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I, Greg Taylor, do hereby declare as follows: 

I. INTRODUCTION 

1. I have been retained by counsel for Microchip Technology Inc.  

(“Microchip” or “Patent Owner”) in the above-captioned matter as an independent 

consultant.  I have been asked consider whether the Petition’s prior art in Ground 1 

(the Al-Shyoukh ground) or Ground 2 (the Rincon-Mora ground), when considered 

in light of the knowledge of a person of ordinary skill in the art (“POSITA”), show 

that claims 1-18 in U.S.  Pat.  9,471,074 (“the ’074 patent” or “the challenged patent”) 

are obvious. 

2. I have confined my analysis to the materials available at the time of the 

preparation of this Declaration - supplemented with my own knowledge and 

experience in the field.  Should new materials, analyses, or opinions be introduced 

subsequent to the filing of this Declaration, I reserve the right to provide 

supplementary declarations to the extent necessary to address any such newly-

introduced items. 

II. BACKGROUND AND QUALIFICATIONS 

3. I summarize in this section some of my educational background, career 

history, publications, and other relevant qualifications.  My full curriculum vitae is 

attached as Appendix A to this Declaration.  During the past 5 years I submitted 

declarations in the following matters, but otherwise have not testified in any cases. 
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 The co-pending district court litigation between the same parties; 

 IPR2021-01531; 

 IPR2022-00481; 

 IPR2022-00285; 

 IPR2023-00453; 

 Ex Parte Reexamination No.  90/019,063; 

 Ex Parte Reexamination No.  90/019,015; and 

 Ex Parte Reexamination No.  90/019,117. 

4. I earned a Doctor of Engineering (Ph.D.) degree in Computer and 

Systems Engineering from Rensselaer Polytechnic Institute (RPI) in 1985.  From 

1986 to 1991 I worked as a Circuit Design Engineer and then Principal Design 

Engineer for Bipolar Integrated Technology.  I started as a new hire from the Ph.D.  

program at RPI and ended up as the chief architect, lead product designer, lead 

verification engineer, and developer of the world’s only formal verification tool for 

bipolar circuits. 

5. From 1991 until 2016, I worked for Intel Corporation, starting as a 

Senior Staff design engineer and quickly became a team leader delivering the 

package, I/O, and analog circuits for the first processors on each technology 

generation.  In 2002 I was promoted to Intel Fellow (one of the company’s highest 

technical positions) based on both results and risk management in getting five 
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generations of microprocessors into high volume manufacturing on schedule, 

including the first use of C4 packaging at Intel.  From 2002 to 2016 I worked as 

director of numerous groups within Intel (Mixed Signal Circuit Technology, Circuit 

Research Lab, SoC Design Lab, Low Power Mixed Signal Lab), where I led teams 

that delivered three separate firsts for both Intel and the world: the first 

microprocessors using strained silicon, the first products using high-k metal gate 

transistors, and the first Trigate (FinFET) product.  During this time my role 

expanded to leading a new company-wide analog/mixed signal circuit review team 

and leading the worldwide circuit architecture teams for I/O, analog, and supply 

regulator design IP.  I currently operate my own consulting firm (Greg Taylor 

Consulting, Inc.), where I provide technical consulting services on electronic 

product and integrated circuit development for a variety of clients. 

6. In addition to the above, I was also responsible for power distribution 

circuitry in several generations of microprocessors I worked on.  This included not 

just distributing large currents at low impedances to the digital circuits on chip, but 

also building on-chip LDO voltage regulators to power the less noise-tolerant analog 

circuits that were integrated on chip.  Later, while I was leading the Circuit Research 

Lab at Intel, my team successfully developed a 100 MHz on-chip switching regulator 

technology that took a high voltage input supply (twice what any transistor on the 

chip could survive) and delivered a high efficiency, clean, low voltage output 
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without using any board level passive components.  My team also worked on LDO 

regulators, producing reference 17 of Al-Shyoukh, his only reference with a “Figure 

of Merit” close to his own.  [EX1004, Table II]  This regulator was also notable for 

requiring an output capacitor more than 1000 times smaller than Al-Shyoukh or any 

of the other regulators referenced by him. 

