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 INTRODUCTION 

1. My name is Alex Kattamis. I make this declaration based upon my own 

personal knowledge and, if called upon to testify, would testify competently to the 

matters contained herein. 

2. I am over the age of 21 and am competent to make this declaration. 

3. I have been retained by counsel for Samsung Display Co., Ltd. 

(“Samsung”) to provide technical assistance in the inter partes review of U.S. Patent 

No. 7,259,521, (“the ’521 Patent”). This declaration is a statement of my opinions 

on issues related to the unpatentability of claims of the ’521 Patent. 

4. I am a salaried employee of Exponent. Exponent charges $550 per hour 

for my time plus expenses for work performed in connection with this project. I have 

received no additional compensation for work in this case, and my compensation 

does not depend upon the contents of this report, any testimony I may provide, or 

the ultimate outcome of the case. 

 EXPERIENCE AND QUALIFICATIONS  

5. In formulating my opinions, I have relied upon my knowledge, training, 

and experience in the relevant art. My qualifications are stated more fully in my 

curriculum vitae, which has been provided as Ex. [1003]. My CV also lists 

publications on which I am a named author and identifies parties on behalf of whom 
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I have previously provided expert testimony within the past four years. Here, I 

provide a brief summary of my qualifications. 

6. I am a Principal Engineer in Exponent’s Electrical Engineering and 

Computer Science practice. I received my B.S.E. in Electrical Engineering from the 

University of Connecticut in 2002 and an M.A. and Ph.D. in Electrical Engineering 

from Princeton University in 2004 and 2007 respectively. 

7. During my time at the University of Connecticut and through a grant 

from the National Science Foundation I designed and implemented devices for 

people with disabilities. This included the design and manufacture of analog and 

digital control systems for devices including go-karts and electronic lifts. 

8. Before joining Princeton University, I worked as a design engineering 

intern at General Electric Industrial Systems. There I designed and implemented 

analog circuits which included the implementation power supplies. The power 

supplies were comprised of operational amplifier circuits, filters, and transistors as 

well as controllers. 

9. At Princeton University my research was focused on designing and 

fabricating pixel circuits on non-conventional substrates for driving liquid-crystal 

display (LCDs) and active-matrix organic light emitting diode displays 
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(AMOLEDs). This included the design of pixel circuits for producing stable 

luminance via controlled current flow. 

10. Throughout my career at Exponent, I have worked extensively on 

AMOLED and LCD displays including driver circuits, and thin-film transistor and 

pixel architectures. 

11. I am a licensed Professional Engineer in the State of Connecticut, the 

State of Georgia, the Commonwealth of Massachusetts, the State of New Jersey, the 

State of New York, the Commonwealth of Pennsylvania, the State of Rhode Island, 

and in State of Texas. I am also designated a Model Law Engineer by the National 

Council of Examiners for Engineering. 

12. I am a Senior Member of the Institute of Electrical and Electronics 

Engineers (IEEE), which is the world’s largest technical professional organization 

dedicated to advancing technology for the benefit of humanity. 

13. Therefore, based on my education, professional experience, scholarly 

books and publications, I am an expert in the relevant field of the Challenged Patent 

at issue here and have been an expert in this field since before the Challenged Patent 

was filed with the United States Patent and Trademark Office (“USPTO”). I am 

familiar with how a person having ordinary skill in the art would have understood 

and used the terminology found in the Challenged Patent at the time of its filing. 
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 TASK SUMMARY AND MATERIALS REVIEWED  

14. I have been asked to review the ’521 Patent and its prosecution history, 

to provide an understanding of the technology relevant to the ’521 Patent, to review 

certain prior-art references, and analyze whether or not those references disclose or 

teach limitations of claims from the ’521 Patent. The opinions stated in this 

declaration are from the perspective of a person of ordinary skill in the art (POSITA). 

 LIST OF EXHIBITS  

15. In forming my opinions, I have reviewed the ’521 Patent, its 

prosecution history and references cited by the Examiner, the materials cited in the 

List of Exhibits, and the materials cited throughout my declaration. 

 
 

Ex. Description of Exhibits 
1001 U.S. Patent No. 7,259,521 (“the ’521 Patent”) 
1002 Expert Declaration of Dr. Alex Kattamis 
1003 CV of Dr. Alex Kattamis 
1004 Prosecution File History of the ’521 Patent 
1006  U.S. Patent Publication No. 2005/0190128 (“Hayafuji”) 
1007  U.S. Patent Publication No. 2005/0140600 (“Kim”) 
1008  International Publication No. WO2004034365A1 (“Steer”) 

1009 / 
1013 

 James W. Nilsson, et al., Electric Circuits (5th ed. 1996) 

1010 Paul Horowitz, et al., The Art of Electronics (2nd ed. 1989) 
1011 / 
1014 

Willem Den Boer, Active Matrix Liquid Crystal Displays – 
Fundamentals and Applications (1st ed. 2005) 

1012 Min-Koo Han, AM backplane for AMOLED, PROC. OF ASID (2006) 
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Ex. Description of Exhibits 
1015 Supplemental Expert Declaration of Dr. Alex Kattamis 
1016 Transcript of April 18, 2024 Deposition of Thomas L. Credelle 
1017 Transcript of April 11, 2024 Markman Hearing 

Polaris PowerLED Technologies, LLC v. Samsung Electronics 
America, Inc. et al, EDTX-2-22-cv-00469 

1018 Claim Construction Declaration of Thomas L. Credelle (February 23, 
2024)  
Polaris PowerLED Technologies, LLC v. Samsung Electronics 
America, Inc. et al, EDTX-2-22-cv-00469 

 
 SUMMARY OF CONCLUSIONS AND GROUNDS FOR CHALLENGE 

OF ’521 PATENT  

16. After reviewing the materials identified in the List of Exhibits, I have 

concluded that each of Claims 1, 2, 3, 4, 5 and 7 of the ’521 Patent would have been 

anticipated and/or obvious to a person of ordinary skill in the art, based on the 

following grounds. 

Ground Claims Basis for Invalidity 
1 1, 2 and 7 Anticipated by Kim 
2 1, 2 and 7 Obvious in View of Kim and the Knowledge of a POSA 
3 1 and 2 Anticipated by Hayafuji 
4 1, 2, 3 and 5 Obvious in View of Hayafuji and the Knowledge of a 

POSA 
5 1, 2, 3 and 4 Obvious in View of Steer and the Knowledge of a POSA 

 

 Samsung Display, Ex. 1015, p. 8 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 6 - 

 UNDERSTANDING OF THE GOVERNING LAW 

A. Level Of Ordinary Skill In The Art 

17. When analyzing a patent, I understand that it is important to identify 

the relevant art pertaining to the patent as well as the level of ordinary skill in that 

art at the time of the claimed invention. The “art” is the field of technology to which 

the patent is related. 

18. I have been instructed by counsel that the person of ordinary skill in the 

art (“POSITA”) is a hypothetical person who is presumed to know the relevant prior 

art. I understand that the actual inventor’s skill is not determinative of the level of 

ordinary skill. I further understand that the factors that may be considered in 

determining the level of skill include: the types of problems encountered in the art; 

prior art solutions to those problems; rapidity with which innovations are made; 

sophistication of the technology; and educational level of active workers in the field. 

I understand that not all such factors may be present in every case, and one or more 

of them may predominate. 

B. Legal Standard For Claim Construction 

19. I understand that the first step in determining whether a patent claim 

would have been anticipated or obvious is to ascertain how a POSITA would have 

understood the claim terms. 
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20. I have been instructed by counsel on the law regarding claim 

construction and patent claims, and I understand that a patent may include two types 

of claims: independent claims and dependent claims. An independent claim stands 

alone and includes only the limitations it recites. A dependent claim can depend from 

an independent claim, or it can further depend from another dependent claim. I 

understand that a dependent claim includes all the limitations that it recites, in 

addition to all the limitations recited in the claim(s) from which it depends. 

21. It is my understanding that in proceedings before the USPTO, the 

claims of a patent are to be construed under what is referred to as the “Phillips 

standard.” I understand that this means that claim terms of a patent are given the 

meaning the terms would have to a POSITA, in view of the description provided in 

the patent itself and the patent’s file history. 

22. I understand that to determine how a person of ordinary skill would 

understand a claim term, one should look to those sources available that show what 

a person of skill in the art would have understood the disputed claim language to 

mean. I understand that, in construing a claim term, one looks primarily to the 

intrinsic patent evidence, including the words of the claims themselves, the 

remainder of the patent, and the patent’s prosecution history. I understand that 

extrinsic evidence, which is evidence external to the patent and the prosecution 
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history, may also be useful in interpreting patent claims when the intrinsic evidence 

itself is insufficient. 

23. I understand that words or terms should be given their ordinary and 

accepted meaning unless it appears that the inventors were using them to mean 

something else. In making this determination, the claims, the remainder of the patent, 

and the prosecution history are of paramount importance. Additionally, the patent 

and its prosecution history must be consulted to confirm whether the patentee has 

acted as its own lexicographer (i.e., provided its own special meaning to any disputed 

terms), or intentionally disclaimed, disavowed, or surrendered any claim scope. 

24. In comparing the claims of the ’521 Patent to the prior art, I have 

considered the ’521 Patent and its file history in light of the understanding of a 

person of skill at the time of the alleged invention. 

C. Anticipation 

25. It is my understanding that the claims of a patent are anticipated by a 

prior art reference if each and every element of the claim is found either explicitly 

or inherently in a single prior art reference. I understand that inherency requires a 

showing that the missing descriptive matter in the claim is necessarily or implicitly 

present in the allegedly anticipating reference, and that it would have been so 

recognized by a POSITA. In addition, I understand that an enabling disclosure is a 
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disclosure that allows a POSITA to make the invention without undue 

experimentation. Although anticipation typically involves the analysis of a single 

prior art reference, I understand that additional references may be used to show that 

the primary reference has enabling disclosure, to explain the meaning of a term used 

in the primary reference, and/or to show that a characteristic is inherent in the 

primary reference. 

D. Obviousness 

26. I understand that the prior art may render a patent claim “obvious.” I 

understand that two or more prior art references (e.g., prior art articles, patents, or 

publications) that each disclose fewer than all elements of a patent claim may 

nevertheless be combined to render a patent claim obvious if the combination of the 

prior art collectively discloses all elements of the claim and one of ordinary skill in 

the art at the time would have been motivated to combine the prior art in such a way. 

I understand that this motivation to combine need not be explicit in any of the prior 

art, but may be inferred from the knowledge of one of ordinary skill in the art at the 

time the patent was filed. I also understand that one of ordinary skill in the art is not 

an automaton, but is a person having ordinary creativity. I further understand that 

one or more prior art references, articles, patents or publications that disclose fewer 

than all of the elements of a patent claim may render a patent claim obvious if 

 Samsung Display, Ex. 1015, p. 12 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 10 - 

including the missing element would have been obvious to one of skill in the art 

(e.g., the missing element represents only an insubstantial difference over the prior 

art or a reconfiguration of a known system). 

27. I understand that under the doctrine of obviousness, a claim may be 

invalid if the differences between the invention and the prior art are such that the 

subject matter as a whole would have been obvious at the time the invention was 

made to a POSITA to which the subject matter pertains. 

28. To assess obviousness, I understand that I am to consider the scope and 

content of the prior art, the differences between the prior art and the claim, the level 

of ordinary skill in the art, and any secondary considerations to the extent they exist. 

29. I understand that any evidence of secondary indicia of non-obviousness 

should be considered when evaluating whether a claimed invention would have been 

obvious to one of ordinary skill at the time of invention. These secondary indicia of 

non-obviousness may include, for example: 

• a long felt but unmet need in the prior art that was satisfied by the 
claimed invention; 

• commercial success of processes claimed by the patent; 

• unexpected results achieved by the invention; 

• praise of the invention by others skilled in the art; 

• the taking of licenses under the patent by others; and 
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• deliberate copying of the invention. 

30. I understand that there must be a nexus between any such secondary 

indicia and the claimed invention. 

31. It is also my understanding that there are additional considerations that 

may be used as further guidance as to when the above factors will result in a finding 

that a claim is obvious, including the following: 

• the claimed subject matter is simply a combination of prior art 
elements according to known methods to yield predictable results; 

• the claimed subject matter is a simple substitution of one known 
element for another to obtain predictable results; 

• the claimed subject matter uses known techniques to improve 
similar devices or methods in the same way; 

• the claimed subject matter applies a known technique to a known 
device or method that is ready for improvement to yield predictable 
results; 

• the claimed subject matter would have been “obvious to try” 
choosing from a finite number of identified, predictable solutions, 
with a reasonable expectation of success; 

• there is known work in one field of endeavor that may prompt 
variations of it for use in either the same field or a different one 
based on design incentives or other market forces if the variations 
would have been predictable to a POSITA; 

• there existed at the time of the invention a known problem for which 
there was an obvious solution encompassed by the patent’s claims; 
and 

• there is some teaching, suggestion, or motivation in the prior art that 
would have led a POSITA to modify the prior art reference or to 
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combine prior art reference teachings to arrive at the claimed subject 
matter. 

32. Finally, I understand that a claim may be deemed invalid for 

obviousness in light of a single prior art reference, without the need to combine 

references, if the elements of the claim that are not found in the reference can be 

supplied by the knowledge or common sense of one of ordinary skill in the relevant 

art. 

 OVERVIEW OF THE ’521 PATENT 

33. I have reviewed U.S. Patent No. 7,259,521 (“the ’521 Patent”), which 

is entitled “Video Driver Architecture for AMOLED Displays.” See Ex. [1001], the 

’521 Patent. 

A. Prosecution History 

34. The ’521 Patent had a short prosecution history with no official office 

action issued. See Ex. [1004], Prosecution File History of the ’521 Patent. The 

application of the ’521 Patent was filed on August 28, 2006. A Notice of Allowance 

was issued on April 13, 2007, allowing Claims 1-8, and the ’521 Patent issued on 

August 21, 2007. See Ex. [1004], Prosecution File History of the ’521 Patent at 1-

13.  
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B. The Subject Matter of the ’521 Patent 

35. The ’521 Patent relates to an AMOLED display system. This display 

system includes a panel which receives a video signal. Based on the video signal a 

video drive signal is generated which operates a current driver to supply current to 

an OLED. 

An AMOLED display system, including an AMOLED display panel 
receiving a video signal, includes 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 display panel, and a current driver 
coupled to an OLED pixel element receiving the video drive signal and the 
positive power supply voltage and providing a drive current to the OLED pixel 
element. 
 

See Ex. [1001], the ’521 Patent at Abstract. 

36. The ’521 Patent further discloses that the drive current is proportional 

to the current drive voltage which is independent of the positive power supply 

voltage. See Ex. [1001], the ’521 Patent at 3:58-57. 

37. The ’521 Patent’s alleged invention relates to an AMOLED display 

system having a video driver and a pixel element. Ex. [1001], the ’521 Patent at 

Abstract. The video driver may be either external or integrated with the display. See 

Ex. [1001], the ’521 Patent at 7:52-8:2.  

38. FIG. 1 depicts a diagram of a conventional AMOLED system. Ex. 

[1001] the ’521 Patent at 3:36-37, FIG. 1. 
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39. Video source 12 provides video signals (Video.DAC) to AMOLED 

display panel 30. Ex.[1001], the ’521 Patent at 1:57-59. “[V]ideo drive signal v(t) is 

a signal that is referenced to the ground voltage (node 16).” See Ex. [1001], the ’521 

Patent at 2:2-3. 

40. The purported invention references incoming video signals to the same 

positive power supply voltage as the display panel, instead of the ground voltage, to 

generate a video drive signal driving a current driver that provides current to the 

pixel element. See Ex. [1001], the ’521 Patent at Abstract, FIG. 2.  
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41. 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.” See Ex. [1001], the ’521 Patent at 3:65-69. 

42. However, video drivers referencing a video drive signal to the positive 

power supply voltage to eliminate or reduce effects of PPS voltage variation in 

display systems were well-known before the ’521 Patent. 

43. The ’521 Patent describes three embodiments of the claimed invention. 

Embodiments 1, 2 and 3 as shown below by FIG. 2 – 4 of the ’521 Patent below. 
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See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 
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See Ex. [1001], the ’521 Patent at FIG. 3 (annotated). 
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\ 

See Ex. [1001], the ’521 Patent at FIG. 4 (annotated). 

C. The Challenged Claims of the ’521 Patent 

 
Limitation Claim Language from ’521 Patent 

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 
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Limitation Claim Language from ’521 Patent 

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. 

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. 

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. 

4-Pre 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. 
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Limitation Claim Language from ’521 Patent 
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. 

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. 

 
 LEVEL OF ORDINARY SKILL IN THE ART FOR THE ’521 PATENT 

44. 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.  Additional education could compensate for less practical experience and 

vice versa.  

45. I believe that I would qualify as at least a person of ordinary skill in the 

art in the 2006 timeframe, and that I have a sufficient level of knowledge, experience, 

and education to provide an opinion in the field of the ’521 Patent. I am familiar with 

what a person of ordinary skill in the art knew at that time because of my lengthy 

experience with engineering subjects of a similar nature to the concepts presented in 

the ’521 Patent. Additionally, at that time, I was familiar with the general subject 

material in the cited prior art in this Declaration. 
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 CLAIM CONSTRUCTION  

46. It is my understanding that Mr. Credelle and PO have offered apparent 

constructions for various claim terms.  

47. I understand that Mr. Credelle has opined on various claim terms in his 

second declaration, his deposition testimony, and in his declaration in the related 

district court litigation. See generally Ex. [2011], Credelle Second Declaration; Ex. 

[1016], Credelle Deposition Transcript; Ex. [1018], Credelle Claim Construction 

Declaration.  

48. I also understand that the Board has identified various apparent 

constructions taken by Mr. Credelle and PO. Institution Decision at footnote 6.  

49. Where relevant, I discuss Mr. Credelle’s and PO’s apparent 

constructions in the invalidity grounds below.  

 
 TECHNOLOGY BACKGROUND AND STATE OF THE ART FOR 

THE ’521 PATENT 

 
50. In the subsections below, I describe some of the basic principles of 

electrical engineering that would have been well-known to a POSITA in 2006 

timeframe, and long before. 
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A. Exemplary References Corroborating The General Engineering 
Knowledge 

a) Nilsson Text (Ex. [1009])  

51. As an example of general electrical engineering knowledge regarding 

circuit design, Ex. [1009] is a textbook published in 1996 entitled “Electric Circuits,” 

and authored by James Nilsson et al. (“Nilsson Text”). This textbook is an 

introduction to electric circuits and is used a college textbook. I used this textbook 

during my sophomore year at the University of Connecticut. The course that relied 

on this text was a required for the B.S.E. program. 

b) Horowitz Text (Ex. [1010])  

52. As an example of general electrical engineering knowledge regarding 

circuit design, Ex. [1010] is a textbook published in 1989 entitled “The Art of 

Electronics,” and authored by Paul Horowitz et al. (“Horowitz Text”). This textbook 

covers electronics and is intended as a reference book and electronic circuit design 

textbook. I have relied on this textbook throughout my career as an electrical 

engineer as a reference when designing circuits. 

c) den Boer Text (Ex. [1011])  

53. As an example of engineering knowledge pertaining to flat-panel 

displays, Ex. [1011] is a textbook published in 2005, entitled “Active Matrix Liquid 

Crystal Displays: Fundamentals and Applications,” by Willem den Boer (“den Boer 
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Text”). This book memorializes the state of the art of flat-panel displays as of 2005, 

including liquid crystal displays and organic electroluminescence displays, and 

provides a perspective of the knowledge of one of ordinary skill. In this book, thin-

film-transistors, drive electronics, and drive methods, including compensation 

methods used for high-speed performance, are discussed in terms of their 

development, solutions to problems associated with increases in display size, and 

the rapid developments in these technologies. 

d) Han Article (Ex. [1012])  

54. As an example of specific pixel circuit design general engineering 

knowledge pertaining to flat-panel display, Exhibit [1012] is a paper published by 

the Asian Society for Information Display (“ASID”) in 2006, entitled “AM 

backplane for AMOLED,” by Min-Koo Han (“Han Article”). I am familiar with the 

Journal of the Society of Information Display and ASID is the Asian branch of the 

SID. 

B. Transistors and Op-Amps 

 
55. A transistor is a three-terminal device that allows for amplification or 

perform as electronic switch. 
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56. A transistor is a 3-terminal device available in 2 flavors (npn and pnp), 

with properties that meet the following rules for npn transistors (for pnp simply 

reverse all polarities):  

 
Rule 1. The collector must be more positive than the emitter. 
Rule 2. The base-emitter and base-collector circuits behave like diodes 
(Fig. 2.2). Normally the base-emitter diode is conducting and the base-
collector diode is reverse-biased, i.e., the applied voltage is in the 
opposite direction to easy current 
flow. 

 
Figure 2.1. Transistor symbols, and small transistor packages. 

 

 
Figure 2.2. An ohmmeter's view of a transistor's terminals. 

 

See Ex. [1010], Horowitz at p. 62. 

Rule 3. Any given transistor has maximum values of 𝐼𝐼𝐶𝐶 (collector 
current), 𝐼𝐼𝐵𝐵 (base current), and 𝑉𝑉𝐶𝐶𝐶𝐶  that cannot be exceeded without 
costing the exceeder the price of a new transistor. 
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Rule 4. 𝐼𝐼𝐶𝐶 (collector current) is roughly proportional to 𝐼𝐼𝐵𝐵 (base 
current) and can be written as  
 

𝐼𝐼𝐶𝐶 = ℎ𝐹𝐹𝐹𝐹𝐼𝐼𝐵𝐵 = 𝛽𝛽𝐼𝐼𝐵𝐵 
 
where ℎ𝐹𝐹𝐹𝐹 the current gain (also called betta), is typically about 100. Both 𝐼𝐼𝐶𝐶 

(collector current) and 𝐼𝐼𝐸𝐸  (emitter current) flow to emitter. 

 
See Ex. [1010], Horowitz Text at pp. 62.  
 
  

57. One of the typical uses for a transistor is being a switch. A current flows 

across the collector- emitter path whenever voltage is applied to a transistor’s base. 

If there’s no voltage applied to the base, the switch is off, and if the voltage is applied 

to the base, the switch is on. 

 

Figure 2.3. Transistor switch example. 

Look at the circuit in Figure 2.3. This application, in which a small 
control current enables a much larger current to flow in another 
circuit, is called a transistor switch. From the preceding rules it is easy 
to understand. When the mechanical switch is open, there is no base 
current. So, from rule 4, there is no collector current. The lamp is off. 
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See Ex. [1010], Horowitz Text at pp. 63. 
 

58. The operation and application of the transistor in the circuit would be 

customary to POSITA. Respectively, it would have been well within routine 

activities of a POSITA to design and implement specific transistor for common 

usage scenarios, including transistor performing as a switch. 

59. The operational amplifier (“op-amp”) is an electrical component, and a 

well-known building block for analog circuits to any Electrical Engineering 

undergraduate.  

The operational amplifier first came into existence as a basic building 
block in analog computers. It was referred to as operational because it 
was used to implement the mathematical operations of integration, 
differentiation, addition, sign changing, and scaling.  

 
See Ex. [1009], Nilsson Text at pp. 177-178. 

60. The circuit symbol for and op-amp below shows its five terminals as 

well as a simplified symbol indicating abbreviated terminal naming convention.  

 

  

See Ex. [1009], Nilsson Text at p. 179. 
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61. Perhaps the most basic circuits that can be implemented with the op-

amp are those of the inverting and non-inverting amplifiers. These amplifiers allow 

for signal gain as described below. 

  

See Ex. [1010], Horowitz Text at p. 178. 

62. For the case of the inverting amplifier the voltage gain is given by: 

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉 = −

𝑅𝑅2
𝑅𝑅1 

and for the case of the noninverting amplifier the voltage gain is given by: 

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉 = 1 +

𝑅𝑅2
𝑅𝑅1 

63. As can be seen above for the inverting amplifier the amplified signal is 

of opposite sign from the input signal. Furthermore, the gain is set by the selection 

of R1 and R2. 
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64. Along with these amplifiers, and as explained above in the Nilsson Text 

op-amps are used for mathematical operations. Two important examples of such 

circuits are the differential amplifier and the summing amplifier. 

