reg. No. 50,822)

12" Petitioners reserve the right to rebut any purported evidence of secondary

considerations of non-obviousness identified by PO.
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