7. Additionally, I have been an IEEE Fellow since 2009.  I have published 

more than 60 peer reviewed papers, and I am the inventor of 68 U.S.  patents on 

integrated circuit design and testing. 

III. COMPENSATION 

8. I am being compensated at my usual hourly rate for my work in this 

case.  My compensation is not based upon the content of my opinions or the outcome 

of the matter. 

IV. MATERIALS CONSIDERED 

9. In preparing this Declaration and formulating my opinions within, I 

have considered the ’074 patent and its prosecution history, along with my personal 

expertise, knowledge, and experience with the relevant technology, and the materials 

referenced or mentioned in the body of this Declaration.  I have also considered the 

following materials: 

Exhibit Description 

1001 U.S.  Patent No.  9,471,074 
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Exhibit Description 

1002 Declaration of Dr.  Michael S. Chen 

1003 Prosecution History of U.S. Patent No.  9,471,074 

1004

Mohammad Al-Shyoukh, et al., “A Transient-Enhanced Low- 
Quiescent Current Low-Dropout Regulator with Buffer Impedance 
Attenuation,” IEEE Journal of Solid-State Circuits, Vol. 42, No.  8 
(Aug. 2007) (“Al-Shyoukh”) 

1005 U.S. Patent No. 6,400,207 (“Ivanov”) 

1006 U.S. Patent No. 6,710,583 (“Stanescu”) 

1011 Micrel Inc., MIC59300 Datasheet (Jan.  2009) (“MIC59300”)

1013 U.S. Patent No. 6,046,577 (“Rincon-Mora”)

1014
Gabriel A. Rincon-Mora, “A Low-Voltage, Low Quiescent 
Current, Low Drop-Out Regulator,” IEEE Journal of Solid-State 
Circuits, Vol. 33, No. 1 (Jan. 1998) (“Rincon-Mora Paper”)

1015
Gabriel A. Rincon-Mora, “Current Efficient, Low Voltage, Low 
Dropout Regulators” (Nov. 1996) (“Rincon-Mora Dissertation”)

1016 U.S. Patent No. 6,084,475 (“Rincon-Mora ’475”)

1017
Michael Day, “Understanding Low Drop Out (LDO) Regulators,” 
2006 Texas Instruments Portable Power Design Seminar (2006) 
(“Day”)

1018
Chester Simpson, “Linear and Switching Voltage Regulator 
Fundamental Part I” (2011) (“Simpson”)

1019 U.S. Provisional Patent Application No. 61/780,985

2001 U.S. Pat. 7,312,598 (“Huang”)

2002 
Aptiv’s Responsive Claim Construction Brief and supporting 
Declaration of Stanley Shanfield, Ph.D. (March 22, 2024) 
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Exhibit Description 

2003 
Aptiv’s Sur-reply Claim Construction Brief and supporting 
Declaration of Stanley Shanfield, Ph.D. (May 3, 2024) 

2004 U.S. Pat. 6,246,22 (“Xi”) 

2005 Chronological File History for U.S. Pat. 9,471,074 

2006 Aptiv’s District Court Invalidity Contentions (December 8, 2023) 

2007 
Microchip’s Opening Claim Construction Brief and supporting 
Declaration of Greg Taylor (March 1, 2024) 

2008 
Microchip’s Reply Claim Construction Brief and supporting 
Declaration of Greg Taylor (April 17, 2024) 

2011 
Texas Instruments datasheet for LM2990 Negative Low Dropout 
[Voltage] Regulator, April, 2013 

2012 
ST Micro datasheet for L78MxxAB/C voltage regulator, May 2012 
(from Dr. Chen deposition) 

2013 ’074 patent claim 1 (from Dr. Chen deposition) 