 

See Ex. [1010], Horowitz at pg. 185. 

65. For the case of the summing amplifier the voltage gain is given by: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = −(𝑉𝑉1 + 𝑉𝑉2 + 𝑉𝑉3) 

and for the case of the differential amplifier the voltage gain is given by: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 =
𝑅𝑅2
𝑅𝑅1 (𝑉𝑉2 − 𝑉𝑉1) 

66. Thus, the use of such op-amp circuits and their implementation would 

be well known to POSITA. More specifically, it would have been well within the 

routine activities of a POSITA to design and implement application specific 

differential and/or summing amplifiers for a host of common usage scenarios 

including single processing and noise mitigation.  
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C. Active-Matrix Displays 

67. In 2006, there were many flat panel display technologies, including 

liquid crystal displays (LCDs) and organic light-emitting diode (OLED) displays.  

To enable those displays, particularly active-matrix display technologies, switches 

in the form of electronic transistors were well known, including a subcategory of 

transistors called thin-film transistors (TFT). See Ex. [1011], den Boer Text at p. 29-

39. It was known that an active-matrix display includes arrays of TFTs that worked 

with pixels, source (data) lines, and gate drivers.  See Ex. [1011], den Boer Text at 

39-43. As an example, it was known that an HDTV could have “1080x1920 pixels.”  

See Ex. [1011], den Boer Text at 176.  Therefore, in such a known device, there 

would be 6,220,800 pixels (1920×1080×3) that are actively controlled to create an 

image. 

68. It was also known to drive the pixels using a “TFT pixel array circuit 

(Fig. 2.17) [with] select buslines, data buslines, a TFT at each pixel, and a storage 

capacitor … at each pixel.”  See den Boer Text at 39-40.  The storage capacitor “acts 

as a buffer,” helping control gray level of pixels.  See Ex. [1011], den Boer Text at 

27, 39.  It was known that panels also include source drivers that use red-green-blue 

data to drive the columns of lines running vertically in the displays and provide the 

value of brightness required of each pixel.  The gate or row drivers select the rows 
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of lines running horizontally within the displays, and they turn on the switches within 

pixels of each row in a row-by-row succession.  See Ex. [1011], den Boer Text at p. 

93-98. 

D. OLED Pixel Circuits 

69. OLEDs are semiconducting devices comprised of organic materials that 

convert electrical energy to light, much like LEDs. In OLED displays, the individual 

pixels comprise OLEDs that are current-driven devices, which means that a given 

OLED’s brightness is set by a fixed current. See Ex. [1012], Han at p. 53. It was 

known that a pixel’s color and brightness are electronically adjusted by setting the 

current and therefore brightness of each pixel through the manipulation of TFT(s).  

For OLEDs to emit at a constant level the current must be kept constant.  

70. It was known that if any pixels had non-uniform characteristics, that 

could lead to dark dots, bright dots, and other undesirable characteristics in the 

display.  However, it was known that flat-panel displays are made with motherglass, 

in which microelectronics circuits (including the TFTs) are fabricated across several 

square meters of surface, and variations in electronic characteristics or properties are 

inevitable.  See Ex. [1012], Han at p. 53 (Introduction).  Because of known variations 

in the electronic characteristics across the motherglass and variations in the 

characteristics of TFTs, it was known to use compensation and calibration to adjust 
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for the variations.  See Ex. [1012], Han at p. 53 at Abstract (“A number of TFT active 

matrix pixel circuits have been developed in order to compensate for TFT parameter 

variations ….”), Introduction (“Poly-Si TFT pixel circuit should compensate the 

non-uniform characteristics of the current, which originate from the inherent process 

variation of the crystal growth in polycrystalline film.”). 

e) Voltage and Current Programming 

71. The conventional OLED drivers relied on 2 TFTs as shown below. 

 

See Ex. [1012], Han Article at Fig. 1(a).  

72. In this configuration transistor MP2 drives the current for the OLED, 

and transistor MP1 is a switch that samples and holds the voltage on the storage 

capacitor C1. It was known that variations in TFT threshold voltage and series 

resistances change the current output to the OLED and therefore change the display 

brightness. For example, Figure 1(b) of Han reports “brightness non-uniformity 

(17%) of the conventional 2-TFT pixel.” See Ex. [1012], Han at p. 54. To 
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compensate for this non-uniformity, current programming schemes have been 

developed. It was known that to compensate for variation in TFT threshold voltage 

and mobility, current programming was used for driving OLEDs. See Ex. [1012], 

Han at p. 53 (“The current programming pixel circuits can compensate mobility 

variation as well as threshold voltage variation”). It was known that using current-

programming, a current (as opposed to a voltage) is supplied to the pixel to charge a 

storage capacitor. A basic current-programming circuit (Fig. 5 of the Han) is shown 

below. In this circuit, the current IData charges capacitor C1 of the driving TFT until 

transistor MN2 can turn on. By using a current source IData to program the pixel, the 

current charging capacitor C1 remains constant even if there are variations in TFT 

threshold voltage or mobility. 
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See Ex. [1012], Han at Fig. 5. 

E. Op-Amps as Current Supplies 

73. It was well known that op-amp circuits could be used to build current 

sources for supplying loads such as OLEDs. The circuit shown in Figure 4.11A of 

the Horowitz Text is ordinary and well known and is often called a V-I (voltage-to-

current) converter, or equivalently, a voltage-controlled current source.  This circuit 

generates a current that easily adjustable by the user; the user chooses a value for 

resistor R, then sets the voltage Vin by some means, be it via a digitally-controlled 

DAC, a mechanically-adjustable potentiometer, or some other means. Thus, using 

this simple, well-known circuit, one can provide a well-defined, controllable current 

to a load, even if the impedance of that load is not known in advance or if it is likely 

to change over time.  Controllable current delivery with load-insensitivity is the key 

feature of this circuit. 

74. Furthermore, the concept of referencing the positive terminal input 

voltage of the op-amp via a resistive divider connected between VDD and ground was 

known. The delivery of current to a load via a FET device, with gate of said FET 

driven by an op-amp, is also disclosed as shown in Figure 4.11A of Horowitz. 
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See Ex. [1010], Horowitz Text at pg. 181. 

75. The Horowitz Text also teaches using an op-amp in feedback to control 

the gate voltage of a PFET, and thus control the current delivered to a load. In Figure 

4.11 B, teaches a means of using a FET to deliver current to a load that does not 

depend on the supply level, and is thus insensitive to possible supply fluctuations.   

 

 OVERVIEW OF THE PRIOR ART TO THE ’521 PATENT 

A. Hayafuji 

76. U.S. Patent Publication No. 2005/0190128 (“Hayafuji”) was filed on 

February 3, 2005, and published on September 1, 2005. As such, I understand that 

Hayafuji is prior art under §102(a).  

77. Hayafuji is directed to a drive device for a light emitting display panel. 

See Ex. [1006], Hayafuji at ¶ 0047, (“A drive device of a light emitting display panel 
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according to the present invention will be described below with reference to the 

embodiments shown in the drawings.”).  

78. Hayafuji discloses that the drive device and 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 represented by a DC-DC 

converter can be effectively reduced without increasing the circuit scale. See Ex. 

[1006], Hayafuji at ¶ 0047, (“a structure which is allowed to have ripple component 

supply means that the present invention is characterized, in a pixel structure of a 

conductance control method, similarly to the equivalent circuit shown in FIG. 2 

already described.”). 

79. Using a similar concept described in the ’521 Patent, Hayafuji explains 

that a circuit (see Ex. [1006], Hayafuji at FIG. 6) can be used to extract the ripple 

component Vri included in a drive voltage Va and provided to an input terminal of 

a voltage additional circuit 15 such that the gate voltage Vgate includes the voltage 

variations, which compensates for the variations. 
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See Ex. [1006], Hayafuji at FIG. 6. 

In the embodiment shown in FIG. 6, a ripple component extraction 
circuit 14 and a voltage addition circuit 15 are provided and are 
constituting the ripple component supply means. The ripple component 
extraction circuit 14 extracts a ripple component included in a drive 
voltage Va generated by the above-described DC-DC converter, and a 
ripple component Vri extracted by this ripple component extraction 
circuit 14 is supplied to one input terminal of the voltage addition 
circuit 15. The data voltage Vdata transmitted via the above-mentioned 
data line Bl is input to the other input terminal of the voltage addition 
circuit 15. 

 

See Ex. [1006], Hayafuji at ¶ 0048. 
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B. Kim 

80. U.S. Patent Publication No. 2005/0140600 (“Kim”) was filed on August 

16, 2004, and published on June 3, 2005. As such, I understand that Kim is prior art 

under §102(a). 

81. Kim is directed to a light emitting display that includes a plurality of 

data and select lines along with pixel circuits.  

In an exemplary embodiment of the present invention, a light emitting 
display includes a plurality of data lines for transmitting data voltages 
corresponding to video signals, a plurality of scan lines for transmitting 
select signals, and a plurality of pixel circuits. each said pixel circuit is 
coupled to a corresponding said data line to receive a corresponding 
said data voltage and a corresponding said scan line to receive a 
corresponding said select signal. 

 
See Ex. [1007], Kim at ¶ 0017. 
 

82. Kim further discloses that a transistor coupled between the power 

supply voltage and an OLED controls the current flowing into the OLED. See Ex. 

[1007], Kim at ¶ 0008. See also Ex. [1007], Kim at ¶ 0009, (“Accordingly, the 

current IOLED corresponding to a voltage VGS charged by the capacitor Cst between 

the gate and the Source of the transistor Ma flows through the transistor Ma, and the 

OLED emits light corresponding to the current IOLED .”). 

83. Kim explains that the voltage drop along the power supply line can 

degrade image quality. See Ex. [1007], Kim at ¶ 0013, (“when a voltage drop (IR-
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drop) is generated on a line for supplying the power supply voltage VDD, and the 

power supply voltage VDD applied to a plurality of pixel circuits is not uniform, a 

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

qualities.”). 

84. Kim further explains that the invention prevents the influence of power 

supply variations on display uniformity. 

In exemplary embodiments of the present invention, 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. 

 

See Ex. [1007], Kim at ¶ 0014. 

85. In one embodiment, shown below in FIG. 10, the video drive signal at 

A4 is referenced to the power supply voltage VDD. 
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See Ex. [1007], Kim at FIG. 10. 

 

C. Steer 

86. PCT application number WO2004034365A1 (“Steer”) was filed on 

September 15, 2003, and first published on April 22, 2004. As such, I understand 

that Steer is prior art under §102(a). 

87. Steer is directed to an active-matrix OLED display that may include 

OLEDs as the light emitting elements among others.  

This invention relates to electroluminescent display devices, 
particularly active matrix display devices having thin film Switching 
transistors associated with each pixel.  
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Matrix display devices employing electroluminescent, light-emitting, 
display elements are well known. The display elements may comprise 
organic thin film electroluminescent elements, for example using 
polymer materials, or else light emitting diodes (LEDs) using 
traditional III-V semiconductor compounds. 
 

See Ex. [1008], Steer at 1:6-14. 

88. Steer further discloses that a column driver provides voltage to the gate 

of a drive transistor to control the current through the OLED. 

When the address transistor 16 is turned on, a Voltage on the column 
conductor 6 can pass to the remainder of the pixel. In particular, the 
address transistor 16 Supplies the column conductor Voltage to a 
current source 20, which comprises a drive transistor 22 and a storage 
capacitor 24. The column Voltage is provided to the gate of the drive 
transistor 22, and the gate is held at this Voltage by the storage capacitor 
24 even after the row address pulse has ended. The drive transistor 22 
draws a current from the power supply line 26. 
 

See Ex. [1008], Steer 3:2-9. 

89. Steer discloses that variations along the power supply lines negatively 

affect display brightness. 

The significant row conductor resistance gives rise to Voltage drops is 
along the row conductors, and these Voltage variations along the power 
Supply line alter the gate-source voltage on the drive transistors, and 
thereby affect the bright ness of the display. Furthermore, as the 
currents drawn by the pixels in the row are image-dependent, it is 
difficult to correct the pixel drive levels by data correction techniques, 
and the distortion is essentially across talk between pixels in different 
columns. 

 
See Ex. [1008], Steer at 4:14-20 
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90. Furthermore, Steer explains that in embodiments of the present 

invention “the control line voltage can be controlled in closed loop manner to 

achieve the desired current.” See Ex. [1008], Steer at 5:13-15.   

91. In one embodiment, shown below in Figures 3 and 4, the power supply 

(VSUPPLY and line 26) is used to generate the video drive signal and the current drive 

voltage therefore rendering current drive voltage independent of the positive power 

supply.  
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See Ex. [1008], Steer at FIGS. 3-4. 

 
 ASSERTED GROUNDS OF INVALIDITY 

A. Grounds 1 and 2: Claims 1, 2, and 7 of the ’521 Patent are 
Anticipated or Rendered Obvious by Kim  

92. The figure below is an annotated reproduction of FIG. 4 of the ’521 

Patent illustrating the third embodiment. 
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See Ex. [1001], the ’521 Patent at FIG. 4 (annotated). 

a) 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:  

93. To the extent the preamble is limiting, 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 
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panel, the AMOLED display panel comprising a plurality of organic light emitting 

diode (OLED) pixel elements. 

94. Kim discusses a “conventional voltage programming-type pixel circuit 

for driving an organic EL element (OLED),” including the functionality and 

operation of the conventional implementations in the context of FIGs. 1-2. The 

concepts and functionality discussed in Kim and depicted in FIGs. 1-5 are applicable 

and relied upon for the detailed embodiments disclosed in the context of the 

subsequent figures. For example, Kim’s discussions of transistor Ma (corresponding 

to transistors M1/M11/M21/M31 in later embodiments), capacitor Cst 

(corresponding to capacitor C2 in later embodiments), voltage VGS (across 

transistors M1/M11/M21/M31), data line Dm, data voltage VDATA, and PPS voltage 

VDD, are all relevant to the disclosures of the embodiments starting at FIG.6A and 

beyond. See Ex. [1007], Kim at FIG. 2, FIG. 6A, FIG. 6B and FIG.  
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See Ex. [1007], Kim at FIG. 2, FIG. 6A, FIG. 6B and FIG. 10. (annotated). 

95. In all the above circuits the highlighted transistors have the same 

purpose, that of driving the OLED. 

96. Furthermore, aspects of the first detailed embodiment discussed in the 

context of FIG.6A are also referred to and relied upon by subsequent embodiments. 

See Ex. [1007], Kim at ¶ 0105, (“In the pixel circuit of FIG. 10, transistors M31, 

M32 and a capacitor Cst4 are connected together in substantially the same 
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relationship as the transistors M1, M2 and the capacitor Cst1 of FIG. 6A.”). 

Therefore, although the analysis below is primarily directed to Kim’s “fourth 

exemplary embodiment” corresponding to FIG. 10, the concepts and discussions 

regarding FIGs. 1-6A are generally pertinent to the fourth embodiment in Kim as 

well. 

97. Kim is directed to a light emitting display and driving method.  See Ex. 

[1007], Kim at ¶ 0005, (“The present invention relates to a light emitting display and 

a driving method thereof. More specifically, the present invention relates to an 

organic EL (electroluminescent) display.”). See also Ex. [1007], Kim at ¶ 0006, 

(“Methods for driving the organic emitting cells include a passive matrix method, 

and an active matrix method using TFTs (thin film transistors) or MOSFETs.”). 

98. Kim discloses among its embodiments a conventional voltage 

programmed pixel circuit for driving OLEDs. For example, FIG. 2 of Kim 

schematically describes a 2-transistor pixel circuit.  
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See Ex. [1007], Kim at FIG. 2  

99. The operation of this circuit is well known in the art and is further 

described by Kim: 

A transistor Ma coupled between the power supply voltage VDD and an 
OLED controls the current flowing to the OLED. A transistor Mb 
transmits a data line voltage to a gate of the transistor Ma in response to 
a select signal applied from a scan line Sn. A capacitor Cst coupled 
between a source and the gate of the transistor Ma is charged with the 
data voltage and maintains the charged state for a predetermined time. 

 
In detail, when the transistor Mb is turned on in response to a select 
signal applied to the gate of the switching transistor Mb, a data voltage 
from the data line Dm is applied to the gate of the transistor Ma. 
Accordingly, the current IOLED corresponding to a voltage VGS charged 
by the capacitor Cst between the gate and the source of the transistor Ma 
flows through the transistor Ma, and the OLED emits light 
corresponding to the current IOLED. 

 

See Ex. [1007], Kim at ¶¶ 0008-0009, 
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100. Kim further discloses that the display panel is comprised of a plurality 

of discrete pixels as shown in FIG. 3 of Kim. 

 

See Ex. [1007], Kim at FIG. 3.   

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 Dm, each extending in a column direction, a plurality of scan 
lines S1 through Sn, each extending in a row direction, and a plurality 
of pixel circuits 10. 

 

See Ex. [1007], Kim at ¶¶ 0045-46. See also FIG. 11. 

101. Finally, Kim discloses data and scan lines that are used to bias the pixel 

circuits. 
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The data lines D1 through Dm transmit data voltages that correspond to 
video signals to the pixel circuits 10, and the scan lines S1 through Sn 
transmit select signals for selecting the pixel circuits 10. 

 

See Ex. [1007], Kim at ¶ 46. 

 

The scan driver 200 sequentially applies select signals to the scan lines 
S1 through Sn, and the data driver 300 applies the data voltage that 
corresponds to video signals to the data lines D1 through Dm 

 

See Ex. [1007], Kim at ¶ 0047. 

102. A POSA would have recognized, consistent with FIG. 3 above, that 

because “data lines D1 through Dm transmit data voltages that correspond to video 

signals to the pixel circuits 10,” and also because, for example in FIG. 2 (which 

doesn’t include the additional video driver circuitry disclosed in Kim’s later 

embodiments), “data voltage from the data line Dm is applied to the gate of the 

transistor Ma,” and thus, “data voltage from the data line Dm” corresponds to the 

claimed video signal to be displayed on the AMOLED display panel.1 

103. To the extent not anticipated, a POSA would have found it obvious that 

the Kim system could receive a video signal and use that signal as the source for the 

 
1 Kim’s disclosure sometimes appears to use data line Dm and data voltage VDATA interchangeably without clarifying 
that “data voltage VDATA” is the actual signal transmitted along “data line Dm”. This is particularly apparent given that 
Kim’s figures always use “Dm” and not “VDATA”, whereas Kim’s equations always use “VDATA” and not “Dm”. A 
POSA would recognize, based on Kim’s disclosure, the “data voltage VDATA” which is transmitted along “data line 
Dm” is what specifically corresponds to the claimed video signal.  
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“video signals” explicitly discussed in Kim, as a POSA would understand this is 

most-logical way of using the Kim system. 

104. Therefore, 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 and thus discloses limitation [1-Pre] of the ’521 Patent. 

105. 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. 

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. 

See Ex. [1007], Kim at ¶ 0105 (“In the pixel circuit of FIG. 10, transistors M31, M32 

and a capacitor Cst4 are connected together in substantially the same relationship as 

the transistors M1, M2 and the capacitor Cst1 of FIG. 6A. The capacitor Cst4 has 

electrodes A4 and B4 similar to the electrodes A and B of the capacitor Cst1.”). 

Thus, a POSA would recognize the correspondence between, for example, transistor 

Ma (corresponding to transistors M1/M11/M21/M31 in later embodiments), 

capacitor Cst (corresponding to capacitor C2 in later embodiments), voltage VGS 
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(across transistors M1/M11/M21/M31), data line Dm, data voltage VDATA, and 

PPS voltage VDD, and would further recognize that Kim’s discussions of these 

related components are relevant to the components in other embodiments that they 

correspond to. Ex. [1007], ¶¶ 0073, 0105. The correspondence between these 

components, is also evident from their similar configurations in Figures 1, 6A, and 

10 reproduced below. Ex. [1007], Figs. 1, 6A, 10. 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.  

 

See Ex. [1007], Kim at FIG. 1. 
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See Ex.[1007], Kim at FIG. 6A. 

 

106. As an example, A POSA would have recognized that Fig. 6A of Kim 

introduces the concept of using a series capacitor Cst to provide the video drive 

signal to the gate of the drive transistor in the manner described below. A POSA 

would have implement this technique in the manner disclosed by, for example, Fig. 

10 by including capacitor C2 thus allowing for the OLED to emit for the entire frame 

period. 

 

 Samsung Display, Ex. 1015, p. 55 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 53 - 

  

See Ex.[1007], Kim at FIG. 10. 

[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 

107. Kim discloses 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. 

108. Regarding the claimed “video driver,” in the ’521 Patent’s third 

embodiment illustrated in FIG. 4 (annotated) reproduced below, the video driver 
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receives video signal Video.DAC and a clamp signal to turn off the OLED pixel, 

and outputs a VGS to drive the OLED pixel when it’s turned on. See Ex. [1001], the 

’521 Patent at 6:45-7:51. 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 video drive signal v(t). See Ex. [1001], the ’521 Patent 

at 6:50-60. 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 VGS 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. See Ex. [1001], 

the ’521 Patent at 6:50-60, FIG. 4 (annotated). 
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See Ex. [1001], the ’521 Patent at FIG. 4 (annotated). 

109. A POSA would have recognized that 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 Cst4 [which] has electrodes A4 and B4 similar to the 

electrodes A and B of the capacitor Cst1 [of FIG.6A],” and a “transistor M33.” 

Consistent with Kim’s FIG. 10 (annotated) and as discussed further below, a POSA 

would have understood that Kim’s capacitor Cst4 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 
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embodiment, Kim therefore discloses the claimed video driver (circuitry in green 

Video Driver annotation including Capacitor Cst4 and clamp transistor M33) in the 

same manner as in the ’521 Patent’s third embodiment. Ex. [1007], Kim at FIG. 10 

(annotated). 

 

See Ex. [1007], Kim at FIG. 10 (annotated). 

110. Regarding “receiving the video signal,” as discussed in Limitation [1-

Pre], Kim discloses that “data voltage from the data line Dm is applied to the gate of 
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the transistor Ma,” (see Ex. [1007], Kim at ¶ 0009) and that a POSA would have 

recognized that “data voltage from the data line Dm” corresponds to the claimed 

video signal.  

111. Regarding “generating a video drive signal indicative of the video 

signal,” Kim discloses “FIG. 10 shows a pixel circuit according to a fourth 

exemplary embodiment of the present invention.” See Ex. [1007], Kim at ¶ 0104, 

(“When the select signal from the previous scan line Sn-1 becomes low level, the 

transistors M33 and M34 are turned on, the power supply voltage VDD is applied to 

the first electrode A4 of the capacitor Cst4.” See also Ex. [1007], Kim at ¶ 0107, 

(“Next, the select signal from the present scan line Sn becomes low level, and the 

transistor M32 is turned on. Therefore, the voltage of the second electrode B4 of the 

capacitor Cst4 is changed to the data voltage, and the voltage of the first electrode A4 

of the capacitor Cst4 is changed by a voltage variation of the second electrode B4 of 

the capacitor Cst4. The voltage of the first electrode A4 of the capacitor Cst4 is given 

as Equation 11.”). See Ex. [1007], Kim at ¶¶ 0108, 0109 (“Equation 11”). 

𝑉𝑉𝐴𝐴4 = 𝑉𝑉𝐷𝐷𝐷𝐷 + ∆𝑉𝑉𝐵𝐵4 

= 𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

112. A POSA would have recognized that, as in the ’521 Patent’s third 

embodiment in which the claimed video drive signal is voltage v(t) 322 supplied to 
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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 Cst4 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.  

113. A POSA also would have recognized in Kim that because the “the 

voltage of the second electrode B4 of the capacitor Cst4 is changed to the data voltage 

[VDATA],” which causes “the voltage of the first electrode A4 of the capacitor Cst4 to 

be changed by a voltage variation of the second electrode B4 of the capacitor Cst4,” 

the resulting voltage of the first electrode A4 is necessarily “indicative” of the data 

voltage (VDATA). See Ex. [1007], Kim at ¶ 0108. This is also evident from Equation 

11 above, in which voltage VA4 is explicitly a function of data voltage VDATA. See 

Ex. [1007], Kim at ¶ 0109. Thus, a POSA would have recognized that Kim discloses 

a video drive signal (voltage of the first electrode VA4) indicative of the video signal 

(voltage VDATA). 