2014 Rincon-Mora Biasing Circuit (Fig.  3) (from Dr. Chen deposition) 

2015 Al-Shyoukh Biasing Circuit (Fig.  8) (from Dr. Chen deposition) 

2016 
Texas Instruments datasheet for LM1117/LM1117I Low-Dropout 
Linear [Voltage] Regulator, 2012 

2017 
Excerpts from the Laplante Electrical Engineering Dictionary 
(CRC Press LLC, 2000) 

2018 December 4, 2024 Deposition Transcript of Dr.  Michael Chen. 

2019 
Microchip TC1300 CMOS LDO with Shutdown, Bypass and 
Independent Delayed Reset Function, 2012 

2020 
Fairchild KA78RXXC-Series 1A Output Low Dropout Voltage 
Regulators datasheet 
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Exhibit Description 

2022
Universal Serial Bus 3.0 Specification, Revision 1.0, November 12, 
2008 (“USB 3.0 Specification”)

10. There are images and explanations in this Declaration included for 

illustrative purposes, some of which I created myself for explanatory purposes.  

Images taken from patents and publications have been cited.  At the time of my 

signing this Declaration, all the hyperlinks referenced herein were publicly 

accessible. 

V. LEGAL STANDARDS 

11. I am not an attorney and will not provide opinions of law.  I have been 

instructed on principles of law, as set forth below.  I applied these principles, as 

appropriate, to my analysis.  I have been informed that each patent claim is 

considered separately for purposes of patentability and that a dependent claim that 

depends from another claim includes all of the limitations of the claim it depends 

from.  I have been informed and understand that if a prior art reference (or references) 

does not render an independent claim unpatentable, then it necessarily fails to render 

any dependent claims unpatentable as well. 

A. Claim Construction 

12. I have been informed that the claims in this proceeding are to be 

construed using the same claim construction standard applied in district court.  I have 

been informed that the claim construction analysis begins with the ordinary meaning 
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of a claim term, and there is a presumption that the term carries its plain and ordinary 

meaning to persons of ordinary skill in the art as of the effective filing date of the 

patent.  I have also been informed that the most important sources for determining 

the meaning of a claim term are the claims, the specification, and the prosecution 

history of the patent at issue, which collectively is called “intrinsic evidence.”  I have 

been further informed that the meaning of a claim term may also be guided by 

“extrinsic evidence,” such as contemporaneous dictionaries and treatises, as well as 

the testimony of technically-skilled witnesses such as myself. 

B. Burden of Proof 

13. I have been informed that the petitioner in an inter partes review bears 

the burden of establishing unpatentability by “a preponderance of the evidence.”  I 

have been further informed and understand that, to prove an assertion by “a 

preponderance of the evidence,” the party with the burden of proof must demonstrate 

that it is more likely than not that the assertion is true. 

C. Anticipation 

14. I have been informed that a patent claim is unpatentable if it is 

“anticipated” by prior art.  I have been informed that a reference anticipates a claim 

if the reference discloses each limitation of the claim at issue, either expressly or 

inherently.  I have been informed that a prior art reference may anticipate a claim 

without disclosing a feature of the claimed invention if that missing characteristic is 
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necessarily present, or inherent, in the single anticipating reference as would have 

been understood by one of ordinary skill in the art.  I have been informed that 

material not explicitly contained in a single prior art document may still be 

considered for purposes of anticipation if that material is incorporated by reference 

into the document. 

D. Obviousness 

15. I have been informed that a patent claim is unpatentable if it would have 

been obvious to a person of ordinary skill in the art (“POSITA”) at the time of the 

claimed invention.  I have been further informed that a claimed invention is not 

patentable if differences between it 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 person 

having ordinary skill in the pertinent art.  I have been informed that factors relevant 

to the determination of obviousness include the scope and content of the prior art, 

the level of ordinary skill in the art at the time of the invention, differences between 

the claimed invention and the prior art, and “secondary considerations” (also called 

objective indicia) of non-obviousness. 

16. I have been informed that a single reference alone can render a patent 

claim obvious, if any differences between the reference and the claim would have 

been known or obvious to a POSITA at the time of the invention.  That is, if the 

POSITA could have and would have adapted the reference to meet the claims of the 
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patent by applying known concepts to achieve expected results, then the patent 

claims are rendered obvious by that reference. 