114. 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 
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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 Vclamp 

[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.” See Ex. [1001], the ’521 Patent at 6:48-7:8. Consistent with Kim’s 

FIG. 10 (annotated) and the discussion above, a POSA would have recognized that 

Kim’s fourth embodiment is similarly configured with voltage of the first electrode 

VA4 being “referenced to” PPS voltage VDD: “When… the transistors M33 and M34 

are turned on, the power supply voltage VDD is applied to the first electrode A4 of 

the capacitor Cst4.” See Ex. [1007], Kim at FIG. 10 (annotated), ¶ 0107.  

115. This is further illustrated below in a comparison between the ’521 

Patent and Kim. The arrows indicate the application of VDD to C1 (see Ex. [1001], 

’the 521 Patent at FIG. 4) and the application of VDD to Cst4 (see Ex. [1007], Kim 

at FIG. 10) via clamp transistors M3 and M33 respectively.  
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116. This is also evident from Equation 11 above, in which voltage VA4 is 

explicitly a function of PPS voltage VDD. See Ex. [1007], Kim at ¶ 0109. Thus, a 

POSA would have recognized that Kim discloses a video drive signal (voltage of the 

first electrode VA4)… referenced to a positive power supply voltage (PPS voltage 

VDD). 

117. Therefore, consistent with FIG. 10 (annotated) below, a POSA would 

have recognized that Kim discloses a video driver (circuitry in green Video Driver 

annotation including Capacitor Cst4 and clamp transistor M33) receiving the video 

signal (voltage VDATA) and generating a video drive signal (voltage of the first 

electrode VA4) indicative of the video signal (voltage VDATA) and referenced to a 

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

See Ex. [1007], Kim at FIG. 10 (annotated). 
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See Ex. [1007], Kim at FIG. 10 (annotated). 

[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, 

 

118. Kim discloses 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. 
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119. Regarding the claimed current driver coupled to at least one OLED 

pixel element, the current driver receiving the video drive signal and the positive 

power supply voltage, Kim explains that “In the pixel circuit of FIG. 10, transistors 

M31, M32 and a capacitor Cst4 are connected together in substantially the same 

relationship as the transistors M1, M2 and the capacitor Cst1 of FIG. 6A” which is 

reproduced below for reference. See Ex. [1007], Kim at ¶ 0105, FIG. 6A. 

 

120. See Ex. [1007], Kim at FIG. 6A. 
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121. Kim discloses that in FIG.6A, “The 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 VDD, 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. The reference voltage VSS 

is a voltage lower than the power supply voltage VDD. By way of example, the 

ground voltage can be used as the reference voltage VSS.” See Ex. [1007], Kim at ¶ 

0052. 

122. FIG. 10 of Kim discloses the pixel architecture of one embodiment of 

Kim.   

Transistor M31 is a current driver that is coupled to an OLED. 
Therefore, the power supply voltage VDD and the voltage of the first 
electrode A4 of the capacitor Cst4 are applied to both electrodes of the 
capacitor C2, and the capacitor C2 is charged. 

 

In this instance, the voltage charged in the capacitor C2 is given as 
Equation 12, and the corresponding current flows to the OLED. 

 

See Ex. [1007], Kim at 0110-0111. 

123. Thus, a POSA would recognize that Kim discloses a current driver 

(circuitry in blue Current Driver annotation below including transistor M31) coupled 

to at least one OLED pixel element (organic light emitting diode OLED), the current 

 Samsung Display, Ex. 1015, p. 66 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 64 - 

driver receiving the video drive signal (voltage of the first electrode VA4) and the 

positive power supply voltage (PPS voltage VDD). 

124. In the explanatory equations Kim describes the voltage at video drive 

signal A4 as a function of VDATA or the data voltage applied to Dm: 

𝑉𝑉𝐴𝐴4 = VDD + ∆𝑉𝑉𝐵𝐵4 = 𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

See Ex. [1007], Kim at ¶ 0109. 

125. The voltage applied to transistor M31 or VC2 is: 

𝑉𝑉𝐴𝐴4 = VDD + ∆𝑉𝑉𝐵𝐵4 = 𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

126. Regarding the current driver… providing a drive current to the at least 

one OLED pixel element, Kim continues “In this instance, the voltage charged in 

the capacitor C2 is given as Equation 12, and the corresponding current flows to the 

OLED.” See Ex. [1007], Kim at ¶¶ 0111, 0112(“Equation 12”). 

𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐷𝐷𝐷𝐷 − (𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) = 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

127. The current flowing through the OLED is set by the bias on transistor 

M31 by the gate-source voltage VGS (equal to VC2) and the transistor’s threshold 

voltage VTH: 

𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 (𝑉𝑉𝐺𝐺𝐺𝐺31 − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 

See Ex. [1007], Kim at ¶ 0113. 
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128. Therefore, according to FIG. 10 of Kim, the current flowing through 

the OLED is: 

𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 (𝑉𝑉𝐶𝐶2 − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 =

𝛽𝛽
2 ((𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 

See Ex. [1007], Kim at ¶ 0113. 

129. Thus, the current driver M31 receives a video drive signal VA4 which is 

applied to the gate and it receives VDD which is applied to the source. This sets the 

current provide to the OLED pixel element. 

130. Therefore, as explained above and consistent with the annotated version 

below of Figure 10, Kim discloses a current driver (circuitry including transistor 

M31 (annotated in light blue below)) coupled to at least one OLED pixel element 

(organic light emitting diode OLED), the current driver receiving the video drive 

signal (voltage of the first electrode VA4) and the positive power supply voltage 

(power supply voltage VDD) and providing a drive current (current flowing to the 

OLED, IOLED) to the at least one OLED pixel element and thus discloses limitation 

[1-B] of the ’521 Patent. 
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See Ex. [1007], Kim at FIG. 10 (annotated). 

[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. 

131. Kim discloses that the drive current being proportional to a current 

drive voltage being indicative of the video signal and independent of the positive 

power supply voltage. 

132. Regarding the claimed drive current being proportional to a current 

drive voltage, as discussed for Limitations [1-Pre] and [1-B], Kim explains that “In 
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the pixel circuit of FIG. 10, transistors M31, M32 and a capacitor Cst4 are connected 

together in substantially the same relationship as the transistors M1, M2 and the 

capacitor Cst1 of FIG. 6A.” See Ex. [1007], Kim at ¶ 0105, FIG.6A. 

 

See Ex. [1007], Kim FIG. 6A. 

133. Kim discloses “a data voltage from the data line Dm is applied to the 

gate of the transistor Ma. Accordingly, the current IOLED corresponding to a voltage 

VGS charged by the capacitor Cst between the gate and the source of the transistor 

Ma flows through the transistor Ma, and the OLED emits light corresponding to the 

current IOLED.” See Ex. [1007], Kim at ¶ 0009. “By way of example, the current that 

flows to the OLED is given in Equation 1.” See Ex. [1007], Kim at ¶ 0010. “As given 

in Equation 1, the current corresponding to the applied data voltage is supplied to 
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the OLED, and the OLED gives light corresponding to the supplied current.” See 

Ex. [1007], Kim at ¶ 0012. 

134. In this context, Kim explains for FIG. 10, “Therefore, the power supply 

voltage VDD and the voltage of the first electrode A4 of the capacitor Cst4 are applied 

to both electrodes of the capacitor C2, and the capacitor C2 is charged.” See Ex. 

[1007], Kim ¶ 0110. “In this instance, the voltage charged in the capacitor C2 is 

given as Equation 12, and the corresponding current flows to the OLED.” See Ex. 

[1007], Kim at ¶¶ 0111,0112(“Equation 12”). 

𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐷𝐷𝐷𝐷 − (𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) = 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

See Ex. [1007], Kim at ¶ 0112. 

135. The current flowing through the OLED is set by the bias on transistor 

M31 by the gate-source voltage VGS (equal to VC2) and the transistor’s threshold 

voltage VTH: 

𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 (𝑉𝑉𝐺𝐺𝐺𝐺31 − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 

See Ex. [1007], Kim at ¶ 0113. 

136. 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 FIG. 10 (annotated) below, the voltage across the gate 

and source (VGS) of transistor M31 that drives organic light emitting diode OLED is 
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also the same voltage across capacitor C2 (i.e., VC2=VGS31). Thus, consistent with 

FIG. 10 (annotated) below, a POSA would have understood the voltage across 

capacitor C2 (VC2=VGS31) as corresponding to the claimed current drive voltage.  

137. A POSA would therefore have recognized 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 IOLED corresponds to the claimed drive current. 

A POSA would also have recognized 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. Therefore, in the context of the ’521 Patent’s drive current 

being “proportional” to the current drive voltage, because the P-channel MOSFETs 

would operate in the same manner, a POSA would have understood that Kim’s 

current IOLED is also “proportional” to the gate and source (VGS), in the same manner 

as it is “proportional” in the ’521 Patent. 

138. Thus, a POSA would have recognized that Kim discloses the drive 

current (drain current Id) being proportional to a current drive voltage (gate-to-source 

voltage Vgs). 

139. Regarding the claimed current drive voltage being indicative of the 

video signal, as discussed for Limitation [1-A], Kim discloses the video drive signal 
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(voltage of the first electrode VA4) being indicative of the video signal (voltage 

VDATA). A POSA would have also understood that since voltage VGS31 is calculated 

based on voltage VA4, because voltage VA4 is “indicative” of voltage VDATA, voltage 

VGS31 must also be “indicative” of voltage VDATA. This is also evident from Equation 

12 above, in which the result of VA4 in Equation 11 is directly substituted into 

Equation 12. 

140. Thus, a POSA would have recognized that Kim discloses the current 

drive voltage (voltage VC2 (=voltage VGS31)) being indicative of the video signal 

(VDATA).  

141. Regarding the claimed drive current being… 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.” See Ex. 

[1007], Kim at ¶¶ 0014-0015. 

142. As discussed above, Kim explains for FIG. 10, “The current flowing to 

the OLED is given as Equation 13.” See Ex. [1007], Kim at ¶ 0113(“Equation 13”). 

𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 (𝑉𝑉𝐺𝐺𝐺𝐺31 − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 
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𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 ((𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 

143. “As can be seen from Equation 13, the current flowing to the OLED is 

substantially not influenced by the power supply voltage VDD.” See Ex. [1007], Kim 

at ¶ 0114.  

144. A POSA would have recognized that this is true because none of the 

parameters in this resulting equation are dependent on VDD (β “is a constant,” VTH31 

“is a threshold voltage at the transistor,” VDATA is “a data voltage from the data line 

Dm,” and Vsus is “a compensation voltage… differing from the power supply voltage 

VDD”). See Ex. [1007], Kim at ¶¶ 0009-0011,0071. The purpose of the compensation 

voltage VSUS is to modify the voltage that is applied to the drive transistor. The 

compensation voltage VSUS disclosed by Kim must be different from the power 

supply VDD otherwise no compensation can occur. See also Ex. [1007], Kim at ¶ 

0018, (“A voltage compensator receives the corresponding said data Voltage 

transmitted by the first switch and applies a compensated data voltage based on the 

corresponding said data voltage and the first power supply voltage to the first 

electrode of the transistor.”). 

145. This is clearly shown in the equations 11 and 12 of Kim. 

𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐷𝐷𝐷𝐷 − (𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) = 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 
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𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =
𝛽𝛽
2 (𝑉𝑉𝐺𝐺𝐺𝐺31 − 𝑉𝑉𝑇𝑇𝑇𝑇31)2 

146. A POSA would have understood that because Kim’s drive current is 

“not influenced” by the PPS voltage VDD it is therefore “independent of” the PPS 

voltage VDD.  

147. Therefore, as also consistent with FIG. 10 (annotated) below, a POSA 

would have recognized that Kim further discloses the drive current (IOLED) being… 

independent of the positive power supply voltage (PPS voltage VDD). See Ex. [1007], 

Kim FIG. 10 (annotated). 
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See Ex. [1007], Kim FIG. 10 (annotated). 

b) 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. 
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148. Kim discloses that 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. 

149. As described above Kim discloses a pixel circuit where transistor M31 

is biased by the VDD and video drive signal, VA4. This is also the voltage across 

capacitor C2. 

150. In the explanatory equations Kim describes the voltage at A4 as a 

function of VDATA, the data voltage on Dm: 

VA4 = 𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

151. Therefore, the power supply voltage VDD and the voltage of the first 

electrode A4 of the capacitor Cst4 are applied to both electrodes of the capacitor C2, 

and the capacitor C2 is charged. As shown in the equation above the video drive 

signal VA4 is indicative of the difference between positive power supply voltage and 

the video signal. 

152. Kim further discloses that the current drive voltage VC2 is: 

𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐷𝐷𝐷𝐷 − (𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆) = 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

or 

𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝐴𝐴4 
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153. Thus, the current drive voltage VC2 is indicative of the difference 

between the positive power supply 𝑉𝑉𝐷𝐷𝐷𝐷 and the video drive signal 𝑉𝑉𝐴𝐴4. 

154. Therefore, as described above and consistent with the annotated version 

below of Figure 10, Kim discloses that the current drive voltage (voltage VC2 (= 

voltage VGS31)) is indicative of the difference between (VC2 =VDD – VA4) the positive 

power supply voltage (power supply voltage VDD) and the video drive signal (voltage 

of the first electrode VA4) and thus discloses Claim 2 of the ‘521 Patent. 

 

 Samsung Display, Ex. 1015, p. 78 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 76 - 

See Ex. [1007], Kim FIG. 10 (annotated). 

c) 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. 

155. Kim discloses that 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. 

156. Claim 7 corresponds to the ’521 Patent’s third embodiment shown in 

FIG. 4 (annotated) below. See Ex.[1001], the ’521 Patent, 6:45-8:2, FIG. 4 

(annotated). 
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See Ex.[1001], the ’521 Patent FIG. 4 (annotated). 

157.  As discussed for Claim [2], Kim discloses the video drive signal 

(voltage of the first electrode VA4) being the sum of the positive power supply 

voltage (PPS voltage VDD) and the video signal (VDATA).  

VA4 = 𝑉𝑉𝐷𝐷𝐷𝐷 + 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆 

158. As shown in FIG. 10 of Kim, transistor M33 acts as a clamp transistor 

placed across positive power supply voltage VDD and the video drive signal VA4.  

This is the same configuration as transistor M33 in FIG. 4 of the ’521 Patent.  

 

 

See Ex. [1007], Kim at FIG. 10 and the ’521 Patent at FIG. 4 (annotated). 

159. A POSA would have understood 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. Thus, a POSA 
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would have recognized Kim’s circuitry including transistor M33 is a video clamp 

circuit. See Ex. [1007], Kim at FIG. 10 (annotated). 

 

See Ex. [1007], Kim at FIG. 10 (annotated).  

160. Therefore, as described above and consistent with the above annotated 

version of Figure 10, Kim discloses that 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 and 

thus discloses Claim 7 of the ‘521 Patent. 
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d) Responses to Specific Issues Raised by Mr. Credelle 

161. As described above at ¶¶ 92-160, it is my opinion that Kim discloses or 

renders obvious all the limitations of Claim 1, 2 and 7 of the ’521 Patent. 

162. Mr. Credelle opines that “[f]irst, the alleged video driver does not 

generate a video drive signal. Second, the identified compensation circuit (alleged 

video driver), which is part of the pixel circuit, is not a video driver because, in 

AMOLED displays, video drivers are distinct from pixel circuits. Third, the alleged 

video drive signal is not referenced to the positive power supply voltage.” See Ex. 

[2011], Credelle Second Declaration at ¶ 84. These three arguments break down into 

two categories, each category based on one of two technical opinions that Mr. 

Credelle has stated. 

163. The first category centers on Mr. Credelle’s opinion that “due to 

variations in VDD over time,” the VDD driving the pixel does not perfectly cancel 

out with VDD, the node to which the video drive signal is referenced.  See Ex. 

[2011], Credelle Second Declaration at ¶¶ 103-120. 

164. The second category centers on Mr. Credelle’s opinion that the circuitry 

from Kim that was mapped to the claimed video driver is not a “video driver,” based 

on various supposedly necessary functions. See Ex. [2011], Credelle Second 

Declaration at ¶¶ 92-102. 
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165. I disagree with Mr. Credelle’s opinions, as detailed below. 

Mr. Credelle’s Temporal Argument Would Apply 
Equally to All Embodiments of the ’521 Patent, And 
Would Exclude All Active-Matrix Displays From The 
Claims 

166. Mr. Credelle’s opinion that “due to variations in VDD over time,” the 

positive power supply voltage VDD that drives the pixel does not fully “cancel out” 

with the positive power supply voltage VDD used to generate the video drive signal, 

and therefore does not satisfy the “independent of” limitation, is incorrect. Ex. 

[2011], Credelle Second Declaration at ¶¶ 103-120. This stated functionality is a 

fundamental characteristic of any active-matrix display, including all of the 

embodiments of the ’521 Patent, and thus the ’521 Patent cannot require that all 

“variations in VDD over time” be cancelled out for a video drive signal to be 

considered “independent” of the positive power supply voltage. 

167. Mr. Credelle and I agree that that active-matrix displays generally 

operate in two phases: (1) a programming phase where the pixel is programmed 

(similar to a DRAM cell) with a brightness to be displayed for the current image 

frame held in a storage capacitor, and (2) an emission phase, where the pixel emits 

that programmed brightness until the next programming cycle (i.e., during the 

programming phase of other pixels). See Ex. [2011], Credelle Second Declaration at 

¶¶ 32-78. 
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168. Mr. Credelle argues that “VDD(t1) is a constant representing the value 

of VDD stored on the A4 electrode of capacitor Cst4 after,” or in other words, that 

the video drive signal programmed during the programming phase is a constant 

voltage referenced to the VDD existing at the time of programming. See Ex. [2011], 

Credelle Second Declaration at ¶¶ 103-110. Mr. Credelle then argues that “[t]he 

value of VA4 is therefore not referenced to the relevant power supply voltage that is 

applied to the source terminal of drive transistor M31 while current is supplied to 

the pixel, which is VDD(t),” or in other words, that the video drive signal is not 

referenced to the fluctuating VDD existing during the emission phase. See Ex. 

[2011], Credelle Second Declaration at ¶¶ 103-110. 

169. Mr. Credelle opines that this means that the drive current is not 

“independent of” the positive power supply. See Ex. [2011], Credelle Second 

Declaration at ¶¶ 111-120. 

170. This interpretation, however, would exclude all active-matrix display 

panels.  The ’521 patent is explicitly directed towards active-matrix display panels. 

For example, the ’521 Patent expressly points out that “[t]he present invention 

relates to a video driver for AMOLED displays,” and explains that the acronym 

AMOLED stands for an “active matrix organic light emitting diode.” Ex. [1001], the 

’521 Patent at 1:6-17, 3:8-10. Further, the ’521 claims recite the same requirements 
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for an “active matrix.” Ex. [1001], the ’521 Patent at Claims 1-8. For example, Claim 

1 begins with “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. [1001], the ’521 Patent at Claim 1. Claim 1 also 

includes elements requiring “referenced to a positive power supply voltage of the 

AMOLED display panel.” Ex. [1001], the ’521 Patent at Claim 1. Additionally, 

every dependent claim repeats that it is dependent on an “AMOLED display 

system.” Ex. [1001], the ’521 Patent at Claims 2-8. Consequently, there is no 

question that all of the claims and embodiments of the ’521 Patent are directed to 

active-matrix display panels, and will inherently be subject to the temporal effect 

Mr. Credelle identifies. Thus, Mr. Credelle cannot use his “variations in VDD over 

time” position as a basis for arguing that a video drive signal is not independent of 

the positive power supply voltage, since this would necessarily mean that none of 

the embodiments of the ’521 practice claim 1. Further, if Mr. Credelle’s position 

were correct, the claims would not make sense because all of the claims require an 

“active matrix” display panel, but his position would, at the same time, exclude all 

“active matrix” displays because they necessarily include this temporal aspect.  
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Mr. Credelle’s Attempt to Add a Temporal Distinction 
to the Voltage Source is Flawed 

171. Mr. Credelle opines that “due to variations in VDD over time, the value 

of VDD used to calculate VA4 is not the same value of VDD that is applied to the 

drive transistor,” and therefore “VA4 is not referenced to the positive power supply 

voltage.” See Ex. [2011], Credelle Second Declaration at ¶ 103. 

172. Based on this, Mr. Credelle rewrites the equations in Kim “[u]sing t1 

to indicate the short period of time during which VDD is applied to electrode A4 of 

capacitor Cst4 [i.e., the programming phase when the pixel is programmed with a 

brightness to be displayed for the current image frame held in a storage capacitor] 

and t to indicate the longer time period during which VDD is applied to the source 

terminal of drive transistor M31 and current is flowing to the OLED [i.e., the 

emission phase when the pixel emits the programmed brightness (during the 

programming phase of other pixels) until the next programming cycle].” See Ex. 

[2011], Credelle Second Declaration at ¶ 107.  

173. In his rewritten equations, Mr. Credelle tries to draw a distinction 

between the positive power supply voltage VDD that is received by the video driver 

during programming, which Mr. Credelle calls “VDD(t1),” and the positive power 

supply voltage VDD that is continuously received by the drive transistor M31, which 

Mr. Credelle calls “VDD(t).” See Ex. [2011], Credelle Second Declaration at ¶¶ 105-
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108. I’ll note that, for the conceptual distinction that Mr. Credelle is trying to argue, 

which is based on his division of VDD into distinct variables within the equations, 

a better representation of those variables would more clearly indicate the underlying 

crux of his position–that the VDD used to generate the “constant” programmed 

voltage is the VDD received by the video driver, and that the VDD used during the 

emission phase is the VDD received by the current driver. For example, a clearer 

representation of Mr. Credelle’s proposed divided variables might be, rather than his 

“VDD(t1),” to instead use “VDDVID” to indicate that it is the VDD voltage received 

by the video driver, and rather than his “VDD(t)” to instead use “VDDCUR” to 

indicate that it is the VDD voltage received by the current driver. (Regardless, I 

apply both versions to the discussion of Mr. Credelle’s positions below.) Mr. 

Credelle’s rewritten equations are shown below, where VA4 corresponds to the 

claimed video drive signal, and VC2 corresponds to the claimed current drive 

voltage. 

VA4 = VDD(t1) + ΔVB4 = VDD(t1) + VDATA - Vsus 

VC2 = VDD(t) – (VDD(t1) + VDATA - Vsus) 

Using the more informative representations VDDVID and VDDCUR, Mr. Credelle’s 

rewritten equations would be as follows. 

VA4 = VDDVID + ΔVB4 = VDDVID + VDATA - Vsus 
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VC2 = VDDCUR – (VDDVID + VDATA - Vsus) 

174. Mr. Credelle then argues that “[t]he modified equations above illustrate 

that VDD(t1) [VDDVID] is a constant representing the value of VDD stored on the 

A4 electrode” and that “[t]his is different than VDD(t) [VDDCUR], which is the value 

of VDD over time and that is connected to the source terminal of drive transistor 

M31.” See Ex. [2011], Credelle Second Declaration at ¶ 108. Mr. Credelle further 

states that “[t]he value of VA4 is therefore not referenced to the relevant power 

supply voltage that is applied to the source terminal of drive transistor M31” for the 

video drive signal in Claim [1-A], and for Claim [1-C] regarding the current drive 

voltage, “the VDC components in VDD(t1) [VDDVID] and VDD(t) [VDDCUR] cancel 

out but the differences in undesirable voltage variations between VDD(t1) [VDDVID] 

and VDD(t) [VDDCUR] do not.” See Ex. [2011], Credelle Second Declaration at ¶¶ 

108, 119. 

175. It appears that Mr. Credelle is essentially construing the claim term 

“independent of” to require that “variations over time” in the continuously 

fluctuating VDD(t) [VDDCUR] must also be reflected in the video drive signal. 