17. I have been informed that the combination of familiar elements 

according to known methods is likely to be obvious when it does no more than yield 

predictable results.  I have been further informed and understand that when a patent 

claim simply arranges old elements with each performing the same function it had 

been known to perform, and yields no more than one of ordinary skill would expect 

from such an arrangement, the combination is obvious. 

18. I have been informed that a patent claim composed of several 

limitations is not obvious merely because each limitation was independently known 

in the prior art.  Hindsight reasoning is not an appropriate basis for combining 

references to form an obviousness combination.  I have been further informed that it 

is important to identify a reason that would have prompted a person of ordinary skill 

in the relevant field to combine multiple prior art references, or multiple teachings 

of the same prior art reference. 

19. I have been informed that various “secondary considerations” 

(sometimes referred to as objective indicia of non-obviousness) may support a 

determination of non-obviousness and that such secondary considerations (if 

available) should be considered as part of an obviousness analysis.  I have been 

informed that the patentee bears the burden of showing the existence and effect of 
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secondary considerations of non-obviousness, after which the burden of coming 

forward with rebuttal evidence shifts to the party arguing obviousness.  I have been 

informed that the following secondary considerations may indicate non-obviousness: 

20. Copying: evidence that others, including the accused infringer, copied 

the patented invention. 

21. Long-standing problem or need: evidence of a persistent problem or 

need in the art that was resolved by the patented invention. 

22. Prior failure: evidence that others have tried and failed to solve the 

problem or failed to provide the need resolved by the claimed invention. 

23. Commercial acquiescence of competitors: the willingness of industry 

to license the patent at issue. 

24. Skepticism: evidence that those of ordinary skill in the art were 

skeptical as to the merits of the invention. 

25. Praise: evidence of praise directed to an invention by others in the field. 

26. Unexpected results: evidence that those of ordinary skill in the art were 

surprised by the capabilities of the claimed invention. 

27. I have also been informed that the near-simultaneous invention by 

others can be evidence that a claimed invention is obvious.  I have further been 

informed that the patentee bears the burden of showing a “nexus” between the 

claimed invention and the evidence proffered on secondary considerations (e.g., 
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proof of commercial success of a product that practices the claimed invention is not 

enough; there must be evidence that the commercial success resulted, at least in part, 

from the claimed invention). 

E. Priority Date 

28. I have been informed that a U.S.  patent may claim “priority” to the 

filing date of one or more earlier filed applications.  I have been informed that the 

priority date, also called the “effective filing date,” is the earliest filing date to which 

a claim is entitled – and that such date is relevant for determining what qualifies as 

prior art.  I understand that a claim must have written description support in the 

application(s) to which it claims priority to be entitled to an earlier effective filing 

date.  I have been informed that the priority date determination is done on a claim-

by-claim basis, and that claims in the same patent may have different priority dates. 

29. The ’074 patent application was filed March 11, 2014 and claims 

priority through a provisional application to March 14, 2013.  My opinions in this 

Declaration would not change regardless of which date is used as the priority date.  

Accordingly, I render no opinion regarding the ’074 patent priority date, but reserve 

the right to do so. 

F. Level of Ordinary Skill in the Art 

30. I have been informed that the level of ordinary skill in the relevant art 

at the time of the invention (i.e., the priority date) is pertinent to inquiries such as 
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the meaning of claim terms, the meaning of disclosures found in the prior art, and 

the reasons one of ordinary skill in the art (“POSITA”) may have for combining 

references.  I have been asked to consider the abilities and education of a POSITA 

as of the priority date. 

31. I have been informed that factors that may be considered in determining 

the level of ordinary skill include: (1) the type of problems encountered in the art; 

(2) prior art solutions to those problems; (3) rapidity with which innovations are 

made; (4) sophistication of the technology; and (5) education level of active workers 

in the relevant field.  I have been further informed that a POSITA is also a person of 

ordinary creativity. 

32. In my opinion, a POSITA would have a bachelor’s degree in electrical 

engineering, computer science, or an equivalent technical degree and substantial 

experience (e.g., several years) in analog mixed signal design for integrated circuits. 

33. I was at the time of the alleged invention at least a POSITA in the art 

relevant to the challenged patent.  Further, based on my experience and education, I 

understand and know of the capabilities of a POSITA at the relevant time - and I am 

familiar with how a POSITA would have understood and used the terminology found 

in the prior art and the challenged patent at the time of its filing, and with the state 

of the art at that time. 
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34. From reviewing the Petition, it is my understanding that Petitioner 

proposes the following definition for a POSITA: “A POSITA in the field of the ’074 

patent in 2013 would have had at least a Master’s Degree in Electrical Engineering, 

or alternatively a Bachelor’s Degree in Electrical Engineering and two years of 

experience working on analog circuit design.”  [Pet., 9.] 

35. While I disagree that a Master’s degree is necessary, this proposed 

standard is actually relatively close to the standard that I have proposed above.  I 

also qualify as a POSITA under Petitioner’s definition.  Regardless of which 

POSITA definition is used, my analysis and opinions that follow would not in any 

way be changed or affected. 

36. While my experience level exceeds that of a POSITA, I am familiar 

with POSITAs from the time frame of the priority date, and my opinions regarding 

what a POSITA would understand are based on a POSITA’s perspective at that time. 

VI. SUMMARY OF OPINIONS 

37. The Petition asserts two Grounds of unpatentability challenging claims 

1-18 of the ’074 patent (the “Challenged Claims”).  [See Pet., 9]  Both Grounds are 

obviousness challenges.  I have been asked to evaluate if either of Petitioner’s 

Grounds (and the references cited therein) establish obviousness of the Challenged 

Claims.  The primary reference for Ground 1 is Al-Shyoukh, and the primary 

reference for Ground 2 is Rincon-Mora.  [Id.]  Both grounds combine the Ivanov 
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reference as a secondary reference for claim 1.  Certain dependent claims combine 

additional prior art references. 

38. Based on my evaluation and analysis, it is my opinion that Petitioner 

has failed to meet its burden to show that claim 1 (and thus any dependent claim) is 

rendered obvious by either Ground. 

VII. TECHNOLOGY BACKGROUND 

A. Design Hierarchy and Organization 

39. Modern integrated circuits (also known as “chips”) contain large 

numbers (potentially billions) of transistors.  Consequently, the designs of these 

chips depend upon being well organized.  Initial design typically starts by breaking 

the specified functionality of the chip down into pieces that can be designed 

separately, and those pieces are similarly partitioned into their components.  This 

“top down design” repeats until the pieces are small enough to be implemented and 

verified as a single component (a building block).  The implementation then 

proceeds “bottom up” assembling the blocks that were partitioned in the “top down” 

phase. 

40. Implementing separate building blocks as separate elements serves (at 

least) two functions: (1) each building block can be built and verified, ensuring it 

meets its target specifications, before it is built into a higher-level component; and 

(2) maintaining blocks (either fixing bugs or making late improvements) can be done 
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with minimal impact to the other pieces of the chip.  Somewhat more complex blocks 

will then be assembled from several basic blocks, from which yet more complex 

blocks will be created.  By building up the complexity of the system gradually 

designers are better able to verify that each component has been built correctly and 

less likely to fail to discover an interaction because they added too many elements 

together at once. 

B. Power Management 

41. From a user point of view, many electronic systems have only two 

power states: “on” and “off.”  When a system is on, it is capable of immediately 

carrying out tasks for the user but is dissipating power.  When a system is off it does 

not dissipate any power but must be turned on (a process that can consume 

significant amounts of time and power) before it can be used. 

42. For some systems “on” and “off” are the only power states, but as 

energy efficiency and the use of batteries to power systems have become more 

common, additional power states have been added to systems.  Sometimes these are 

explicitly visible to the user (e.g.  the “sleep” and “hibernate” states supported by 

many computers), more often they are present but invisible to the user.  An example 

of the latter is the “autohalt” capability that was integrated into Intel® processors in 

the early 1990s – the CPU clock would stop whenever the CPU became idle (often 

between keystrokes while the user typed) but be capable of restarting in a small 
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fraction of a microsecond.  This introduction was driven by the EPA’s original 

Energy Star program in 1992 (https://www.energystar.gov/about/how-energy-star-

works/history). 