However, that construction necessarily results in a requirement that the programmed 

voltage for the pixel must somehow be continuously fluctuating even after it is 

programmed (i.e., during the emission phase), which does not make sense, and 
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which Mr. Credelle fails to even address, much less explain how or why this is 

purportedly necessary and/or implemented in an active matrix OLED display.  

176. Mr. Credelle makes this argument because Kim includes a storage 

mechanism (capacitor C2) to store the voltage each pixel is individually 

programmed with, the stored voltage “is a constant” based on the static value of 

VDD(t1) [VDDVID], whereas VDD(t) [VDDCUR] is continuously changing, and 

therefore, based on Mr. Credelle’s apparent construction, Kim does not satisfy the 

“independent of” limitation.  

177. As I argued above, this conclusion is incorrect, because it would 

exclude all embodiments of the ’521 Patent, which, if they are indeed implemented 

in AMOLED displays, would also include storage capacitors. It is well known, as 

can be seen in the ’521 Patent, that an “active matrix” “display panel contains many 

thousands of individual pixel drivers” which are each sequentially programmed at a 

specific point in time during the programming of a given video frame, with a stored 

voltage written to a storage mechanism (e.g., a capacitor) for that particular pixel. 

See Ex. [1001], the ’521 Patent at 1:13-21. A POSITA would understand that active 

matrix displays sequentially program many different pixels in a column or row with 

a stored voltage for each pixel for a full frame. Mr. Credelle indeed acknowledges 

this, stating “[b]ecause the OLED is light emitting, power must be supplied to the 
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OLED at each pixel and the current is controlled with an analog signal stored within 

the pixel circuit,” and further, one “feature of AMOLED active-matrix is the 

requirement for a power lead to each pixel that supplies current to the light emitting 

diode. As with AMLCDs, a pixel circuit is located at the intersection of rows and 

columns; the pixel circuit in its simplest format receives and stores data from the 

video driver onto a capacitor. The stored analog video voltage is applied to the gate 

of a driving transistor to module the current flowing to the OLED.” See Ex. [2011], 

Credelle Second Declaration at ¶¶ 18-19. Mr. Credelle confirmed in deposition that 

there must always be a capacitor to store the programmed voltage: “There always is 

a capacitor… there has to be some method to store information that can control the 

driving transistor during what’s called the emission period.” Ex. [1016], Credelle 

Deposition Transcript at 54:4-8. Therefore, if the display is an active-matrix display, 

each pixel is programmed initially, rather than driving each pixel continuously 

throughout an entire frame. This leads to a potential discrepancy between the power 

supply voltage and the stored, or programmed, video drive voltage.  

178. Thus, Mr. Credelle’s temporal position and construction is incorrect, 

because otherwise it would exclude all claims and embodiments of the ’521 Patent. 

Indeed, Mr. Credelle admitted that the ’521 Patent would specifically have a storage 

capacitor: “a person of skill in the art would know that there is additional circuitry 
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within the pixel…. as a minimum, there would be a switching transistor, like we saw 

in the previous discussion. And there would be some storage means, like a capacitor, 

that would store the information.” Ex. [1016], Credelle Deposition Transcript at 

68:3-13. As such, in any AMOLED display, including both the ’521 Patent and Kim, 

there will always be a potential difference between the specific power supply voltage 

used to program the pixel and the power supply voltage continuously driving the 

pixel. This is also clearly evident if you apply the same exact manipulation to the 

’521 Patent as Mr. Credelle that did to Kim. For example, the ’521 Patent states that 

the equations for its first embodiment are as follows: 

v(t) = VDD − Video.DAC   Eq. (5) 

Video.OLED = VDD – v(t) = VDD – VDD +Video.DAC  Eq. (6) 

Applying Mr. Credelle’s rewriting strategy here results in the same result that he 

reaches for Kim: 

v(t) = VDD(t1) − Video.DAC   Eq. (5) 

Video.OLED = VDD(t) – v(t) = VDD(t) – VDD(t1) +Video.DAC  Eq. (6) 

Or using the more informative representations VDDVID and VDDCUR: 

v(t) = VDDVID − Video.DAC   Eq. (5) 

Video.OLED = VDDCUR – v(t) = VDDCUR – VDDVID +Video.DAC  Eq. (6) 
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Thus, in the same exact manner as Kim, the ’521 Patent’s equations reach the same 

result of VDD(t1) [VDDVID] not cancelling out with VDD(t) [VDDCUR]. The other 

option for driving pixels is driving directly without using a programming phase as 

in a passive matrix display. As explained by Mr. Credelle: “Those operate by 

applying a voltage directly to the leads of the diode. And one can contemplate 

making a display by that manner, but you would have millions of wires” “But that's 

the idea. If you had a million-pixel display, you would have to have an individual 

wire coming out from every pixel to control it.” Ex. [1016], Credelle Deposition 

Transcript at 34:8-13, 36:1-4, 38:24-40:10. However, as noted by Mr. Credelle, if 

implemented in that manner,  “the performance is somewhat limited,” it “would 

certainly not be cost-effective,” and typical uses of passive matrix displays (e.g., 

billboard displays) are “very low resolution,” and therefore, “if you want to have 

high resolution like we are now used to with our -- our products, you need an active 

matrix.” Ex. [1016], Credelle Deposition Transcript at 34:24-36:5. In view of the 

above, the ’521 Patent cannot be a passive matrix implementation, at least because 

this would no longer constitute an active-matrix display panel, as is required in all 

of the ’521 Patent claims and embodiments.  

179. As Mr. Credelle interprets the claims incorrectly, his argument based 

on the incorrectly interpreted claims is also incorrect. That being the case, Kim 
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functions in the same manner as the embodiments of the ’521 Patent. Specifically, 

just like Kim, in the ’521 Patent, the claimed video driver would receive the positive 

power supply voltage VDDVID and output a video drive signal v(t) based on VDDVID, 

such that the stored voltage would also be based on the specific fluctuations present 

in VDDVID at the specific time that particular pixel is written. Additionally, as 

stated in Kim, Kim’s invention results in “the current flowing to the OLED” being 

“substantially not influenced by the power supply voltage.” See Ex. [1007], Kim at 

¶ 0114. As such, in an actual AMOLED display, including both Kim and the’521 

Patent, while the video driver is programming any other pixel during the emission 

phase, the pixel’s programmed voltage would continue to be based on what VDDVID 

was at the programming phase, whereas the VDDCUR driving the pixel would 

continue to fluctuate. Thus, it cannot be the case that VDDCUR and VDDVID 

continuously must be equal and fully and completely cancel out, as Mr. Credelle’s 

position and construction require. As such, both Kim and the ’521 Patent 

embodiments account for and expect whatever minimal change in power supply 

voltage may exist between the programming and emission phases. Therefore, if the 

’521 Patent claims cover any of the ’521 Patent embodiments, they must also cover 

Kim. 
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Kim Meets the Claims 

180. The third embodiment of the ’521 Patent expressly discloses the use of 

a storage capacitor and outlines the mathematical representation of both the video 

drive signal (“v(t)”) and the current drive voltage (“Video.OLED”), as shown below.  

v(t) = Vclamp + Video.DAC 

v(t) = VDC + Vdrift + Video.DAC 

and 

Video.OLED = VDD – v(t)  

Video.OLED = VDC + Vdrift + Vnoise – VDC – Vdrift – Video.DAC 

Video.OLED = Vnoise – Video.DAC  

See Ex. [1001], the ’521 Patent at 7:28-43. 

181. Similarly, the equations in the disclosure of Kim for calculating video 

drive signal (“VA4”) and the current drive voltage (“VC2”) are shown below.   

VA4 = VDD + ΔVB4 

VA4 = VDD + VDATA – Vsus 

and 

VC2 = VDD – (VDD + VDATA – Vsus)  

VC2 = VDATA - Vsus 

See Ex. [1007], Kim at ¶¶ 0109, 0112. 
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182. Notably, the supply voltage is absent in the equation for current drive 

voltage in both the ’521 Patent and the disclosure of Kim.  Indeed, the ’521 Patent 

and Kim both provide methods for cancelling the effect of VDD on the current drive 

voltage.  In the equations for the current drive voltage in both the ’521 Patent and 

Kim, VDD drops out of the final resulting equation. Further, the VDD that appears 

in the equations for video drive signal and current drive voltage are identical in the 

’521 Patent as well as in Kim. It is also important to note that the specification of the 

’521 Patent is similar to the claims in that it does not articulate, for the current drive 

voltage, which particular temporal portions of VDD it is “independent of.” To the 

contrary, the ’521 Patent specification discusses how “independent of” is satisfied if 

the circuit cancels any component of the variation in the power supply, including 

components such as noise, glitches, or voltage drifts. A POSA would understand that 

noise and glitches are high-frequency, transient phenomena, while a POSA would 

recognize voltage drifts as low-frequency, longer-term trends. See Ex. [1001], the 

’521 Patent at 1:32-39 (discussing “noise” and “drift”, noting “[b]oth…are 

undesirable”), 2:38-3:4 (“noise and drifts result in variations of the brightness…”), 

4:1-3 (“the display panel is no longer affected by power supply voltage fluctuations, 

noise or glitches”), 5:18-30 (describing “independent of” as meaning “any noise or 

DC drifts” are eliminated), 6:33-37 (describing “independent of” as meaning “any 
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noise or DC drifts” are eliminated); see also Ex. [1016], 109:22-112:13. 

Additionally, as shown in the equations for the third embodiment of the ’521 Patent 

as shown above, power supply noise is specifically part of the equation for the 

current drive voltage due to the temporal variance between the programming phase 

and the emission phase. Ex. [1001], the ’521 Patent at 7:9-51.  

183. As an additional matter, as discussed above, Mr. Credelle has admitted 

that storage capacitors would be present in the pixels of an active-matrix array of the 

’521, and a POSA would share this understanding.  This would not change the 

expected circuit operation.  I have illustrated how that capacitor would be connected 

in the annotated figure below. 
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See Ex. [1001], the ’521 Patent at FIG. 2 (annotated) 

184. The explicit inclusion of this capacitor would not change the equations 

describing the main function of this circuit, which is to deliver video drive signal 

𝑣𝑣(𝑡𝑡) to the gate of transistor M1.  The Op Amp circuit 102 effectively acts as a 

voltage source, and the gate capacitance of M1 and the added red capacitor above 

appear in parallel with this voltage source.  A circuit element appearing in parallel 

with a voltage source has no effect on the voltage signal output by that voltage 

source.  Additional parallel elements may demand more current from the voltage 

source, but ideal voltage sources are assumed to be able to provide as much current 

as is required to maintain their intended voltage output.  For the purposes of the ’521 

Patent, Op Amp circuit 102 may be considered an ideal voltage source.   Thus, the 

red capacitor, as an extra element in parallel with the voltage source created by Op 

Amp circuit 102 has no effect on the voltage 𝑣𝑣(𝑡𝑡) delivered to the gate of transistor 

M1.   

Kim teaches the claimed “video driver” 

185. Mr. Credelle opines that “the compensation circuit…located in the 

pixel circuit of Kim does not disclose the video driver of claim 1.” See Ex. [2011], 

Credelle Second Declaration at ¶ 102, see also, ¶¶ 85-102.  As a basis for this 

opinion, Mr. Credelle opines that “the claimed video driver of the ’521 patent is 
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necessarily separate and distinct from the pixel circuit.” See Ex. [2011], Credelle 

Second Declaration at ¶ 95.  This argument is based on supposed requirements 

regarding where within the system the video driver must exist, and I disagree with 

Mr. Credelle’s opinion on this subject.  

186. To start, the claims of the ’512 Patent are silent with regards to the 

location of the video driver within the system.  In an attempt to impart the 

requirement that the video driver must be “separate and distinct” from the pixel 

circuit, Mr. Credelle relies on a mapping argument to construe the claims of the ’521 

Patent. To this end, Mr. Credelle cites to the ’521 patent: 

The invention relates to video driver for AMOLED displays and, in 
particular, to a video driver for AMOLED displays that is capable of 
isolating the pixel circuit from power supply voltage variations.  
 

See Ex. [1001], the ’521 Patent at 1:6-10, (emphasis added by Mr. Credelle at Ex. 

[2011], Credelle Second Declaration at ¶ 94). 

187. Mr. Credelle interprets the word “isolating” as being related to physical 

separation, and uses this interpretation to argue that the circuitry identified in Kim 

as the video driver is not sufficiently “separate” from the pixel and display circuitry.  

I disagree that “isolating” as it is used in the above passage from the ’521 Patent is 

related to physical separation.  
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188. First, even if “isolating” were to be interpreted as meaning “separate 

and distinct,” “isolating” is not present in claim language, and I understand that it is 

improper to import such a requirement into the claims, especially from a simple 

mention of it “isolating” in the specification’s field of the invention. 

189. Second, this isolating construction runs counter to the specification of 

the ’521 Patent. 

In FIGS. 2-4, the video drivers are shown as being formed outside of 
the AMOLED display panel 30. The embodiments in FIGS. 2-4 are 
illustrative only and are not intended to require the video driver to be 
formed outside of the AMOLED display panel. 

See Ex. [1001], the ’521 Patent at 7:62-66.  
 

When the video driver of the present invention is incorporated in an 
AMOLED display panel, the display panel is no longer affected by 
power supply voltage fluctuations, noise or glitches. 

See also id. at 3:67-4:3. 
 
The video driver of the present invention can be integrated on the same 
integrated circuit with the current driver and the OLED pixel elements 
of the AMOLED display panel. 

See also id. at 7:59-62 

 
190. Therefore, there is no structural reason why the claimed “video driver” 

could not be integrated with the claimed “display panel.” 
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191. Further, in my First Declaration dated 3/24/23 and above, I did not 

identify the video driver and the display panel as the same components. Instead, I 

identified the EL display panel 100 of Kim, which includes a plurality of pixel 

circuits 10, as the claimed “display panel,” and identified specific circuitry in Figure 

10 of Kim as the claimed “video driver” and “current driver.”  

192. Finally, assuming that “isolating” could read into the claims, and 

instead that “isolation” refers to electrical isolation rather than physical isolation, 

Mr. Credelle’s discussion as to how “isolation” translates into “separate and distinct” 

is still conclusory. Specifically, Mr. Credelle states “Petitioner has admitted that the 

specification refers to ‘electrical isolation’ of the pixel circuit. Therefore, [] the 

claimed video driver of the ’521 patent is necessarily separate and distinct from the 

pixel circuit… Otherwise, if the video driver was part of the pixel circuit, it would 

be impossible for the ‘video driver’ to ‘isolat[e] the pixel circuit.’” See Ex. [2011], 

Credelle Second Declaration at ¶ 95 (citations omitted). But Mr. Credelle provides 

no explanation of how or why “electrical isolation” necessarily means “separate and 

distinct,” nor is it explained why “it would be impossible” to achieve said electrical 

isolation “if the video driver was part of the pixel circuit”, particularly where the 

references expressly state that they solve the problem of pixel current being 

dependent on power supply variations. Cf Ex. [2011], Credelle Second Declaration 
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at ¶ 95 with Ex. [1007], Kim at ¶¶ 0114, 0123; Ex. [1006], Hayafuji at ¶¶ 0025-0028, 

0075, 0082; Ex. [1008], Steer at 3:17-21, 4:14-27. 

193. Mr. Credelle further opines that the embodiments of the ’521 Patent 

that point to the video driver being integrated with other components does not 

“eliminate the requirement that the claimed video driver be distinct from the pixel 

circuits.” See Ex. [2011], Credelle Second Declaration at ¶ 100. 

194. As one example, Mr. Credelle cites den Boer as illustrating a “source 

driver IC,” which Mr. Credelle refers to “video driver,” even though the term “video 

driver” does not appear in den Boer. See Ex. [2011], Credelle Second Declaration at 

¶¶ 86, 100; Ex. [1011], den Boer Text at pp. 95-104. I also note that the technology 

discussed in den Boer is strictly concerning active-matrix liquid crystal displays 

(AMLCD), a transmissive display technology, whereas the ’521 Patent concerns 

active matrix organic light emitting diode displays (AMOLED), an emissive 

technology, and that AMLCDs and AMOLEDs operate in a different manner from 

each other. 

195. Mr. Credelle then states that “generating a video drive signal requires 

taking a usually digital video signal and (1) shifting, (2) converting to analog, and 

(3) amplifying the voltage,” pointing to den Boer’s “source driver” for support. From 

there, Mr. Credelle asserts that these features from den Boer must be incorporated 
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into the claims of the ’521 Patent, regardless of the claim language being silent on 

these features. See Ex. [2011], Credelle Second Declaration at ¶¶ 86-88.  

196. Mr. Credelle, using his own definition of “video driver,” further argues 

that the “video driver of Kim does not perform these functions in creating the alleged 

video drive signal,” “does not increase the voltage from the logical level of the video 

source to the level of the display,” “does not have the components needed to drive 

current onto the column data lines,” and that “[w]ithout an amplifier, the alleged 

video driver within the pixel array is unable to generate the claimed video drive 

signal.” See Ex. [2011], Credelle Second Declaration at ¶ 89.  

197. Mr. Credelle opines that the “video drive signal” is actually produced 

by Kim’s “data driver 300” and therefore, the circuitry identified by the Petition as 

the claimed video driver merely “receives a video drive signal” and “does not 

generate” a video drive signal, as required. Ex. [2011], Credelle Second Declaration 

at ¶ 90-91. 

198. There is no intrinsic support for this argument, with Mr. Credelle basing 

it entirely on extrinsic sources for this newly-invented series of purported claim 

requirements.  

199. After determining his own claim requirements, the only connection Mr. 

Credelle makes between the ’521 Patent and this new framework is “[c]onsistent 
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with the understanding of a POSITA, the ’521 patent describes generating a video 

drive signal as, among other things, receiving a video signal from a video source, 

such as an image processor, and shifting it ‘to bring the DC range of the analog 

video signal to within the range of the AMOLED display panel.’” See Ex. [2011], 

Credelle Second Declaration at ¶ 87 (citing Ex. [1001], the ’521 Patent at 1:56-2:12) 

(emphasis added to the quoted specification language). Mr. Credelle cherry-picks 

this partial quote and omits the context of what is being discussed, which is the prior 

art system in Figure 1—which does not include the claimed video driver. Further, 

the configuration in Figure 1 would not even satisfy Mr. Credelle’s new 

framework—not only do Mr. Credelle’s required steps occur in the wrong order 

(DAC conversion comes before the “shifting”), but there is also no operational 

amplifier which, as discussed below, is now also required according to Mr. Credelle. 

200. Furthermore, Mr. Credelle fails to link the den Boer discussion to the 

claim term at issue here. The term “video driver” is not found in den Boer at any 

point. Den Boer was relied upon in the Petition to show how storage capacitors were 

pertinent to active-matrix displays. Mr. Credelle points to den Boer at a point that is 

describing a “source driver IC,” and does not define “video drivers” at all, much less 

the claimed video drivers of the ’521 Patent. Indeed, a POSITA would understand 

that the claimed “video driver” was applicant’s purported invention, with the 
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functionality described in the specification/claims, and would not look to extrinsic 

sources to understand its meaning.  

201. Then, assuming that Mr. Credelle’s new framework was correct or 

relevant, each and every prior art reference in the Petition’s invalidity grounds 

performs those same functions.  For instance, Kim’s data driver 300 is one example 

of a component that performs the functions Mr. Credelle alleges are required and 

therefore must be part of the claimed video driver based on the imported claim 

requirements.  As such, Kim would still read onto the claims by combining Kim’s 

data driver 300 together with the previously-identified circuitry as part of the 

claimed “video driver.”  Notably, Mr. Credelle agrees that Kim already discloses the 

claimed video drive signal: “What I say in Kim is that the video drive signal is what's 

shown on the -- the data line… So I am not saying it doesn't have one.” Ex. [1016], 

117:23-118:8. 

202. Additionally, again assuming that Mr. Credelle’s new framework were 

correct or relevant, the claimed video driver itself wouldn’t perform all of the newly 

required steps. As explained throughout the specification of the ’521 Patent, the 

signal received by the claimed video driver already an analog video signal, where “a 

video driver 102 is incorporated in an AMOLED display system 100 for receiving 

input video signals Video.DAC from a video source 12 and providing a modified 
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video drive signal v(t) for driving the current driver 34,” and “video source 12, such 

as an image processor, provides a source of analog video signals Video.DAC.” See 

Ex. [1001], the ’521 Patent at 4:9-18. Mr. Credelle also agreed that the video signal 

Video.DAC is an analog signal. Ex. [1016], 133:10-134:4. Thus, in Mr. Credelle’s 

new definition of “video driver,” “converting to analog” has already taken place 

prior to the video driver of the ’521 Patent. 

203. Finally, again assuming that Mr. Credelle’s new framework were 

correct or relevant, Mr. Credelle’s explanation and application of “amplifying” is 

contrary to how a POSITA would understand such a requirement and wouldn’t be 

satisfied by the ’521 embodiments. Essentially, Mr. Credelle introduces the 

requirement of “amplifying” and then relies on that term to invoke a requirement 

that the video driver must include an operational amplifier to satisfy the claims. In 

any case, it still fails as explained below.  

204. Claim 1 of the ’521 Patent does not recite “an amplifier,” while 

dependent Claims 3, 4, 6 and 8 do. Construing the term “video driver” to require an 

“amplifier” would improperly render the “amplifier” recited in claims 3, 4, 6, and 8 

superfluous.  

205. Additionally, the ’521 specification clearly states that amplification in 

the video driver is not required: “In the video driver 102, resistors 105 to 108 can 
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have the same or different resistance values. When the resistance values of resistors 

105 to 108 are the same, the differential instrumentation amplifier has unity gain. If 

some gain or attenuation is desired, then different resistance values for resistors 105 

to 108 can be used.” See Ex. [1001], the ’521 Patent at 5:30-36; see also id., 6:38-

44 (same). Additionally, if Mr. Credelle’s new framework requires an amplifier to 

generate the video drive signal based on the power supply voltage VDD, the third 

embodiment of the ’521 Patent fails to satisfy that as well. In that embodiment, the 

“amplifier 306” simply uses VDD to power the op amp itself, and does not use VDD 

as an input to generate the video drive signal. 

B. Ground 3: Claims 1 and 2 of the ’521 Patent are Anticipated by 
Hayafuji  

206. The figure below is an annotated reproduction of FIG. 2 of the ’521 

Patent illustrating the first embodiment. 
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See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 

a) 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:  

207. To the extent the preamble is limiting, Hayafuji 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. 
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208. Hayafuji discloses a display panel using OLEDs (See Ex. [1006], 

Hayafuji at ¶ 0004) with an active matrix driving scheme.  

A display employing a display panel constructed by arranging light 
emitting elements in a matrix pattern has been developed widely, and 
as the light emitting element employed in such a display panel, for 
example, an organic EL (electroluminescent) element in which an 
organic material is employed… 

 

See Ex. [1006], Hayafuji at ¶ 0004. 

A drive device of a light emitting display panel according to the present 
invention which has been developed to solve the problems is a drive 
device of an active matrix type light emitting display panel in which a 
large number of light emitting display pixels at least provided with a 
light emitting element and a light emission drive transistor which is 
connected in series to the light emitting element in order to drive and 
allow the light emitting element to emit light are arranged… 

 

See Ex. [1006], Hayafuji at ¶ 0029. 

209. Hayafuji further discloses a video signal that is supplied to the display 

panel. See Ex. [1006], Hayafuji at ¶ 0013, (“[a] video signal displayed in the light 

emitting display panel 2 is supplied to a light emission control circuit 4 shown in 

FIG. 1. This light emission control circuit 4 converts an input video signal to 

corresponding pixel data for each one pixel.”). 

210. Hayafuji also discloses that a gate voltage, based on the video signal is 

applied to a drive transistor to supply current to an OLED. See Ex. [1006], Hayafuji 
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at ¶ 0024, (“the gate voltage Vgate based on the video signal is supplied to the gate 

of the drive transistor Tr2.”). 