43. The commonality of these power states is that each offers a unique 

tradeoff between power dissipation and usability, with power savings being traded 

off for increased delay until the system becomes usable.  For example, the “autohalt” 

capability mentioned above turned off the clock distribution of the processor but 

didn’t shut off any power supplies or even the clock source itself, it just prevented 

the clock from going to most of the chip.  This reduced the power dissipation by 

perhaps 90% while costing only a handful of clock cycles to “wake up,” a short 

enough delay that the operating system didn’t need any modification to support.  

Responding to external events (the user typing on the keyboard, a device needing 

attention to input or output data) were significantly slower than the operating system 

and could be handled without needing to make the user or device aware that 

“autohalt” was saving power. 

44. As system designers have worked to reduce power they have turned off 

more clocks and power supplies, but have always been limited by the maximum 

delay that other parts of a system (or other connected systems) can tolerate without 

failing.  By comparing the externally needed response time to the startup 

requirements of each impacted subsystem a decision about the needed power state 
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(thus power dissipation) can be made for each part of a system, reducing overall 

system power to a minimum while maintaining expected functionality. 

C. Conductance and Transconductance 

45. In electronics conductance describes the relationship between changes 

in current and changes in voltage.  For a resistor, current (i) and voltage (v) are 

proportional to one another, following i =gv1, and conductance (g) is the constant of 

proportionality.  When a voltage in one part of a circuit (e.g.  an amplifier input) 

controls the current that appears in another part (e.g.  an amplifier output) we refer 

to this relationship as “transconductance” because it follows a similar equation: 

∆i = gm∆v. 

D. Bias Circuits 

46. Analog circuits can generally be divided into two portions: the “active” 

devices that are in the signal path from input to output and the “bias” devices that 

are present to ensure that the “active” devices are biased with appropriate DC current 

1 If i = gv, and g is constant then it is also true that ∆i = g∆v.  In the general case 

where g is not constant engineers apply the latter relationship.  Note that this 

relationship is alternatively written as di/dt = gdv/dt (differential calculus) or 

δi/δt = gδv/δt (partial differential calculus).  The nuances implied by these different 

forms are not relevant here. 
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and/or voltage levels.  The Laplante Electrical Engineering Dictionary (CRC Press 

LLC, 2000) provides a relevant definition for the term “biasing”: 

Biasing: the technique of applying a direct-current voltage to 

a transistor or an active network to establish the desired 

operating point.  [EX2017, 5] 

This is consistent with how a POSITA would understand that term and concept in 

the context of LDO voltage regulators. 

47. Transistors are non-linear devices, if you double the input the output 

does not necessarily also double.  In the case of the saturation current through an 

ideal MOSFET, there is a square law relationship: 𝐼𝐷𝑆 = 𝑘(𝑉𝐺𝑆 − 𝑉𝑡)
2, where IDS is 

the current flowing from the drain to source, VGS is the voltage from the gate to the 

source, Vt is the threshold voltage of the transistor, and k is a constant.  A graph of 

this relationship is shown in Figure 1.  When analyzing and designing a circuit it’s 

easier to consider linear operation, so engineers will consider an “operating point” 

(the orange dot in Figure 1) and “linearize” the system – assume that it is operating 

along the orange line rather than the blue curve.  For small changes in VGS-Vt, this 

results in a good approximation of the actual IDS vs VGS-Vt curve.  The procedure of 

ensuring that the transistor is operating near the selected operating point is called 

“biasing” the device. 
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Figure 1. Plot of IDS versus VGS-Vt and a selected operating point

48. Figure 2 shows an example of an NMOS source follower (a simple 

transconductance amplifier) biased by a current source connected to the transistor’s 

source terminal.  Here the NMOS transistor provides the path from input IN to output 

OUT, while the current source ensures that the DC current flowing through the 

source follower is at an appropriate level.  This is important because the 

transconductance, gm, of the source follower is proportional to the current flowing 

through it.  If this current source is removed from the circuit and IN is stable (not 

changing) then voltage OUT will rise until the current in the source follow shuts off, 

reducing gm to zero, almost certainly not the intended transconductance. 