211. Finally, Hayafuji explains “[a] drive device of a light emitting display 

panel… FIG. 6 shows a first embodiment of a drive device according to the present 

invention…. In the equivalent circuit of a pixel shown in FIG. 6, parts which 

perform the same functions as those of the respective parts shown in FIG. 2 are 

designated by the same reference characters, and detailed description thereof will be 

omitted.” See Ex. [1006], Hayafuji at ¶ 0047. See also Ex. [1006], Hayafuji at ¶ 

0048, (“In the embodiment shown in FIG. 6, … data voltage Vdata transmitted via 

the above-mentioned [FIG.1] data line B1 is input to the other input terminal of the 

voltage addition circuit 15.”).  

212. Though, FIG. 1 of Hayafuji shows a “video signal” going into light 

emission control circuit 4 there is also a video signal exiting data driver 5, referred 

to by Hayafuji as Vdata. Hayafuji further discloses that a gate voltage, based on the 

video signal is applied to a drive transistor to supply current to an OLED. See Ex. 

[1006], Hayafuji at ¶ 0024, (“the gate voltage Vgate based on the video signal is 

supplied to the gate of the drive transistor Tr2.”). 

213. Regarding the “data voltage Vdata transmitted via the above-mentioned 

data line B1,” Hayafuji explains “data voltage Vdata [] corresponds to a write data 
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from the data line B1” and “data voltage Vdata transmitted via the above-mentioned 

data line B1 is equivalently output from a D/A converter.” See Ex. [1006], Hayafuji 

at ¶¶ 0009, 0051. 

214. When looking to the ’521 Patent the claimed video signal, Video.DAC 

is an input to the driver circuit. See Ex. [1001], the ’521 Patent at FIG. 1. A POSA 

would have recognized that the acronym DAC in the “Video.DAC” signal is also a 

digital to analog converted signal just as that of the D/A converter disclosed in 

Hayafuji.  

215. Additionally, the video signal of the ’521 Patent feeds one sole pixel 

just as the Vdata signal of Hayafuji. 

 

 

See Ex. [1001], the ’521 Patent at FIG. 2 (annotated to show the video signal). 
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See Ex. [1006], Hayafuji at FIG. 1, FIG. 6 and FIG. 7 (annotated to show the video 
signal). 
 

216. Finally, Vdata of Hayafuji is also an analog signal just as in the ’521 

Patent, and thus corresponds to the claimed video signal. See Ex. [1001], the ’521 

Patent at 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.”).  
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217. Therefore, Hayafuji 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. 

[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 

218. Hayafuji discloses 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. 

219. As illustrated below in FIG.6 (annotated), Hayafuji discloses a video 

driver (extraction circuit 14 and voltage addition circuit 15 in green annotation 

below) receiving the video signal (data voltage Vdata) and generating a video drive 

signal (gate voltage Vgate) indicative of the video signal (data voltage Vdata) and 

referenced to a positive power supply voltage (drive voltage Va) of the AMOLED 

display panel. See Ex. [1006], Hayafuji at FIG.6 (annotated); see also Ground 3, 

Claim [3] (further supporting this analysis in the context of FIG. 10). 
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See Ex. [1006], Hayafuji at FIG.6 (annotated). 

220. As an initial matter, the ’521 Patent does not define the term 

“referenced to.”  Furthermore, throughout the specification the term appears to 

connote four possibilities.  

1) A direct connection between a component and a voltage signal: 

In most AMOLED display panels, the current driver is implemented so 
that the current driver 34 is referenced to the positive power supply 
voltage VDD (node 24) of the display system 10.  
 

See Ex. [1001], the ’521 Patent at 2:20-23. 
 
The current that passes through transistor M2 is put through resistor 
206 which is referenced to the power supply voltage VDD.  
 

Id. 5:63-65 
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2) An indirect connection between multiple voltage signals  

In the conventional AMOLED display system, the video drive signal 
v(t) is a signal that is referenced to the ground voltage (node 16)... 
Basically, the analog signal Video.DAC is referenced to ground and the 
VDC voltage level is added to offset the video signal to the power 
supply voltage VDD.  
 

Id. 2:1-14 
 

In accordance with the principles of the present invention, a video 
driver for an AMOLED display system generates a video drive signal 
that is referenced to the positive power supply voltage of the display 
panel. 
 

Id. 3:55-58 

 
3) A voltage difference: 

Voltage Video.OLED is referenced to the power supply voltage VDD and 
is given as: Video.OLED = VDD-v(t). 
 

Id. 2:34-37 

4) Driver functionality: 

However, in accordance with the present invention, the positive input 
terminal 109 of opamp 104 is connected through resistor 108 to the 
power supply voltage VDD instead of the ground voltage so as to 
realize the re-referencing function of video driver 102. 

Id.  4:55-60. 
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221. Based on these disparate uses a POSA would have understood that 

claim terms should be based on the intrinsic record, and would therefore approach 

the claimed “referenced to” requirement as having its plain and ordinary meaning in 

the context of the ’521 Patent and the manner in which it is used therein, including 

all of the examples described above.  

222. Hayafuji discloses an invention to solve drive device problems by 

measuring and supplying the ripple current component to the drive transistor gate. 

A drive device of a light emitting display panel according to the present 
invention which has been developed to solve the problems is a drive 
device of an active matrix type light emitting display panel in which a 
large number of light emitting display pixels at least provided with a 
light emitting element and a light emission drive transistor which is 
connected in series to the light emitting element in order to drive and 
allow the light emitting element to emit light are arranged, 
characterized by comprising ripple component supply means for 
supplying a ripple component having approximately the same phase 
and amplitude as those of a ripple component which is supplied to the 
source electrode of the light emission drive transistor to the gate 
electrode of the light emission drive transistor. 

 

See Ex. [1006], Hayafuji at ¶ 0029. 

223. Hayafuji further teaches that “[t]he ripple component extraction circuit 

14 extracts a ripple component [Vri] included in a drive voltage Va generated by the 

above-described DC-DC converter, and a ripple component Vri extracted by this 

ripple component extraction circuit 14 is supplied to one input terminal of the 
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voltage addition circuit 15. The data voltage Vdata transmitted via the above-

mentioned data line B1 is input to the other input terminal of the voltage addition 

circuit 15.” See Ex. [1006], Hayafuji at ¶ 0048.  

224. Hayafuji explains that “in the voltage addition circuit 15, treating the 

data voltage Vdata as a base, the ripple component Vri 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.” See Ex. [1006], 

Hayafuji at ¶ 0049. 

225. According to Hayafuji “the data voltage Vdata transmitted via the above-

mentioned data line B1 is [] output from a D/A converter.” See Ex. [1006], Hayafuji 

at ¶ 0051. The “data voltage Vdata” is shown in FIG. 6 (annotated) above.  

226. Thus, a POSA would have recognized that “data voltage Vdata 

transmitted via the above-mentioned data line B1” corresponds to the claimed video 

signal. 

227. Therefore, Hayafuji discloses 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. 
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[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, 

228. Hayafuji discloses 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. 

229. As illustrated in FIG.6 (annotated) below, Hayafuji discloses a current 

driver (circuitry including light emission drive transistor Tr2 (see light blue 

annotation in FIG.6 below)) coupled to at least one OLED pixel element (organic 

EL element E1), the current driver receiving the video drive signal (gate voltage 

Vgate) and the positive power supply voltage (drive voltage Va) and providing a drive 

current (drain current Id) to the at least one OLED pixel element. See Ex. [1006], 

Hayafuji at FIG.6 (annotated). 
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See Ex. [1006], Hayafuji at FIG. 6 (annotated). 

230. Hayafuji discloses that drive transistor Tr2 receives a drive power 

source Va, a gate voltage Vgate based on the video signal and is connected to the 

element E1. 

In the embodiment shown in FIG. 6, a ripple component extraction circuit 14 
and a voltage addition circuit 15 are provided and are constituting the ripple 
component supply means. The ripple component extraction circuit 14 extracts 
a ripple component included in a drive voltage Va generated by the above-
described DC-DC converter, and a ripple component Vri extracted by this 
ripple component extraction circuit 14 is supplied to one input terminal of the 
voltage addition circuit 15. The data voltage Vdata transmitted via the above-
mentioned data line Bl is input to the other input terminal of the voltage 
addition circuit 15. 
 
Accordingly, in the voltage addition circuit 15, treating the data voltage Vdata 
as a base, the ripple component Vri extracted by the ripple component 
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extraction circuit 14 is added to the base. The output thereof as Vgate is 
supplied to a scan selection transistor Trl represented by reference character 
SWl, and the Vgate is supplied to the gate of a light emission drive transistor 
Tr2 by the turning on of the transistor Trl during the addressing time and is 
written in a capacitor Cs. 

 
See Ex. [1006], Hayafuji at ¶¶ 48-49. 
 

231. Hayafuji also teaches that “drain current Id which drives and allows the 

organic EL element E1 to emit light 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.” See Ex. [1006], 

Hayafuji at ¶ 0021. 

232. The term error is commonly used to connote a difference in analog 

circuits. For example, a differential amplifier can be referred to as an error amplifier. 

See Ex. [1010], Horowitz Text at pg. 309, (“Q11 and Q12 form the differential 

amplifier (sometimes called the “error amplifier,” thinking of the whole thing as an 

exercise in negative feedback), a classic long-tailed pair with emitter current source 

Q13.”). 

233. Therefore, a POSA would have understood that the term “error,” as 

used in Hayafuji, means the “difference” between drive voltage Va and the gate 

voltage of drive transistor Tr2. This is consistent with the context it is used in, as 
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well as the use of “error” in mathematics to refer to a difference between 

measurements. 

234. Therefore, Hayafuji discloses 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. 

235. Hayafuji discloses that the drive current being proportional to a current 

drive voltage being indicative of the video signal and independent of the positive 

power supply voltage. 

236. Regarding the clause a “drive current being proportional to a current 

drive voltage,” the ’521 Patent describes that “current driver 34 includes a PMOS 

transistor M1 having… its gate terminal connected to receive the video drive signal 

v(t),” that “[c]urrent driver voltage Video.OLED is the voltage applied to the current 

driver 34 and determines the value of drive current ID to be applied to the OLED 

pixel element of the display panel,” and that “Video.OLED = VDD − v(t).” See Ex. 

[1001], the ’521 Patent at 2:31-36. Hayafuji discloses a similar driver voltage across 

the terminals of “a P-channel type light emission drive transistor Tr2,” resulting in 
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“current Id which drives and allows the organic EL element E1 to emit light…”. See 

Ex. [1006], Hayafuji at ¶¶ 7, 21. Hayafuji 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. 

237. A POSA would have understood that Hayafuji’s gate-to-source voltage 

Vgs across drive transistor Tr2 corresponds to the claimed current drive voltage, and 

that Hayafuji’s drain current Id corresponds to the claimed drive current. A POSA 

would also have recognized that because Hayafuji’s drive transistor Tr2 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. Therefore, in the context of the ’521 Patent’s drive current being 

“proportional” to the current drive voltage, because the P-channel MOSFETs would 

operate in the same manner, a POSA would have understood that Hayafuji’s drain 

current Id is also “proportional” to the gate-to-source voltage Vgs. 

238. The ’521 Patent does not discuss or give any specific meaning to the 

term “proportional.” Furthermore, it does not provide any specifics related to the 

operation of PMOS transistor M1. For example, it does not disclose the geometry, 

oxide capacitance or mobility. These values would set the current ID based on the 
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applied bias voltages (gate-to-source and drain-to-source). See Ex. [1010], Horowitz 

Text at pg. 121. 

239. Thus, a POSA would have understood the term “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. 

240. Thus, a POSA would recognize that Hayafuji discloses the drive current 

(drain current Id) being proportional to a current drive voltage (gate-to-source 

voltage Vgs). 

241. Regarding the clause “current drive voltage being indicative of the 

video signal,” as discussed above for Ground 3, Limitation [1-A], Hayafuji discloses 

that the video drive signal (gate voltage Vgate) is indicative of the video signal (data 

voltage Vdata). As such, a POSA would have recognized that because Hayafuji’s (1) 

drain current Id is based on the gate-to-source voltage Vgs as discussed above, (2) 

gate-to-source voltage Vgs is necessarily based on gate voltage Vgate (“gate” being the 

“g” in “Vgs”), and (3) gate voltage Vgate is indicative of the data voltage Vdata, that 

therefore, Hayafuji’s drain current Id is also necessarily based on gate voltage Vgate. 

Thus, a POSA would have recognized that Hayafuji discloses the current drive 

voltage (gate-to-source voltage Vgs) being indicative of the video signal (data voltage 

Vdata). 
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242. Regarding the clause a “drive current being… independent of the 

positive power supply voltage,” as a preliminary matter, a POSA would have 

understood that what the claimed drive current is “independent of” are the variations 

in the PPS voltage VDD, not from the PPS voltage VDD itself. This is necessarily 

true because the drive current can only exist where current flows through the ’521 

Patent’s transistor M1, which only happens if the terminal of transistor M1 is 

powered by voltage VDD. Thus, being “independent of” cannot mean that the drive 

current is wholly unrelated to the PPS voltage. A POSA would have also recognized 

that the express purpose of the ’521 Patent is to prevent “the noise and drift 

components of the PPS voltage VDD [from] appear[ing] directly in the current driver 

voltage signal Video.OLED which determines the drive current ID for the OLED 

pixel element.” See Ex. [1001], the ’521 Patent at 2:63-65. A POSA would have 

therefore understood “independent of” as referring to the noise and drift components 

of the PPS voltage.  

243. Hayafuji explains that “[t]he present invention has been developed… 

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… can be effectively reduced.” See Ex. [1006], 

Hayafuji at ¶ 0028. 
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244. Hayafuji teaches “in the voltage addition circuit 15, treating the data 

voltage Vdata as a base, the ripple component Vri 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” (See Ex. [1006], Hayafuji at ¶ 0049) 

and that “it can be said that the ripple component Vri obtained by the ripple 

component extraction circuit 14 is a ripple component having 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.” See Ex. [1006], Hayafuji at ¶ 0053.  

245. A POSA would have quickly recognized that because Hayafuji’s (1) 

drain current Id is based on the gate-to-source voltage Vgs as discussed above, (2) 

gate-to-source voltage Vgs is the difference between gate voltage Vgate and drive 

voltage Va, and (3) gate voltage Vgate and drive voltage Va both include the ripple 

component Vri which is thus cancelled out in gate-to-source voltage Vgs, that 

therefore, Hayafuji’s drain current Id is “independent of” drive voltage Va (i.e., drain 

current Id is “independent of” ripple component Vri). Thus, a POSA would have 

recognized that Hayafuji discloses the drive current (drain current Id) being… 

independent of (unaffected by ripple component Vri) the positive power supply 

voltage (drive voltage Va). 
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246. Therefore, Hayafuji discloses that the drive current being proportional 

to a current drive voltage being indicative of the video signal and independent of the 

positive power supply voltage. 

b) 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. 

247. Hayafuji discloses that 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. 

248. According to Hayafuji the extracted ripple component is added to 

Vdata. 

In the embodiment shown in FIG. 6, a ripple component extraction circuit 14 
and a voltage addition circuit 15 are provided and are constituting the ripple 
component supply means. The ripple component extraction circuit 14 extracts 
a ripple component included in a drive voltage Va generated by the above-
described DC-DC converter, and a ripple component Vri extracted by this 
ripple component extraction circuit 14 is supplied to one input terminal of the 
voltage addition circuit 15. The data voltage Vdata transmitted via the above-
mentioned data line Bl is input to the other input terminal of the voltage 
addition circuit 15. 

 

See Ex. [1006], Hayafuji at ¶ 0048. 
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249. According to Hayafuji the output signal Vgate is applied to the gate of 

Tr2.  

Accordingly, in the voltage addition circuit 15, treating the data voltage 
Vdata as a base, the ripple component Vri extracted by the ripple 
component extraction circuit 14 is added to the base. The output thereof 
as Vgate is supplied to a scan selection transistor Trl represented by 
reference character SWl, and the Vgate is supplied to the gate of a light 
emission drive transistor Tr2 by the turning on of the transistor Trl 
during the addressing time and is written in a capacitor Cs. 

 

See Ex. [1006], Hayafuji at ¶ 0049. 

250. Thus Hayafuji discloses that that (1) the drive voltage Va is the sum of 

a constant DC output voltage component (herein “Vdc (constant)”) of the drive 

voltage Va and the extracted ripple component Vri; (2) that the gate voltage Vgate is 

the sum of the data voltage Vdata and the extracted ripple component Vri; and 

consequently, (3) that the gate voltage Vgate is indicative of the sum of or the 

difference between the drive voltage Va and the data voltage Vdata: 

𝑉𝑉𝑎𝑎 = 𝑉𝑉𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑟𝑟𝑟𝑟     (1) 

𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑟𝑟𝑟𝑟     (2) 

𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑎𝑎 − 𝑉𝑉𝑑𝑑𝑑𝑑 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)  (3) 

251. Therefore, consistent with FIG.8 (annotated) below, a POSA would 

have recognized that Hayafuji discloses the video drive signal (gate voltage Vgate) is 

indicative of the sum of or the difference between the positive power supply voltage 
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(drive voltage Va) and the video signal (data voltage Vdata). See Ex. [1006], Hayafuji 

at FIG.8 (annotated). 

 

See Ex. [1006], Hayafuji at FIG.8 (annotated). 

252. Hayafuji discloses that the potential difference between the drive 

voltage Va supplied to the source of Tr2, and the voltage Vgate supplied to its gate 

is an approximately constant value. 
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Here, it can be said that the ripple component Vri obtained by the ripple 
component extraction circuit 14 is a ripple component having 
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. 
 
Therefore, although a slight delay is produced by the ripple component 
extraction circuit 14 and the voltage addition circuit 15, the potential 
difference between the drive voltage Va supplied to the source of the 
light emission drive transistor Tr2 and the gate voltage Vgate supplied 
to the gate of the same transistor Tr2, that is, the gate-to-source 
voltage= Vgs, represents an approximately constant value all the time 
regardless of timing of addressing as shown in FIG. 8B. That is, as 
exemplified by Vgsl, Vgs2, Vgs3 in FIG. 8B, the same level of Vgs is 
applied between the gate and the source at any of addressing timings. 

 

See Ex. [1006], Hayafuji at ¶ 0053. 

253. Therefore, Hayafuji discloses that the gate-to-source voltage 𝑉𝑉𝑉𝑉𝑉𝑉 is the 

difference between the drive voltage 𝑉𝑉𝑉𝑉 and the gate voltage 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉: 

𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑎𝑎 − 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔  

254. Therefore, consistent with FIG.6 (annotated) below, a POSA would 

have recognized that Hayafuji further discloses the current drive voltage (gate-to-

source voltage=Vgs) is indicative of the difference between the positive power supply 

voltage (drive voltage Va) and the video drive signal (gate voltage Vgate).  
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See Ex. [1006], Hayafuji at FIG.6 (annotated). 

c) Responses to Specific Issues Raised by Mr. Credelle 

255. As described above at ¶¶ 206-254, it is my opinion that Hayafuji 

discloses all the limitations of Claims 1 and 2 of the ’521 Patent. 

[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 

256. Mr. Credelle opines that “because the voltage of signal Vgate is not 

referenced to the positive power supply voltage Va in Hayafuji, Vgate does not 

disclose the claimed video drive signal.” See Ex. [2011], Credelle Second 

Declaration at ¶ 125.   To support his point, Mr. Credelle argues that the video drive 
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signal needs to be referenced to the “the main component” of the power supply 

voltage for this limitation to be met. See Ex. [2011], Credelle Second Declaration at 

¶ 127.   It should be noted that the term “main component” does not appear in the 

’521 Patent.  

257. At the same time, Mr. Credelle admits that the positive power supply 

component “Vnoise” is not present in the video drive signal of the third embodiment 

of the ’521 Patent. See Ex. [2011], Credelle Second Declaration at ¶ 134.  Mr. 

Credelle thus admits that there is an embodiment provided within the patent wherein 

the video drive signal is not referenced to all components of positive power supply.  

As a consequence, Mr. Credelle has admitted that a video drive signal may be 

“referenced to” the positive power supply even if only some (but not all) components 

of the positive power supply are used “as a baseline to measure the voltage of the 

video drive signal.”  See Ex. [2011], Credelle Second Declaration at ¶ 127. 

258.  In an effort to reconcile his position with the third embodiment of the 

’521 Patent, Mr. Credelle introduces the notion of a “main component” of the 

positive power supply.” See Ex. [2011], Credelle Second Declaration at ¶ 127.  Mr. 

Credelle further states that this “main component” needs to be “a baseline to measure 

the voltage of” the video drive signal.  See Ex. [2011], Credelle Second Declaration 

at ¶ 127.  Thus, for his arguments against Hayafuji, Mr. Credelle attempts to elevate 
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one component of the positive power supply, VDC, above any others that he or the 

’521 Patent have identified, and attempts to reframe his position as stating that the 

’521 Patent merely requires that the video drive signal be referenced to this “main 

component” rather than the totality of the positive power supply.  However, he 

merely states that 𝑉𝑉𝐷𝐷𝐷𝐷  is the “main component" and provides no justification as to 

why 𝑉𝑉𝐷𝐷𝐷𝐷  is the component of interest when evaluating whether a video drive signal 

is referenced to the positive power supply.  The claims make no such distinction. I 

also note that Mr. Credelle’s decisions to elevate particular components above other 

components appears to change based on which prior art reference or claim element 

he’s arguing against. For example, in contrast to his arguments against Hayafuji here 

for Claim [1-A], where he chooses to elevate VDC as the critical component, in his 

arguments and testimony regarding Kim (and also in his apparent construction for 

“independent of,” along with his defense of the third ’521 embodiment), the critical 

component of the power supply to be evaluated is not VDC, but becomes Vdrift instead. 

See, e.g., Ex. [2011], Credelle Second Declaration at ¶ 112 (“the positive power 

supply voltage if the power supply voltage is not a factor in calculating the drive 

current and at least unwanted voltage drift is removed from the current drive 

voltage.”); see generally, Ex. [1016], Credelle Deposition Transcript at 145:24-

148:24. As such, to the extent that Mr. Credelle’s position that one component of 
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VDD should be elevated above others is relevant, I disagree that the focus and 

importance should arbitrarily shift between different VDD components based on 

which prior art reference or claim element is being evaluated at the time. 

259. In Hayafuji, 𝑉𝑉𝑟𝑟𝑟𝑟 is a component of the positive power supply. 

Consequently, by referencing the video drive signal to 𝑉𝑉𝑟𝑟𝑟𝑟,  Hayafuji has provided a 

video drive signal that is “referenced to” the positive power supply.  
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260. To the extent it is argued that Hayafuji’s video drive signal is not 

referenced to a positive power supply voltage since Hayafuji includes a ripple 

extractor circuit, I disagree that the patent requires that all components or specific 

components of the supply voltage be fed back into a cancellation circuit. I also 

disagree that Hayafuji’s current drive voltage equation including Vdc means it 

doesn’t still satisfy the ’521 Claims. Vdc relates to the non-varying portion of the 

power supply voltage. A dependency on the non-varying portion of the voltage is 

necessary for the display to operate, and therefore, Vdc would not exclude Hayafuji 

from satisfying the claims, especially since the ’521 Patent and its claims relate to 

addressing dependency on “voltage variations.” EX1001, the ’521 Patent at 1:29-

39. Mr. Credelle admits that all ’521 Patent embodiments include the dependency 

that if the power supply voltage drops below the threshold voltage of the transistors, 

the display would not operate: “At some point, VDD will get too low, and the 

threshold -- it may not overcome the threshold voltage of the transistor M1. And 

then the circuit would not operate. That’s certainly not the situation that's being 

contemplated or -- or described in the patent.” EX1016, 177:20-178:8. Given that 

this dependency would still satisfy the claims, Hayafuji’s dependency on the steady-

state Vdc would also satisfy the claims. I also note that for these reasons, my opinion 
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that Vgate is referenced to the positive power supply while Vgs is independent of 

that positive power supply are not inconsistent. Further, I wish to clarify that for the 

purposes of the techniques described in the ’521, “ripple” and “noise” are 

substantially similar phenomena.  Ripple and noise are both voltage fluctuations, or 

“AC content,” that may appear on a voltage supply that would otherwise be constant, 

or “DC.”  The main difference between these two phenomena is the method of their 

generation.  Ripple, for instance, often appears in power supplies generated by 

switching power converters and is the result of imperfect filtering of the switching 

activity within those converters.  Since ripple originates from a deterministic 

switching behavior, ripple components of power supplies are themselves 

deterministic and tend to exhibit periodic behavior at the same frequency as the 

oscillating signal controlling the DC-DC converter.  Noise, on the other hand, is a 

random phenomenon and can originate from many different sources, including the 

random thermal motion of charge carriers within wires and components attached to 

these wires.  Regardless of differences in their origination, ripple and noise are both 

dynamic, time-varying voltage waveforms that can exist simultaneously as voltages 

superposed on an otherwise constant power supply level.  As they are both time-

varying signals, frequency-selective filtering techniques can be used to suppress 

both ripple and noise regardless of their mechanism of origination.  Thus, in the 
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subject matter of ’521, ripple and noise may be treated as substantially similar, since 

the techniques for the suppression of each are substantially similar, if not identical.  

Indeed, Mr. Credelle in his deposition referred to “ripple noise caused by the power 

supply,” indicating that for purposes of the present discourse (i.e., referencing a 

signal to a positive power supply to eliminate the impact of supply on current 

delivered to an OLED), these terms refer to substantially similar phenomena.  See 

Ex. [1016], Credelle Deposition Transcript at 161:3-4.  Further, Mr. Credelle uses 

both terms interchangeably at places in his deposition.  At one point, Mr. Credelle 

refers to fluctuations on the output of a DC-to-DC converter as ripple: “So as 

described by Hayafuji, Vri is ripple component caused by [sic], I believe they say, 

the DC-to-DC power supply, which has a high ripple and can effect [sic] the 

performance of the display.”  See Ex. [1016], Credelle Deposition Transcript at 

159:2-5.  Shortly thereafter, Mr. Credelle refers to this same phenomenon as noise: 

“[t]here’s a Vri – it’s kind of a sawtooth repetitive signal, which would be – would 

be the type of noise you might see from a DC-to-DC converter circuit.” See Ex. 

[1016], Credelle Deposition Transcript at 160:12-15. 

261. Mr. Credelle provides additional reasoning for why he believes the 

video drive signal of Hayafuji is still referenced to ground despite the fact that this 

signal is clearly referenced to at least some portions of the positive power supply.  
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Mr. Credelle states that “[i]n each operational amplifier in Hayafuji, the positive 

input terminal is connected directly to ground (i.e., referenced to ground) rather than 

to the positive power supply.” [Emph. in original] See Ex. [2011], Credelle Second 

Declaration at ¶ 132.  This assertion is a mischaracterization; the grounding of the 

positive input terminals merely serves to configure these op amp circuits in the 

standard inverting configuration and does not imply that a video drive signal that 

they produce is referenced to ground. 

262. For the above reasons, Mr. Credelle’s opinions regarding Claim 

Element [1-A] are incorrect, and therefore it is my opinion that Hayafuji teaches the 

limitations of Claim Element [1-A]. 

[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. 

263. Mr. Credelle opines that Hayafuji fails to disclose element [1-C] 

because “in Hayafuji’s circuit, the positive power supply voltage Va does not drop 

out of the equation for the current drive voltage signal that determines the drive 

current for the OLED pixel.” See Ex. [2011], Credelle Second Declaration at ¶ 135.  

This is substantially the same argument Mr. Credelle presented for element [1-A], 

and my response to his [1-C] analysis for this point is thus substantially the same as 

my analysis presented for [1-A], and can be similarly applied here. Mr. Credelle 
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additionally argues that because the “undesirable variable voltage components 

Vnoise and Vdrift” are present in the current drive signal, that the “drive current of 

Hayafuji is not independent of the power supply voltage.” Ex. [2011], Credelle 

Second Declaration at ¶¶ 140-143. As discussed previously, and as evidenced in the 

equations in Mr. Credelle’s declaration for the ’521 Patent embodiments, the ’521 

Patent’s third embodiment says that the current drive signal also includes “Vnoise” 

from the power supply, which is therefore contrary to Mr. Credelle’s position quoted 

above, and thus is not supported by the ’521 Patent’s specification. Ex. [1001], 6:45-

8:2; Ex. [2011], Credelle Second Declaration at ¶¶ 80, 85. As such, Mr. Credelle’s 

arguments fail to explain why the “Vnoise” in the current drive voltage satisfies the 

“independent of” claim limitation. I also note, and Mr. Credelle appears to agree, 

that Hayafuji’s “ripple” is the equivalent to noise because of the reasons I provided 

in ¶260.  It is also my opinion that Hayafuji’s elimination of ripple from the output 

driving signal would more effectively remove flickers from the display than the ’521 

Patent’s third embodiment, which would not eliminate those particular flickers at 

all. Ex. [1001], the ’521 Patent at 6:45-8:2, FIG. 4. Consequently, Mr. Credelle’s 

argument regarding “undesirable variable voltage components Vnoise and Vdrift” is 

not consistent with the embodiments and claims of the ’521 Patent. 
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Claim 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. 

264. Mr. Credelle opines that Hayafuji fails to disclose claim 2 because 

“Hayafuji’s voltage addition circuit does not add the positive power supply voltage 

to the video signal” and therefore “does not disclose a video drive signal that is 

‘indicative of the sum of or the difference between the positive power supply voltage 

and the video signal.’” See Ex. [2011], Credelle Second Declaration at ¶ 144.  Mr. 

Credelle states that this is because “[t]he DC voltage component VDC is filtered out 

of the signal that is provided to Hayafuji’s addition circuit.” See Ex. [2011], Credelle 

Second Declaration at ¶ 145.  This is again substantially the same argument Mr. 

Credelle presented for element [1-A], and my response to his claim 2 analysis is thus 

substantially the same as my analysis presented for [1-A] and will not be repeated 

here. I additionally note that, similar to the points above, the claim language of Claim 

2 does not recite, require, or depend on the presence or absence of any specific 

component of VDD. 
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C. Ground 4: Claims 1, 2, 3 and 5 of the ’521 Patent are Obvious in 
View of Hayafuji and the Knowledge of a POSA 

265. The figure below is an annotated reproduction of FIG. 2 of the ’521 

Patent illustrating the first embodiment. 

 

See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 

a) 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. 

266. The ’521 Patent explains that whereas conventional video drivers 

would connect the positive input terminal of the op-amp through a resistor to ground 

voltage, the ’521 Patent connects the positive input terminal of the op-amp through 
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a resistor to the positive power supply voltage VDD, in order to reference the VGS to 

VDD such that the output video drive signal v(t) of the op-amp tracks any PPS 

voltage variations. See Ex. [1001], the ’521 Patent at 4:53-65. See also Ex. [1010], 

Horowitz Text at pg. 181. 

267. As detailed above with respect to Ground 3, Limitation [1-A], Hayafuji 

discloses a video driver (circuitry in green annotation below for Video Driver) 

receiving the video signal (data voltage Vdata) and generating a video drive signal 

(gate voltage Vgate) indicative of the video signal and referenced to a positive power 

supply voltage (drive voltage Va) of the AMOLED display panel.  

 

See Ex. [1006], Hayafuji at FIG. 6 (annotated). 
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268. Furthermore, as detailed above with respect to Ground 3, Claim 2, 

Hayafuji discloses that the video drive signal (gate voltage Vgate) is indicative of the 

sum of or the difference between the positive power supply voltage (drive voltage 

Va) and the video signal (data voltage Vdata).  

 

See Ex. [1006], Hayafuji at FIG. 8 (annotated). 

269. A POSA would have found it obvious to modify the circuits of Hayafuji 

such that video drive signal (gate voltage Vgate) is not only ‘indicative’ of the sum 

of or the difference between the positive power supply voltage (drive voltage Va) 
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and the video signal (data voltage Vdata), but also specifically configured such that 

the video drive signal (gate voltage Vgate) is output by the video driver as the 

difference between the positive power supply voltage (drive voltage Va) and the 

video signal (data voltage Vdata). 

270. Such a modification is detailed below with respect to FIG. 6 and FIG. 

7 of Hayafuji. The figure below is the original design of Hayafuji. 

 

See Ex. [1006], Hayafuji at FIG. 6 and FIG. 7. 

271. As shown above the original circuit of Hayafuji relies on a high-pass 

filter 14 comprised of a capacitor and resistor.2 The input to the filter is Va (positive 

power supply voltage). The output of the filter is added to the data signal from 16 

 
2 Hayafuji at ¶ 0050 refers to block 14 of Fig. 6 as a “bypass filter.” Based on its configuration 
with a capacitor in series and a resistor connected to ground, a POSA would recognize this as a 
high pass filter. 
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with the result outputted from op-amp OP3.  The output of block 16 D/A is 

equivalent to VDATA or the video signal. See Ex. [1006], Hayafuji at ¶ 0051. 

272. Below is a modified configuration of FIG. 6 and FIG. 7 of Hayafuji. 

The modification includes the removal of filter 14, applying Va to one terminal of 

OP3 and applying the data signal from 16 to the other terminal of OP3.  

 

See Ex. [1006], Hayafuji at FIG. 6 and FIG. 7 (during modification). 

273. The circuit following the modification is shown below. 
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See Ex. [1006], Hayafuji at FIG. 6 and FIG. 7 (modified). 

274. A POSA would have been motivated to reconfigure Hayafuji in this 

manner for at least the following reasons. 

275. First, Hayafuji discloses that there is a ripple component in the power 

source that drives the OLED element. This is due to the DC-DC converter. 

Here, for the drive voltage Va supplied to the source of the transistor 
Tr2, the boosted voltage by the DC-DC converter is employed as 
already described, and in this type of DC-DC converter, it is 
unavoidable that ripple noise (ripple component) is superimposed on 
the voltage Va to some degree since switching operation is 
accompanied as a matter of its operating principle. In the DC-DC 
converter, although the level of the ripple component can be decreased 
more when a large capacitance capacitor is used for the smoothing 
capacitor Cl, decrease effect for the ripple component cannot be 
expected so much compared to the ratio at which the capacitance 
thereof is increased. 
 

See Ex. [1006], Hayafuji at ¶ 0022. 
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276. Hayafuji further states that the capacitor size is limited. See Ex. [1006], 

Hayafuji at ¶ 0023, (“the capacitance of the smoothing capacitor has to be restrained 

to some degree exists in an actual condition.”). 

277. Second, Hayafuji teaches that this ripple causes deterioration of the 

light emitting elements. See Ex. [1006], Hayafuji at ¶ 0024, (“the drive voltage Va 

on which the ripple component shown in FIG. 3 is superimposed is supplied to the 

source of the light emission drive transistor Tr2… Therefore, a gate-to-source 

voltage which changes corresponding to the ripple component is supplied between 

the source and the gate of the transistor Tr2 shown in FIG. 2, in response to 

respective timings of addressing, as shown as Vgsl, Vgs2, Vgs3 in FIG. 3.”) See also 

Ex. [1006], Hayafuji at ¶ 0025, (“ FIG. 4 shows a Vgs/Id characteristic (a gate-to-

source voltage versus drain current characteristic) of a TFT, represented by the 

transistor Tr2, and when the gate-to-source voltage changes within a range of ∆Vgs, 

accompanied by this, the drain current also changes within a range of ∆Id.”). 
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See Ex. [1006], Hayafuji at FIG. 3 and FIG. 4. 
 
 

Here, it has been known that the organic EL element exhibits a light 
emission intensity characteristic approximately proportional to the 
value of the current flowing in this element. Accordingly, as a result of 
the state in which Vgs changes influenced by the ripple component 
corresponding to timings of addressing as described above, a result in 
which the light emission intensity of each EL element in the light 
emitting display panel 1 differs for each scan line occurs. Thus, in the 
display panel, a problem that the display quality of an image is 
considerably deteriorated, that is, for example, a fine striped pattern or 
phenomenon of flicker occurs and the like, can occur. 

 
See Ex. [1006], Hayafuji at ¶ 0025. 
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278. Third, to deal with the effect of the ripple on the OLED pixels Hayafuji 

teaches to extract the ripple component of the power source Va and add this to the 

data signal. Then when this signal is placed on the gate of the drive transistor and 

references to Va the ripple is in essence cancelled out across and does not appear as 

part of the gate-to-source voltage. See Ex. [1006], Hayafuji at ¶ 0030, (“by supplying 

a ripple component having approximately the same phase and amplitude as those of 

a ripple component superimposed on a drive power source which is supplied to the 

source electrode of the light emission drive transistor to the gate electrode of the 

light emission drive transistor at an addressing time.”). See Ex. [1006], Hayafuji at 

FIG. 8. 

279. Based on the knowledge of a POSA specifically as it relates to 

traditional op-amp circuits, modifying the op-amp to generate the difference of the 

power source signal and the data signal using a differential instrumentation3 

amplifier would allow for an improved system that would be more immune to noise 

in the power source. The invention of Hayafuji is inherently limited by the design of 

the filter (the capacitor and resistor of 14 in Hayafuji FIG. 6). This design means 

there will be a range of noise of certain frequencies that will not be prevented from 

 
3 The term “instrumentation amplifier “is not defined in the ’521 Patent. A POSA would have understood that such 
an amplifier (e.g., FIG. 6 in Hayafuji) is simply a differential amplifier with a high common-mode rejection ratio. See 
Ex. [1010], Horowitz Text at pg. 421. 
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impacting the OLED brightness. For example, low frequency noise such as drift 

would not be prevented from impacting OLED brightness. Thus, a POSA would 

have realized that the modified circuit allows for an OLED driver with improved 

immunity to power source noise not limited just to ripple but to other forms of noise 

such as drift.  

280. Furthermore, the removal of the capacitor of the filter 14 disclosed 

would also potentially reduce the required real estate for the circuit something 

suggested by Hayafuji with respect to the capacitor of the DC-DC converter. See Ex. 

[1006], Hayafuji at ¶ 0023. 

281. Furthermore, a POSA would have been motivated to make this obvious 

modification because it is a trivial design change comprised of well-known 

components (op amps and resistors) used in well-known configurations that would 

better accomplish the stated goal of Hayafuji.  

The present invention has been developed as attention to the above-
described problems has been paid, and 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 represented by a DC-DC converter can be effectively reduced 
without increasing the circuit scale so much. 

 

See Ex. [1006], Hayafuji at ¶ 0028. 
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282. Finally, the modification of the Hayafuji circuit into a differential 

amplifier circuit is based on a well-known and fundamental op amp configuration, 

specifically where the non-inverting terminal is the reference voltage against which 

the inverting terminal voltage is compared to. A POSA would have had a reasonable 

expectation of success when making this modification because of this. See also Ex. 

[1010], Horowitz Text at pg. 181. 

283.  Therefore, as described above and consistent with the annotated and 

modified version of FIGs. 6 and 7 below, a POSA would have found it obvious, in 

view of Hayafuji, that the video driver (circuitry in green annotation below for Video 

Driver) comprises a differential instrumentation amplifier circuit (operational 

amplifier OP3) for providing the video drive signal (gate voltage Vgate) being the 

difference between the positive power supply voltage (drive voltage Va) and the 

video signal video signal (data voltage Vdata). 
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See Ex. [1006], Hayafuji at FIGs. 6 and 7 (combined; modified; annotated). 

284. Furthermore, the modified circuit still satisfies all the limitations of 

Claims 1 and 2 of the ’521 Patent as set forth below. 

285. The only modification made to Hayafuji was to its driver circuit, 

specifically modifying OP3 from a summing amplifier with filter to a differential 

amplifier. Thus, the modified Hayafuji circuit is still used with 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 
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diode (OLED) pixel elements, the AMOLED display system as required by 

Limitation [1-Pre]. 

286. The modification made to the video driver does not change that fact that 

is it is still a video driver that receives a video signal generating a video drive signal 

(Vgate) indicative of the video signal (Vdata) and referenced to a positive power 

supply voltage (Va) of the AMOLED display panel as required by Limitation [1-A]. 

This is further shown by the below equation: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

287. After modification Hayafuji still includes a current driver Tr2 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 as required by Limitation [1-B]. This is further shown 

by the below equation: 

𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉 + 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

288. Furthermore, the drive current is proportional to a current drive voltage 

being indicative of the video signal and independent of the positive power supply 

voltage in the modified Hayafuji circuit as required by Limitation [1-C]. This is 

further shown by the below equation: 

𝐼𝐼𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 =  𝑘𝑘�𝑉𝑉𝑔𝑔𝑔𝑔 − 𝑉𝑉𝑡𝑡� = 𝑘𝑘(𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉) 
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289. Finally, the video drive signal is indicative of 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 as required by Claim [2]. This is further shown by the below 

equation: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

b) 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  

290. The figure below is an annotated reproduction of FIG. 3 of the ’521 

Patent illustrating the second embodiment. 
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See Ex. [1001], the ’521 Patent at FIG. 3 (annotated). 

291. As discussed above, Hayafuji discloses the elements of Claims 1 and 2. 

See Ex. [1006], Hayafuji at Figs. 6, 8. Additionally, as explained with respect to 

Figure 3, a POSA would have been motivated to modify the Hayafuji circuit as 

shown below. See Ground 3, Limitations [1-C] and Claim [2] 
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See Ex. [1006], Hayafuji at Figs. 6, 7 (combined, modified, annotated). 

292. Hayafuji notes that “[t]he combination shown in FIG. 10 of the ripple 

component extraction circuit 14, the voltage addition circuit 15, and Vdata represented 

by the variable voltage source is the same as the structure shown in FIG. 6 already 

described.” See Ex. [1006], Hayafuji at ¶ 0060. 

293. Thus, a POSA would have understood that the Ground 4, Claim 3 

analysis is similarly applicable here, in that it would be obvious for the video driver 

to be configured in the same manner as discussed for Ground 4, Claim 3 such that 

the video driver provides the video drive signal being the difference between the 

positive power supply voltage and the video signal. 
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294. For the reasons discussed below, a POSA would also have recognized 

that Hayafuji discloses the video driver comprising a current mode isolator circuit. 

295. Hayafuji discloses that “FIG. 9 shows a pixel structure of a current 

mirror drive method, and in the example shown in this FIG. 9, a p-channel type light 

emission drive transistor Tr2 and the same p-channel type mirror operation 

transistor Tr4 are symmetrically provided wherein the gates thereof are commonly 

connected, the sources of the [sic] both transistors Tr2, Tr4 are commonly 

connected, and a charge-holding capacitor Cs is connected between the sources and 

the gates thereof. The drive voltage Va is supplied to the sources of the [sic] both 

transistors Tr2, Tr4.” See Ex. [1006], Hayafuji at ¶ 0056. 

 

See Ex. [1006], Hayafuji at FIG. 9. 
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296. Hayafuji explains the “[a] scan selection transistor Tr1 constituted by 

the same p-channel type TFT is connected between the gate and the drain of the 

mirror operation transistor Tr4, and by an ON operation of this scan selection 

transistor Tr1, the transistors Tr2, Tr4 function as a current mirror circuit. A write 

transistor Tr5 constituted by a p-channel TFT is also turned on together with the 

scan selection transistor Tr1 being turned on, and thus a write current source 21 is 

connected via the write transistor Tr5.” See Ex. [1006], Hayafuji at ¶ 0057. 

297. Hayafuji further described that “a current path from the power source 

Va to the write current source 21 via the transistors Tr4, Tr5 is formed during an 

address period. By the operation of the current mirror, current corresponding to 

current IW1 flowing in the power source 21 is supplied to the EL element E1 via the 

light emission drive transistor Tr2. By this operation, the gate voltage of the 

transistor Tr4 corresponding to the current IW1 flowing in the write power source 

21 is written in the capacitor Cs. After the gate voltage value is written in the 

capacitor Cs, the scan selection transistor Tr1 is brought to an OFF state, and the 

light emission drive transistor Tr2 operates to allow a predetermined current (=IW1) 

to be supplied to the EL element E1 based on electrical charge accumulated in the 

capacitor Cs, whereby the light emission drive for the EL element E1 is continued.” 

See Ex. [1006], Hayafuji at ¶ 0058. 
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298. Hayafuji further discloses “FIG. 10 shows an example of the structure 

of the write current source 21 shown in FIG. 9 and a structure controlling the current 

value of the write current source 21 by the ripple component included in the drive 

voltage Va. The write current source 21 is constituted by a combination of a PNP 

type transistor Q3 and a resistor R25 which is connected between the emitter of this 

transistor Q3 and the ground in the example shown in FIG. 10.” See Ex. [1006], 

Hayafuji at ¶0059. 

299. Hayafuji teaches “[t]he output of the voltage addition circuit 15 is 

supplied to the base of the transistor Q3 via a voltage amplifier 18 constituted by an 

operational amplifier. Accordingly, absorption current IW1 by the transistor Q3 

constituting the 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.” See Ex. [1006], Hayafuji at ¶ 0060. 

300. Hayafuji explains “[a]ccordingly, a voltage value corresponding to the 

data voltage Vdata supplied from the data driver is written in the charge-holding 

capacitor Cs in the pixel structure of the current mirror drive method shown in FIG. 

9 without being influenced by the ripple component included in the drive voltage Va. 

Therefore, in the pixel structure of the current mirror drive method shown in FIG. 

9, by adopting the circuit structure shown in FIG. 10, a problem that a state is 
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brought in which light emission intensity differs for each scan line in the display 

panel 1 influenced by the ripple component can be avoided.” See Ex. [1006], 

Hayafuji at ¶ 0061. 

301. A POSA would have understood 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 (circuitry in blue Current Driver annotation below). Specifically, a POSA 

would have recognized 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. 

302. The annotated figures below are the original circuits from Hayafuji 

showing the first embodiment and second embodiment. 
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See Ex. [1006], Hayafuji at FIG. 1 and FIG. 7 (combined). 

 

See Ex. [1006], Hayafuji at FIG. 7, FIG. 9, and FIG. 10(combined). 

303. According to Hayafuji in both embodiments the current driver Tr2 is 

not “influenced by the ripple component.”   See Ex. [1006], Hayafuji at ¶¶ 54 and 

61. Therefore the conversion from voltage to current by the current mirror does not 

change the fact that the rippled component is compensated for. 

304. Following the modification of Hayafuji as detailed in Ground 4, Claim 

3, the signal Vgate is the difference between the positive power supply Va and the 

video signal exiting D/A 16. 
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See Ex. [1006], Hayafuji at FIG. 6 and FIG. 7 (modified). 

305. In this circuit, the voltage applied to the drive transistor Tr2 is also not 

influenced by ripple in Va. The addition of the circuitry of FIG. 10 of Hayafuji 

simply converts this difference from a voltage into a current as it does in the second 

embodiment of Hayafuji.  

306. A POSA would have understood that, in view of the intrinsic record, 

the plain and ordinary meaning of “current mode isolator circuit” is a circuit that is 

a “current-mode” circuit, i.e., a circuit in which the current driver for the OLED pixel 

is provided with a control current by the video driver, and serves as an isolator for 

the control current signal.  

307. Furthermore, a POSA would also have recognized that Hayafuji’s video 

driver is an isolator for control current IW1. A POSA would have understood, based 
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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 

PPS: “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. Variations in the power supply voltage VDD will no longer adversely 

affect the AMOLED display.” See Ex. [1001], the ’521 Patent at 6:1-7.  

308. Furthermore, as described in Ground 3, Limitation [1-C] being 

“independent of” cannot mean that the drive current is wholly unrelated to the PPS 

voltage. A POSA would have also recognized that the express purpose of the ’521 

Patent is to prevent “the noise and drift components of the PPS voltage VDD [from] 

appear[ing] directly in the current driver voltage signal Video.OLED which 

determines the drive current ID for the OLED pixel element.” See Ex. [1001], the 

’521 Patent at 2:63-65; A POSA would have therefore understood “independent of” 

as referring to the noise and drift components of the PPS voltage.  

309. By connecting Va to the non-inverting terminal of OP3 and Vdata to 

the inverting terminal, Vgate becomes the difference between these two signals. As 

this modified Vgate includes the ripple component Vri because Vgate is still the 
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output at opamp OP3 and output of OP4 (buffer). This is illustrated in the equations 

below where Va’ is the component of Va  

𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑎𝑎′ + 𝑉𝑉𝑉𝑉𝑉𝑉 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑉𝑉𝑎𝑎′ + 𝑉𝑉𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

310. As, Hayafuji’s drain current Id is based on the gate-to-source voltage 

Vgs, where gate-to-source voltage Vgs is the difference between gate voltage Vgate 

and drive voltage Va, the gate voltage Vgate and drive voltage Va both still include 

the ripple component Vri which is thus cancelled out in gate-to-source voltage Vgs. 

Therefore, as modified, Hayafuji’s drain current Id is “independent of” drive voltage 

Va (i.e., drain current Id is “independent of” ripple component Vri). Thus, a POSA 

would have recognized that Hayafuji discloses the drive current (drain current Id) 

being… independent of (unaffected by ripple component Vri) the positive power 

supply voltage (drive voltage Va). 

311. Thus, a POSA would have recognized that Hayafuji discloses the drive 

current (drain current Id) being… independent of (unaffected by ripple component 

Vri) the positive power supply voltage (drive voltage Va). 

312. A POSA would therefore have recognized that Hayafuji also expressly 

discloses isolating control current IW1 from variations in PPS voltage Va: 

“Accordingly, a voltage value corresponding to the data voltage Vdata supplied from 
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the data driver is written in the charge-holding capacitor Cs in the pixel structure of 

the current mirror drive method shown in FIG. 9 without being influenced by the 

ripple component included in the drive voltage Va.” See Ex. [1006], Hayafuji at ¶ 

0061. 

313. As such, a POSA would have recognized that Hayafuji’s circuitry 

including transistor Q3 is a current mode isolator circuit.  

314. A POSA would have been motivated to use a current programming 

technique disclosed by Hayafuji as it allowed for improved compensation to 

transistor mobility and threshold variations and thus better display performance. See 

Ex. [1012], Han at pg. 53. 

315. A POSA would be well versed in the design of both voltage 

programmed and current programed pixel driver circuit. Therefore, as Hayafuji 

discloses that the method of adding the ripple current component to the video signal 

can be adapted from a voltage programmed pixel to a current programmed pixel 

while still reducing the effect of power supply ripple, a POSA would have had 

reasonable expectation of success when using the modified Hayafuji differential 

amplifier arrangement in a current programmed implementation rather than a voltage 

programmed implementation. 
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316. Therefore, consistent with the Ground 3, Claim 3 analysis, and FIGs.7, 

9, 10 (combined / modified / annotated) below, a POSA would have found it 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 Vdata). See Ex. [1006], Hayafuji at FIGs.7, 9, 10 (combined / modified 

/ annotated). 

 

 
See Ex. [1006], Hayafuji at FIG. 6, FIG. 9, and FIG. 10 (annotated and modified). 
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c) Responses to Specific Issues Raised by Mr. Credelle 

317. As described above in ¶¶265-316, it is my opinion that Hayafuji 

discloses or renders obvious all the limitations of Claims 1, 2, 3 and 5 of the ’521 

Patent.  

318. Mr. Credelle opines that “Hayafuji and the knowledge of a POSITA do 

not render obvious claim elements [1-A] or [1-C] of the ’521 patent” and that 

“because claims 2, 3, and 5 depend from claim 1, those claims are also not rendered 

obvious.” See Ex. [2011], Credelle Second Declaration at ¶ 121. I disagree. 

319. Specifically, Mr. Credelle argues that a POSA would not be motivated 

to modify Hayafuji via removal of the ripple component extraction circuit, or 

substitution of a differential op amp circuit in place of a summing op amp circuit. 

See Ex. [2011], Credelle Second Declaration at ¶¶ 150-155. See Ex. [1002], Kattamis 

Declaration at ¶¶ 210-262.  Mr. Credelle presents four main arguments to this effect.  

I disagree with each of these arguments as elaborated below. 

320. First, Mr. Credelle argues that “a POSITA would not have removed 

Hayafuji’s ripple component extraction circuit” for the reason that “Hayafuji 

attempted to address a very specific problem in OLED displays, namely the 

deterioration of image display quality ‘caused by a ripple component generated in a 

power supply circuit represented by a DC-DC converter.” See Ex. [2011], Credelle 
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Second Declaration at ¶151; Ex. [1006], Hayafuji at ¶ 28.  Mr. Credelle appears to 

be under the impression that the proposed modification would eliminate Hayafuji’s 

function of removing the “ripple component” from the positive power supply from 

the pixel drive current. 

321. On the contrary, the modification would add to the preexisting function 

of removing ripple and improve upon obvious shortcomings of the original design, 

providing ample motivation for a POSA to implement this modification. As detailed 

above in ¶¶265-316, by rewiring the preexisting circuit, all components of the 

positive power supply would be removed from the video drive signal.  This includes 

the ripple component, the DC level, and any other non-ripple fluctuations such as 

noise.   

322. At the signal flow level, such as illustrated in Hayafuji’s FIG. 6, the 

proposed modification is nothing more than a simple removal of a clearly over-

constrictive functional block, the “ripple component extraction circuit” 14.  
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See Ex. [1006], Hayafuji at FIG. 6. 

323. A POSA would readily recognize that the ripple component extraction 

circuit performs no additive function; rather, it removes most of the content of the 

positive power supply, and in the process, reduces the resilience of Hayafuji’s circuit 

to non-ripple forms of power supply fluctuations.  Indeed, the objective of Hayafuji 

is to teach a circuit configuration that cancels the effect of power supply ripple on 

the video drive signal; this is done by feeding the power supply ripple into voltage 

addition circuit 16 and providing the result to the gate of a drive transistor.  Thus, a 

signal that already exists in the circuit is simply routed to another part of the circuit, 

and the result is cancellation of unwanted fluctuations.   
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324. A POSA would recognize that the same would be true for all 

components of the positive power supply if those components, which already exist 

in the circuit, were simply allowed to enter the voltage addition circuit and feed 

through to the drive transistor gate.  Removing the ripple extraction circuit would be 

an obvious, subtractive modification that would stop Hayafuji’s system from 

blocking non-ripple components of the positive power supply and allow them to be 

cancelled via the very same circuit functionality that Hayafuji explicitly teaches.  As 

this would not be a new cancellation technique, just an application of the same 

technique explicitly taught in Hayafuji to other signal components also already 

within Hayafuji’s embodiments, a POSA would expect to be successful in making 

this modification. 

325. Second, Mr. Credelle argues that “a POSITA would not have been 

motivated to modify amplifier OP3 such that the power supply voltage and video 

signal are connected to the negative and positive input terminals, respectively.  The 

proposed modifications transform what was a summing amplifier circuit into a 

differential amplifier.” See Ex. [2011], Credelle Second Declaration at ¶ 152.  Mr. 

Credelle opines further that “summing the ripple component Vri extracted by the 

ripple component extraction circuit with the video signal Vdata was necessary for 

eliminating the undesirable ripple component of the power supply voltage,” which 
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Mr. Credelle views as “the entire purpose of Hayafuji.” Id.  Thus, Mr. Credelle 

argues that a POSA would not have substituted amplifier topologies as I proposed 

as it “would be contrary to the operating principles of Hayafuji and would have 

rendered it inoperable for its intended purpose.” Id. 

326. I disagree with Mr. Credelle.  He is correct that Hayafuji aims to 

eliminate an undesirable ripple component from the positive power supply and that 

Hayafuji achieves this using a voltage addition circuit; Mr. Credelle fails to observe, 

however, that this is only one of several substantially interchangeable options for 

performing mathematical operations on signals to achieve cancellation.  

327. Indeed, Hayafuji’s method is a mathematical extension of the basic 

operating principle of pixel drive transistor Tr2, wherein the current 𝐼𝐼𝑑𝑑 output by Tr2 

is a function of the voltage between its gate and its source (𝑉𝑉𝑔𝑔𝑔𝑔).  This voltage is 

computed as 𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑔𝑔 − 𝑉𝑉𝑠𝑠, which in the configuration of Hayafuji can be rewritten 

as 𝑉𝑉𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 − 𝑉𝑉𝑎𝑎 (assuming SW1 is closed).  A POSA would be familiar with this 

property of transistors, and a POSA would further recognize that the ripple 

cancellation method of Hayafuji works by ensuring 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 is formed as a combination 

of components of 𝑉𝑉𝑎𝑎 with other terms, such as the input video signal 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑.  This 

mathematical operation, and its corresponding implementation using op amp 

circuits, are exactly what Hayafuji intends to teach. 
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328. With this mathematical framework in place, a POSA would readily see 

potential algebraic manipulations of Hayafuji’s equations.  Indeed, Hayafuji itself 

utilizes algebraic manipulations to arrive at a convenient op amp circuit 

implementation of the desired math.  For instance, a POSA would understand that 

the conceptual block diagram of Hayafuji’s Fig. 6 equation appears to prescribe that 

the system implement the function 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑉𝑉𝑟𝑟𝑟𝑟; however, a POSA would 

recognize that the corresponding op amp circuit implementation in Fig. 7 clearly 

implements the equation 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = −(−𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑉𝑉𝑟𝑟𝑟𝑟), under the reasonable 

assumption of matched resistors.   A POSA would understand that these equations 

are equivalent, and would understand the motivation to manipulate intended circuit 

behavior algebraically in order to arrive at expressions that utilize mathematical 

operations that can be implemented by standard op amp circuits. 

329. Further, a POSA would note that drive transistor Tr2 is a PFET and 

would recognize an opportunity to use the algebraic manipulation and corresponding 

op amp circuit implementations taught by Hayafuji to realize a simple improvement 

to the design of Hayafuji.  The design Hayafuji presents in Fig. 7 results in the 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

signal arriving at PFET Tr2 having undergone two inversions, thus presenting as a 

signal with no net inversion.  Since Tr2 is a PFET, this will result in the pixel current 
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𝐼𝐼𝑑𝑑 being in antiphase with data-encoded signal 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑.  As such, Hayafuji’s 

implementation will require additional accommodation for this. 

330. No additional accommodation is required, however, if a simple 

hardware modification is performed. A POSA would recognize that by exchanging 

the summing op amp OP3 for a differencing op amp, one of the inversions of 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

can be removed from the signal path, while leaving power supply ripple component 

𝑉𝑉𝑟𝑟𝑟𝑟 unaffected.  Thus, 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 will arrive at transistor Tr2 inverted and pixel current 

𝐼𝐼𝑑𝑑 will be in phase with the data-encoded voltage 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, thus removing the need for 

any extraneous signal compensation such as pre-processing.  A POSA would see the 

value in removing the need for extra computational steps through simple hardware 

modification.  I provided the schematic produced by this modification in my analysis 

above at ¶ 273. 

331. Third, Mr. Credelle argues that “Hayafuji relates to a specific type of 

voltage ripple introduced by a DC-DC converter whereas the ’521 patent is 

concerned with voltage drift and noise, such as in battery powered devices.” See Ex. 

[2011], Credelle Second Declaration at ¶ 153.  This argument is substantially similar 

to Mr. Credelle’s first argument, and herein Mr. Credelle performs the same 

unwarranted narrowing of the scope of Hayafuji with the same illogical result.  Mr. 

Credelle is correct that “Hayafuji teaches a ripple extraction circuit that isolates a 
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specific type of ripple which is anticipated to occur.” See Ex. [2011], Credelle 

Second Declaration at ¶ 153.   However, Mr. Credelle is not correct that “the 

proposed modification would defeat the entire purpose of Hayafuji’s system,” as the 

proposed modification would satisfy “the purpose of Hayafuji’s system” in addition 

to providing cancellation of other unwanted fluctuations of the positive power 

supply.  As argued in my response to Mr. Credelle’s first argument, a POSITA would 

recognize the improvement to functionality offered by removing the ripple 

component extraction circuit of Hayafuji that throws away deleterious aspects of the 

positive power supply voltage that could have been cancelled if they simply had not 

been blocked. 

332. Finally, Mr. Credelle uses a passage from my deposition in an attempt 

to make it appear that I have contradicted my own views on whether it would be 

“obvious to use the power supply voltage as an offset to the video signal as required 

by claim 1.” See Ex. [2011], Credelle Second Declaration at ¶ 154.  Mr. Credelle is 

correct that the modified circuit of Hayafuji will “result in an alleged video drive 

signal Vgate that is the difference between power supply voltage Va and video signal 

Vdata: Vgate = Va – Vdata.” Id. Mr. Credelle is incorrect, however, that I made any 

statement suggesting that this equation is anything other than the result of 

performing modifications to Hayafuji that a POSA would have found obvious.   
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333. In the deposition passage Mr. Credelle cites, I was merely explaining 

that if a video drive signal v(t) were to exceed the positive power supply VDD, 

perhaps as a result of a summing op amp circuit adding VDD to a signal already 

comprised purely of positive values, this signal would not be suitable for driving the 

gate of the PFET pixel drive transistor embodied in the ’521 Patent (and also in 

Hayafuji).  This is simply a result of the basic operating principles of PFETs, wherein 

a PFET becomes conducting when its gate is at a lower voltage than its source.  In 

the ’521 Patent, and also in Hayafuji, the respective drive PFETs have their source 

terminals connected to the positive power supply voltage, thus making gate drive 

voltages higher than this positive power supply unsuitable for use.  My statements 

were merely an attempt to describe this principle, not to provide commentary on 

whether it would “have been obvious to use the power supply voltage as an offset to 

the video signal as required by claim 1.”  Id. 

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  

334. As described above in ¶¶265-316, it is my opinion that a POSA would 

have found it obvious to include “a current mode isolator circuit” because it allows 

for improved compensation to transistor mobility and threshold variations. Mr. 
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Credelle has not provided specific analysis of this claim, and as such I understand 

that he does not contest that Hayafuji discloses “a current mode isolator circuit.”  

Indeed, Hayafuji discloses such a circuit within his Fig. 10, which a POSA would 

recognize as an alternate implementation of the system shown in Fig. 6.  As such, 

the modifications to Fig. 6 I described in ¶¶265-316, and motivations for those 

modifications, would apply equally to Fig 10, such that a “video drive signal being 

the difference between the positive power supply voltage and the video signal” is 

produced through use of a “current mode isolator circuit.” 

335. Furthermore, as Mr. Credelle explains that a voltage can be easily 

transformed into a current and that a current can be used to drive a current driver 

coupled to a pixel. See Ex. [2011], Credelle Second Declaration at ¶ 43.  

336. This article explains the benefits of transforming a voltage into a current 

stating “[t]he advantage of programming the pixel with a current is that pixel to pixel 

variations in the drive TFT and the OLED threshold voltage can be calibrated out by 

letting the pixel settle to the conditions appropriate for the desired data current.” See 

Ex. [2003], Dawson at 875-878.  

337. Mr. Credelle admits that it was well-known before the time of filing to 

“provide low impedance drive signals,” which a POSA would have recognized as 
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meaning a circuit that isolates its input from its output. Ex. [2011], Credelle Second 

Declaration at ¶ 38. 

338. Therefore, such techniques as well as their advantages were clearly 

known in the art and a POSA with the motivation to implement such techniques with 

a reasonable expectation of success given that such techniques had been tried and 

tested in over seven years before the filing date.  

 
D. Ground 5: Claims 1, 2, 3 and 4 of the ’521 Patent are Obvious in 

View of Steer and the Knowledge of a POSA 

339. The figure below is an annotated reproduction of FIG. 2 of the ’521 

Patent illustrating the first embodiment. 

 

See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 
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a) 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:  

340. To the extent the preamble is limiting, Steer 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. 

341. Steer discloses an active matrix OLED display the includes an array of 

display pixels. See Ex. [1008], Steer at Abstract, (“[a]n active matrix 

electroluminescent display device compris[ing] an array of display pixels.”), 1:11-

14, (“[t]he display elements may comprise organic thin film electroluminescent 

elements, for example using polymer materials, or else light emitting diodes (LEDs) 

using traditional III-V semiconductor compounds.”). 

342. Steer further discloses a display panel consisting of rows, columns, and 

pixel circuits. 
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See Ex. [1008], Steer at FIG. 1. 

FIG. 1 shows a known pixel circuit for an active matrix addressed 
electroluminescent display device. The display device comprises a 
panel having a row and column matrix array of regularly-spaced pixels, 
denoted by the blocks 1 and comprising electroluminescent display 
elements 2 together with associated Switching means, located at the 
intersections between crossing sets of row (selection) and column 
(data) address conductors 4 and 6. Only a few pixels are shown in the 
Figure for simplicity. In practice, there may be several hundred rows 
and columns of pixels. The pixels 1 are addressed via the sets of row 
and column address conductors by a peripheral drive circuit comprising 
a row, Scanning, driver circuit 8 and a column, data, driver circuit 9 
connected to the ends of the respective sets of conductors. 

 

See Ex. [1008], Steer at 2:3-13. 
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343. Steer further explains that “a comparator section 50 compares the 

voltage at node 43 with an input voltage at input 52 representing the desired current.” 

See Ex. [1008], Steer at 9:14-15. 

344. Though, Steer does not expressly disclose that input voltage 52 is a 

video signal, A POSA would have been 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.  

345. As described in the ’521 Patent the video signal that is used to set the 

drive voltage, biases the gate of the drive transistor and sets the brightness along 

with the voltage VDD. See Ex. [1001], the ’521 Patent at 1:65:2:1, (“The analog video 

signal Video.DAC is summed With a DC voltage VDC (node 14) at a summer 20 to 

generate the video drive signal v(t) for driving the AMOLED display panel.”). See 

Ex. [1001], the ’521 Patent at 1:37-39, (“Thus, the brightness level of an AMOLED 

display Will tend to drift with power supply voltage [VDD] variations.”).  A POSA 

would realize that as input 52 represents the “desired current” flowing in the OLED 

that this also corresponds to the desired brightness of the OLED which according to 

Steer, is set in by the input voltage 52, the video signal and the power supply voltage 

as applied to the drive transistor. 
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346. Furthermore, Steer is directed to an “analogue implementation,” 

providing a POSA further motivation to use an (analogue) video signal. See Ex. 

[1008], Steer at 11:3-4. Steer also suggests that matrix display devices, such as in 

Steer, are commonly used for video because they have “demonstrated their ability 

to be used practically for video display devices.” See Ex. [1008], Steer at 1:15-16. 

347. Steer further 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.” See Ex. [1008], Steer at 8:3-4,7:26-27. Thus, 

a POSA would have understood that FIGs. 3 - 4 correspond to the same embodiment. 

See Ex. [1008], Steer at FIGs. 3-4 (annotated). 
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See Ex. [1008], Steer at FIGs. 3-4 (annotated). 

348. Therefore, Steer 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 

and thus discloses limitation [1-Pre] of the ’521 Patent. 
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[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 

349. Steer discloses 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. 

350. Steer describes that transistor switching circuits are associated with 

each pixel. See Ex. [1008], Steer at 1:6-8, (“[t]his invention relates to 

electroluminescent display devices, particularly active matrix display devices having 

thin film switching transistors associated with each pixel.”). 

351. Furthermore, Steer describes that each pixel is addressed by column 

and row driver circuits. See Ex. [1008], Steer at 2:10-13, (“[t]he pixels 1 are 

addressed via the sets of row and column address conductors by a peripheral drive 

circuit comprising a row, scanning, driver circuit 8 and a column, data, driver circuit 

9 connected to the ends of the respective sets of conductors.”). 

352. For the column driver Steer discloses that it may include a feedback 

circuit (see Ex. [1008], Steer at 8:18-20) including a current-to-voltage converter 

that includes an amplifier biased with VSUPPLY. 

A current-to-voltage converter section 42 provides a voltage at node 43 
dependent on the current being provided down the current-
measurement supply line 34. The current-to-voltage converter section 

 Samsung Display, Ex. 1015, p. 181 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 179 - 

42 has a high open loop gain amplifier 44 so that the current-
measurement Supply line, connected to the virtual earth amplifier input, 
is held at the voltage Vs. on the other input of the amplifier 44. This is 
the same supply voltage as for the power supply line 26. 

 

See Ex. [1008], Steer at 9:4-10. 

353. Steer further explains that the voltage output of the amplifier may differ 

from the supply voltage by a value related to the resistance of, and current through, 

feedback resistor 46. See Ex. [1008], Steer at 9:10-12, (“[t]he voltage at node 43 

[i.e., the output of section 42] 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.”). 

354. Steer further discloses a comparator 50 that compares the node 43 an 

input voltage at 52 that represents the desired current.  See Ex. [1008], Steer at 9-14-

15, (“a comparator section 50 compares the voltage at node 43 with an input voltage 

at input 52 representing the desired current.”). 
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See Ex. [1008], Steer at FIG. 4 (annotated). 

355. Finally, as shown above the signal on 6 is applied to the gate of 

transistor 22 though transistor 16. Thus, comparator section 50 corresponds to the 

claimed video driver. 

356. Therefore, a POSA would have recognized that “comparator section 

50” that “acts as a driver” corresponds to the claimed video driver. Moreover, as 

discussed above for Ground 5, Limitation [1-Pre], a POSA would have understood 

it was obvious that “input voltage at input 52” is the claimed video signal. 

357. Additionally, a POSA would have recognized that the output of 

comparator section 50, which is a comparison between “the voltage at node 43 with 
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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 multiplied by I, where R is the resistance of 

resistor 46 and I is the current flowing. See Ex. [1008], Steer at 9:10-14; Steer’s 

Node 43 voltage is thus represented as: 

Steer (1):  𝑉𝑉43 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑅𝑅 ∗ 𝐼𝐼 

358. Therefore, a POSA would have recognized that voltage at node 43 is 

VSUPPLY with an offset, and therefore, a comparison between voltage at node 43 (V43) 

and input voltage at input 52 via the operational amplifier would result in a signal 

indicative of voltage at input 52 (V52 or input(t)) (i.e., the claimed video signal) and 

referenced to VSUPPLY (i.e., the claimed positive power supply voltage of the 

AMOLED display panel). The resulting output on node 6 (V6) (the claimed video 

drive signal) in Steer is shown below in equation (2), which shows that the VGS 

includes video signal (input(t)) subtracted from VSUPPLY.   

Steer (2):  𝑉𝑉6 =  𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑅𝑅 ∗ 𝐼𝐼 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡) 

359. The ’521 Patent similarly explains that video drive signal v(t) is 

“referenced to” VDD in equation (5) reproduced below, which shows video signal 
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(Video.DAC) being subtracted from VDD. See Ex. [1008], Steer at 6:10-31 

(“Equation 5”). 

’521 Eq.(5):   𝑣𝑣(𝑡𝑡) =  𝑉𝑉𝐷𝐷𝐷𝐷 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉.𝐷𝐷𝐷𝐷𝐷𝐷  

360. Therefore, as described above and consistent with the annotated image 

above in the annotated version of FIG. 3 and 4, Steer discloses a video driver 

(circuitry in green annotation below for Video Driver) receiving the video signal 

(signal on input 52 representing the desired current) and generating a video drive 

signal (output on line 6) indicative of the video signal and referenced to a positive 

power supply voltage (drive voltage VSUPPLY) of the AMOLED display panel.  

[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, 

361. Steer discloses 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. 

362. Steer discloses “Each pixel 1 comprises the EL display element 2 and 

associated driver circuitry…. the address transistor 16 supplies the column 

conductor voltage [e.g., line 6] to a current source 20, which comprises a drive 

transistor 22 and a storage capacitor 24.” See Ex. [1008], Steer at 2:31-3:6. Steer 
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teaches that “row (selection) and column (data) address conductors [respectively 

correspond to] 4 and 6.” See Ex. [1008], Steer at 2:8-9. Steer explains “the control 

line voltage on the column conductor 6 provides drive of the drive transistor 22 in 

the pixel.” See Ex. [1008], Steer at 9:25-26. Thus, a POSA would have understood 

that output of the comparator section 50 is column conductor 6, which is supplied to 

the gate of the drive transistor 22 when the transistor 16 and transmission gate 40 

are turned on. See Ex. [1008], Steer at 8:32-9:3. 

363. Steer discloses that in FIG. 3, “the potential on the current-

measurement supply line 34 is maintained at the power supply voltage VSUPPLY, 

which corresponds to the voltage on the power supply line 26 during the pixel drive 

phase.” See Ex. [1008], Steer at,10:14-16. Moreover, during the pixel drive phase 

where current is supplied to the pixel, PPS line 26 corresponds to VSUPPLY. Steer also 

explains that during the drive phase after the pixel programming mode, that 

transistor 30 is turned on such that PPS line 26 voltage would appear at the source 

terminal of the drive transistor 22. See Ex. [1008], Steer at,10:5-10. 

364. Therefore, consistent with FIG. 3 (annotated) above, a POSA would 

have recognized that Steer discloses a current driver (circuitry in light blue 

annotation including drive transistor 22 and capacitor 24) coupled to at least one 

OLED pixel element (organic EL element 2), the current driver receiving the video 
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drive signal (column conductor voltage 6 gate-connected via transistor 16 to drive 

transistor 22) and the positive power supply voltage (supply voltage 26) and 

providing a drive current (via drive transistor 22) to the at least one OLED pixel 

element. See Ex. [1008], Steer at FIG. 3 (annotated). 

 

See Ex. [1008], Steer at FIG. 3 (annotated). 

[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. 

365. Steer discloses that the drive current being proportional to a current 

drive voltage being indicative of the video signal and independent of the positive 

power supply voltage. 
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366. Steer discloses that the column voltage at line 6 is provided to the gate 

of the drive transistor 22. See Ex. [1008], Steer at 3:6-7, (“the column voltage [via 

line 6] is provided to the gate of the drive transistor 22.”). 

367. Steer further describes how drive transistor 22 is a PMOS TFT that is 

biased by the voltage across capacitor 24. 

The column voltage is provided to the gate of the drive transistor 22, 
and the gate is held at this voltage by the storage capacitor 24 even after 
the row address pulse has ended. The drive transistor 22 draws a current 
from the power supply line 26. 
 
The drive transistor 22 in this circuit is implemented as a PMOS TFT, 
so that the storage capacitor 24 holds the gate source voltage fixed. This 
results in a fixed source-drain current through the transistor, which 
therefore provides the desired current source operation of the pixel. 

 

See Ex. [1008], Steer at 3:6-13. 

368. The gate voltage supplied to the gate of the drive transistor 22 results 

in the gate source voltage being a value equal to the difference between the voltage 

at the source of the drive transistor 22 (coupled to the positive power supply 26) and 

the voltage provided from the driver on line 6 on the gate of the drive transistor 22. 

Thus “gate source voltage” is the claimed current drive voltage and the voltage is 

indicative of the video signal since the gate voltage, as explained with reference to 

Limitation [1-B], is generated using the video signal on line 52.   
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369. As explained above with reference to Limitation [1-B], the current that 

flows through the drive transistor 22 and into the EL element 2 is the claimed drive 

current. Further, a POSA would have understood that the gate source voltage 

changes as the gate voltage changes.  Accordingly, a POSA would have understood 

that the claimed drive current is proportional to the current drive voltage.   

370. Moreover, as explained with reference to Limitation [1-A], the video 

drive signal applied to the gate of the drive transistor 22 is generated by the 

“comparator section 50” (i.e., the claimed video driver) via a comparison between 

the voltage on the input 52 (i.e., the claimed video signal) and a voltage at node 43 

that is dependent on VSUPPLY (which is also the voltage on line 26) (i.e., the claimed 

positive power supply voltage).   

371. Accordingly, 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.  This 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 positive power supply.   
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372. A mathematical representation of the voltages at each node shows that 

the VSUPPLY does not appear in the gate to source voltage over the drive transistor 22 

and therefore is independent of VSUPPLY for at least the same reasons as described in 

the ‘521 Patent.  As discussed with reference to Limitation [1-A], VSUPPLY is the 

same as the voltage on line 26.  The voltage on line 52 is represented by input(t) in 

equation (1), the voltage on line 43 is represented by equation (2), the voltage on 

line 6 is represented by equation (3), and the gate-to-source voltage on the drive 

transistor is represented by equation (4).   

𝑉𝑉52 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑡𝑡)  (1) 

𝑉𝑉43 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑅𝑅 ∗ 𝐼𝐼  (2) 

𝑉𝑉6 =  𝑉𝑉43 − 𝑉𝑉52   (3) 

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

equation (4A).  

𝑉𝑉𝐺𝐺𝐺𝐺 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑅𝑅 ∗ 𝐼𝐼 − 𝑣𝑣𝑣𝑣𝑑𝑑𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑡𝑡)− 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  (4A) 

374. Since the first VSUPPLY will be eliminated in equation (4A) via 

subtraction of the second VSUPPLY, the gate-to-source voltage VGS on the drive 

transistor 22 (i.e., the claimed current drive voltage) is independent of the positive 

power supply voltage. 
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375. Therefore, as described above and consistent with the annotated version 

of FIG. 3 and FIG. 4, 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 

independent of the positive power supply voltage (supply voltage VSUPPLY on line 26 

and within 42).  
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See Ex. [1008], Steer at FIG. 3 and FIG. 4 (annotated). 

b) 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. 

376. Steer discloses that 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. 

377. As described above with reference to Limitation [1-A], the video drive 

signal is generated by the “comparator section 50.” 
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378. Steer discloses that the comparator section compares the voltage at 43 

with input 52, the desired current and that the voltage at node 43 differs from the 

supply voltage based on the current though, and the value of resistor 26. See Ex. 

[1008], Steer at 9:14-15, (“A comparator section 50 compares the voltage at node 43 

with an input voltage at input 52 representing the desired current.”). See also Ex. 

[1008], Steer at 9:10-12, (“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.”). 

379. Steer further discloses that the output of comparator 50 is connected to 

the column conductor 6 and to the gate of the drive transistor. See Ex. [1008], Steer 

at 10:1-4, (“With reference to FIG. 3, the gate-source voltage for the drive transistor 

is stored on capacitor 24. This voltage is derived from the voltage provided by the 

feedback system on the column conductor 6.”). 

380. Thus, Steer teaches that the drive voltage on line 6 (V6) (i.e., the 

claimed video drive signal) is the difference between the voltage at node 43 (V43) 

and the voltage on input line 52 (input(t)) (i.e., the claimed video signal).  Further, a 

POSA would have understood that V43 as discussed with reference to Limitations 

[1-A] and [1-C] is equal to VSUPPLY + R * I.  Consequently, a (V6) (i.e., the claimed 
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video drive signal) is indicative of the difference between positive power supply 

voltage and the video signal, as claimed.   

𝑉𝑉6 = 𝑉𝑉43 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡)     

V43  =  Vsupply  +  R ∗ I     

𝑉𝑉6 = 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑅𝑅 ∗ 𝐼𝐼 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡)   

381. Moreover, as discussed with reference the Limitation [1-C], the 

claimed current drive voltage is the gate-to-source voltage over the drive transistor 

22 (VGS).  As also discussed, VGS is equal to the difference between the gate voltage 

applied via line 6 (V6) and the voltage on line 26 (VSUPPLY).  Consequentially, a 

POSA would have understood that the current drive voltage (VGS) is indicative of 

the difference between the positive power supply voltage (VSUPPLY) and the video 

drive signal (V6). 

VGS  =  V6   −  V𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆   

382. Therefore Steer discloses that the video drive signal (gate voltage V6) 

is indicative of the sum of or the difference between the positive 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 V6).  
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c) 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. 

383. The figure below is an annotated reproduction of FIG. 2 of the ’521 

Patent illustrating the first embodiment. 

 

See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 

384. As discussed above a POSA would have recognized that Steer discloses 

a video driver (circuitry in green annotation below for Video Driver) receiving the 

video signal (a voltage on input line 52) and generating a video drive signal (gate 
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voltage V6) indicative of the video signal and referenced to a positive power supply 

voltage (supply voltage VSUPPLY) of the AMOLED display panel.  

 

See Ex. [1008], the ’521 Patent at FIG. 4 (annotated). 

385. Steer discloses that the comparator section 50 compares the voltage at 

node 43 with input node 52 which represents the desired current. See Ex. [1008], 

Steer at 9:23-24. The placement of the resistors of comparator 50 are that of a 

differential amplifier (see Ex. [1010], Horowitz Text at pg. 185) and that the input 

line 52 is coupled to the negative terminal of the operational amplifier via a resistor 

and that node 43 that is a function of VSUPPLY is coupled to a positive terminal of the 
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operational amplifier and therefore the output on line 6 (V6) is the difference between 

the VSUPPLY and the voltage on input line 52 (input(t)). 

386. Steer teaches that the drive voltage on line 6 (V6) (i.e., the claimed video 

drive signal) is the difference between the voltage at node 43 (V43) and the voltage 

on input line 52 (input(t)) (i.e., the claimed video signal).  Further, a POSA would 

have understood that V43 as discussed with reference to Limitations [1-A] and [1-C] 

is equal to VSUPPLY + R * I.  Consequently, a (V6) (i.e., the claimed video drive signal) 

is indicative of the difference between positive power supply voltage and the video 

signal, as claimed.   

𝑉𝑉6 = 𝑉𝑉43 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡)     

V43  =  Vsupply  +  R ∗ I     

𝑉𝑉6 = 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑅𝑅 ∗ 𝐼𝐼 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡)   

387. Moreover, as discussed with reference the Limitation [1-C], the 

claimed current drive voltage is the gate-to-source voltage over the drive transistor 

22 (VGS).  As also discussed, VGS is equal to the difference between the gate voltage 

applied via line 6 (V6) and the voltage on line 26 (VSUPPLY).  Consequentially, a 

POSA would have understood that the current drive voltage (VGS) is indicative of 

the difference between the positive power supply voltage (VSUPPLY) and the video 

drive signal (V6) 
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VGS  =  V6   −  V𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆   

388. Therefore Steer discloses that the video drive signal (gate voltage V6) 

is indicative of the sum of or the difference between the positive 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 V6) .  

389. Steer further discloses that “[a]fter the pixel programming mode, the 

transmission gate 40 is turned off, and the row conductor 4 is operated to turn off 

the address transistor 16 and the transistor 32 but to turn on the transistor 30.” See 

Ex. [1008], Steer at 10:5-7. 

390. Steer is silent on the value of the resistors in the differential circuit of 

the video driver. A POSA would have been motivated to make the obvious design 

choice of using the same value of resistors in the differential circuit making the 

amplifier unity-gain for the following reasons: (1) it is a conceptually simpler design 

less sensitive to resistor tolerances; (2) a unity-gain differential amplifier can be 

implemented in a single integrated-circuit with embedded resistor leading to a 

simpler implementation; and (3) this simple implementation can reduce costs.  
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391. A POSA would have been further 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.  

392. Accordingly, a POSA would have recognized that Steer discloses a 

condition of the video drive signal (V6) being the difference between the positive 

power supply voltage and the video signal. In a first example, V6 (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.  

393. 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.  

394. Moreover, in some circumstances, a first programming phase will 

charge the 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(t)). That is, the first current will correspond 
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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. See Ex. [1008], Steer at 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 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).  

395. Therefore, as shown in annotated FIG. 4 below, a POSA would have 

recognized 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). 
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See Ex. [1008], Steer at FIG. 4 (annotated). 

 

d) Claim 4 

[4-Pre]: The AMOLED display system of claim 3, 
wherein the video driver comprises: 

396. The figure below is an annotated reproduction of FIG. 2 of the ’521 

Patent illustrating the first embodiment. 
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See Ex. [1001], the ’521 Patent at FIG. 2 (annotated). 

[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; 

397. In the ’521 Patent, the operational amplifier corresponds to element 104 

in FIG. 2.  

398. As discussed above a POSA would have understood 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 
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positive input terminal is the reference voltage against which the negative terminal 

voltage is compared to. See also Ex. [1010], Horowitz Text at pg. 181.  

399. Furthermore, according to Steer, 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 VSUPPLY connected to the other input 

of amplifier 44. See Ex. [1008], Steer at 9:6-9, (“The current-to-voltage converter 

section 42 has a high open loop gain amplifier 44 so that the current-measurement 

supply line, connected to the virtual earth amplifier input, is held at the voltage 

VSUPPLY on the other input of the amplifier 44.”).  

400. The output of this amplifier 44 is connected to the input of the amplifier 

50. See Ex. [1008], Steer at 5:57-59, (“A comparator section 50 compares the voltage 

at node 43 with an input Voltage at input 52 representing the desired current.”). 

401.  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. 

402. Furthermore, the conventional differential amplifier is typically 

configured with negative feedback meaning that the feedback resistor is connected 

to the inverting terminal of the op amp. See Ex. [1010], Horowitz at pg. 185. 
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403. Thus, a POSA would have understood that a first resistor would be 

connected to the positive terminal. Moreover, a POSA would understand that node 

43 that is a function of VSUPPLY is coupled to a positive terminal of the operational 

amplifier and therefore the output on line 6 (V6) is the difference between the 

VSUPPLY and the voltage on input line 52 (input(t)). Also, there are particular 

circumstances where node 43 is exactly VSUPPLY.  

404. Therefore, as shown in annotated FIG. 4 below, a POSA would have 

understood 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 

(annotated in lime green as the video drive signal on conductor line 6).  
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See Ex. [1008], Steer at FIG. 4 (annotated). 

 
[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; 

405. In the ’521 Patent, the first resistor corresponds to element 107 in FIG. 

2.  

406. For the same reasons as discussed for at Claim 3 and as shown in 

annotated FIG. 4 below, a POSA would have understood that Steer discloses or 

renders obvious the first resistor (annotated in light pink) being coupled between the 
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positive input terminal of the operational amplifier (annotated in blue) and a ground 

voltage (“GND” in FIG. 4) or a negative power supply voltage.  

 

See Ex. [1008], Steer at FIG. 4(annotated). 

 

[4-C]: the second resistor being coupled between the 
video signal and the negative input terminal of the 
operational amplifier; 

407. In the ’521 Patent, the second resistor corresponds to element 105 in 

FIG. 2.  

408. For the same reasons as discussed at Claim 3 and as shown in annotated 

FIG. 4 below, a POSA would have understood that Steer discloses or renders 
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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). 

 

See Ex. [1008], Steer at FIG. 4 (annotated). 

 

[4-D]: a third resistor being coupled between the 
positive input terminal of the operational amplifier 
and the positive power supply voltage; and 

409. In the ’521 Patent, the third resistor corresponds to element 108 in FIG. 

2.  
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410. As discussed at Limitation [1-A], node 43 is the PPS voltage offset by 

a value of R multiplied by I. R is the resistor labeled 46. See Ex. [1008], Steer at 

5:51-54. Also as discussed at Claim 3 there are circumstances where node 43 is 

exactly VSUPPLY. Thus, a POSA would have understood the voltage at node 43 to be 

the PPS voltage at least during the described conditions.  

411. For the same reasons as discussed at Claim 3 and as shown in annotated 

FIG. 4 below, a POSA would have understood 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). 
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See Ex. [1008], Steer at FIG. 4 (annotated). 

 

[4-E]: a fourth resistor being coupled between the 
negative input terminal and the output terminal of the 
operational amplifier. 

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

FIG. 2.  

413. For the same reasons as discussed at Claim 3 and as shown in annotated 

FIG. 4 below, a POSA would have understood 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). 
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See Ex. [1008], Steer at FIG. 4 (annotated). 

e) Responses to Specific Issues Raised by Mr. Credelle 

414. Mr. Credelle opines that Steer and the knowledge of a POSA do not 

disclose or render obvious Claim Elements [1-A] and [1-C] and Claim 3 of the ’521 

Patent. See Ex. [2011], Credelle Second Declaration at ¶¶ 164-185. 

415. With respect to Claim Element [1-A], Mr. Credelle opines two-fold. 

First, that Steer’s “video drive signal depends on the current in the feedback circuit;” 

and second, that Steer’s “alleged video driver amplifies the signal based on the 

values of the resistors in the comparator circuit.” See Ex. [2011], Credelle Second 

Declaration at ¶¶ 165, 172. I disagree with these opinions as detailed below.  

416. First, the feedback current will, at times during display operation be 

zero. Even at times when the feedback current is not zero, the video drive signal is 

still “referenced to the positive power supply” as disclosed in the ’521 Patent.  

417. Second, Steer discloses the same operational amplifier configuration as 

the ’521 Patent, and non-unity gain is not a requirement in either, as shown below. 

418. With respect to Claim Element [1-C], Mr. Credelle argues that the 

limitation “the drive current being … independent of the positive power supply 

voltage is not met” because it is a function of the feedback current. See Ex. [2011], 

Credelle Second Declaration at ¶¶ 176-185. As stated above, the feedback current 

will, many times during display operation, be zero, and even at times when the 
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feedback current is not zero, the video drive signal is still “the drive current being 

… independent of the positive power supply voltage.”  

Steer’s video drive signal V6 is “referenced to” power 
supply voltage VSUPPLY even when the feedback current 
is non-zero 

 
419. Mr. Credelle argues that the “alleged video drive signal 𝑉𝑉6 is not 

referenced to the positive power supply voltage….” See Ex. [2011], Credelle Second 

Declaration at ¶ 164. Mr. Credelle opines that “[i]n the context of the ’521 patent, a 

video drive signal is referenced to the positive power supply when the positive power 

supply is used as a baseline to measure the voltage.” See Ex. [2011], Credelle Second 

Declaration at ¶ 164.    

420. Mr. Credelle’s first opinion is that the “alleged video drive signal” of 

Steer “is not referenced to the positive power supply voltage because the alleged 

video drive signal depends on the current in the feedback circuit.” Ex. [2011], 

Credelle Second Declaration at ¶ 165. Specifically, Mr. Credelle provides the 

following equation for the voltage at node 𝑉𝑉6, which is the node on which the video 

drive signal appears: 

𝑉𝑉6 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑅𝑅46𝐼𝐼 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡)  

See Ex. [2011], Credelle Second Declaration at ¶ 167. 
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421. Mr. Credelle’s opinion rests on the idea that the current 𝐼𝐼 appears in the 

above equation, thus introducing a third voltage 𝑅𝑅46𝐼𝐼 into his equation for 𝑉𝑉6.  

However, Mr. Credelle’s definition of “referenced to” does not place any limitations 

on the number of terms that may appear in the calculation of one voltage when 

evaluating whether it is “referenced to” another voltage.  Rather, the above equation 

provides a formula for determining the video drive signal voltage 𝑉𝑉6 given a known 

value of 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 which is equivalent to using 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 as a baseline for establishing 

the voltage at 𝑉𝑉6. 

422. Mr. Credelle then attempts to use disclosures in Steer related to the 

operation of comparator section 50 to support his view that the video drive signal is 

not referenced to the positive power supply voltage. Mr. Credelle cites to passages 

in Steer disclosing that comparator section 50 “effectively provide[s] measurement 

of the current drawn and comparison with the desired current” and thus provides an 

“output voltage [that] is a function of the current drawn from the current-

measurement supply line. See Ex. [2011], Credelle Second Declaration at ¶ 167; See 

also Ex. [1008], Steer at Ex. [1008], Steer at 9:14-17, 9:12-13.  These disclosures do 

nothing to support Mr. Credelle’s opinion; they merely restate the connectivity 

captured by his equation for 𝑉𝑉6.  Thus, Mr. Credelle is incorrect for the reasons I 

have provided above.   

 Samsung Display, Ex. 1015, p. 212 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 210 - 

423. Furthermore, there are periods during the nominal operation of the 

circuit of Steer wherein the current 𝐼𝐼 drops to zero, and the equation for the video 

drive signal becomes: 

𝑉𝑉6 = 𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖(𝑡𝑡) 

424. This form is identical to Eq. (2) of the ’521 Patent, and while there is 

no need for 𝑉𝑉6 to be expressed as a difference between 𝑉𝑉𝑆𝑆𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 and exactly one other 

node voltage, the fact that the equation for 𝑉𝑉6 may be cast in this form under zero-

current conditions lends further support to the notion that  𝑉𝑉6 is indeed referenced to 

𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆.   

425. Mr. Credelle takes issue with this, stating that the zero-current case is 

“irrelevant…because there can be no dispute that the current does flow to the 

feedback circuit when the alleged video drive signal is programming the pixel 

circuit.” See Ex. [2011], Credelle Second Declaration at ¶ 168.  Mr. Credelle is 

incorrect that the zero-current case is irrelevant, however, as Steer’s circuit provides 

ways in which current 𝐼𝐼 can be driven to zero.  I have provided several examples of 

zero-current conditions above in ¶¶ 392-394. 
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Steer teaches the same Operational amplifier 
configuration as the ’521 Patent 

426. Mr. Credelle appears to contradict himself when opining that Steer 

somehow requires non-unity gain. Below is a side-by-side comparison of Fig. 4 of 

Steer and Fig. 2 of the ’521 Patent.  

 

427. Mr. Credelle’s central argument is that Steer requires the output of 

“comparator 50” to have non-unity gain. See Ex. [2011], Credelle Second 

Declaration at ¶¶ 173-175.  

428. To support this position Mr. Credelle points to a statement in Steer that 

“[t]he amplified output of the comparator section 50 is provided to the column 

conductor through the gate 40” and that the video drive signal V6 of Steer is not 

“referenced to the positive power supply voltage” because the entire equation is 

multiplied by R4/R3 as shown above, resulting in a value for V6 that is not an offset 
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from VSUPPLY. See Ex. [2011], Credelle Second Declaration at ¶¶ 173-175; Ex. 

[1008], Steer at 9:17-18. 

429. First, Mr. Credelle does not explain why the term “amplified output” 

requires non-unity gain. In fact, when describing an output buffer with no gain, Mr. 

Credelle describes the output from the unity-gain buffers as having been 

“amplified.” See Ex. [2011], Credelle Second Declaration at ¶ 38 (“Analog data is 

then amplified (output buffer)”); see also Ex. [1016], Credelle Deposition Transcript 

at 101:12-14.  

430. As such, Steer’s disclosure of an “amplified output” does not preclude 

the use of a unity gain amplifier. Further, Steer’s suggestion of using an optional 

“integrating amplifier” also does not introduce any requirement of non-unity gain.  

Moreover, a POSA would readily comprehend that Steer does not disclose that 

amplifiers providing non-unity gain would be either required or preferred. 

431. A POSA would recognize obvious practical benefits to making Steer’s 

amplifier unity gain.  Choosing to use resistors of equal resistance in the differential 

circuit makes this amplifier unity-gain, and a POSA would recognize that using a 

uniform resistance for all required resistors is beneficial because it is conceptually 

simpler, easier to implement, and cheaper to produce. See Ex. [1002], Kattamis 

Declaration at ¶¶ 313-314.  

 Samsung Display, Ex. 1015, p. 215 
Samsung v. Polaris, IPR2023-00771



Case No. IPR2023-00771 
U.S. Patent 7,259,521 

Declaration of Dr. Alex Kattamis 

 - 213 - 

432.  Furthermore, the ’521 Patent itself discloses using matched resistors: 

“[i]n the video driver 102, resistors 105 to 108 can have the same or different 

resistance values” based on whether “some gain or attenuation is desired…as is 

understood by one of ordinary skill in the art.” See Ex. [1001], the ’521 Patent at 

5:31-37. Accordingly, the ’521 Patent documents the design choices that would have 

been readily available to a POSA, and indicates that many different resistor selection 

options, including using matched resistors, would be within the envisioned scope of 

the invention. 

 SECONDARY CONSIDERATIONS 

433. During prosecution of the Challenged Patent, the applicants did not 

discuss any secondary considerations of non-obviousness, and I am not aware of any 

secondary considerations that would support non-obviousness. Should the Patent 

Owner put forth any alleged evidence of secondary considerations in connection 

with the Challenged Patent, I reserve the right to consider such evidence, to consider 

whether any such evidence has a nexus to any claims of the Challenged Patent, and 

to update my analysis. 

 CONCLUSION 

434. All statements made herein of my own knowledge are true, and all 

statements made on information and belief are believed to be true. I further 

understand that willful false statements and the like are punishable by fine or 
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imprisonment, or both under Section 1001 of Title 18 of the United States Code. I 

declare under penalty of perjury that the foregoing is true and correct. 

 
Executed on April 29, 2024.     
 

       
Alex Z. Kattamis, Ph.D., P.E. 
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