Operating Point 

Actual IDS

Approximate IDS
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Figure 2. NMOS source follower 

49. By drawing a current source in Figure 2 we’re both emphasizing the 

“active” signal path and hiding the details of the bias circuit.  More details of the 

bias circuit are shown in Figure 3, illustrating another level of granularity (and 

complexity) in the bias circuits: bias circuits typically consist of transistors (such as 

the output of the current mirror shown here) that directly apply the bias to the active 

network in the signal path from input to output, as well as reference generation 

circuitry that in this case delivers the constant reference current Ib.  The transistors 

that directly apply the bias current to the active network are unique to each instance 

of an analog circuit and thus are drawn within the schematic of that analog circuit.  

The reference generation circuits, for example the circuit providing Ib here, is 

typically a single copy of a circuit that is shared between many individual analog 

circuits.  Since the references are shared, they are most often not drawn inside the 

schematics for each amplifier or other analog block.  The diode connected transistor 

in the current mirror may appear in either the amplifier or in the reference generation 

block, with the “correct” location depending upon the locality of the two circuits and 
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the potential for currents generated in other unrelated circuits to induce a shift in the 

ground level between the reference generator and the amplifier. 

Figure 3. NMOS source follower with explicit current 
source biasing

50. The “reference” terminology and the concept that reference generation 

often happens in a unique block is shared with the Petitioner’s Rincon-Mora thesis 

as highlighted in Figure 6.1 from EX1015 (Figure 4 below). 

Figure 4. Rincon-Mora Thesis, Fig. 6.1 (annotation added) [EX1015, 114]
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51. Labeling a node as a reference implies that the voltage or current being 

carried by the node is precise.  Reference nodes also tend to have limited drive 

capability: if a significant amount of current is drawn from a reference voltage then 

the voltage will “droop” out of specification.  Circuits like regulators that use a 

reference voltage need to be designed to limit the load that they place upon this 

voltage.  Similarly, reference currents can only be provided to a single load.  In both 

cases the wires that are routed next to a reference node should be power supplies or 

“shields” to protect the reference from noise coupled from nearby wires. 

52. Another important aspect of biasing is that reference generation circuits 

typically “turn on” more slowly than the bias distribution circuits that apply the bias 

levels to the active devices.  Systems are typically very concerned with the time 

required to enable a circuit that has been disabled so that they can ensure that they 

are able to meet critical timing requirements to respond to events that may occur.  

Shutting off a reference generation circuit is not the same thing as shutting off the 

bias distribution within an amplifier both because the reference generation circuit 

turns on more slowly than the bias distribution and because it is often shared with 

other (possibly not disabled) amplifiers. 

E. Voltage Regulators 

53. The design of many systems requires the use of multiple power supply 

voltages.  Rather than require the user to provide each one individually, systems are 
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usually built with a single, master power supply from which they derive the other 

voltages that they need using voltage regulators.  Each voltage regulator takes an 

input power supply voltage2 and a reference voltage and uses these to generate a new 

output voltage.  The regulator does not significantly load3 the reference voltage, it 

just uses it to determine the target voltage for the output.  The use of an external 

reference voltage allows the design of regulators that have variable (controllable) 

outputs and also allows a single reference generator to drive multiple voltage 

regulators. 

54. The most widely used type of voltage regulator is known as a linear 

regulator.  These regulators can only produce output voltages that are smaller than 

their input supply voltage.  The excess voltage (the amount that the power supply 

voltage exceeds the output voltage) is “dropped” in the regulator, with this excess 

power being wasted as heat.  These regulators are used both to filter noise in the 

2 The “input power supply voltage” is simply the power supply to the regulator, and 

is not to be confused with either of the voltages on the inputs of the error amplifier. 

3 As a verb “load” means to draw current from.  In this case the regulator draws 

essentially no current from the reference voltage input, but the output of the regulator 

can supply significant current to the circuit(s) which form its load.  As a noun a 

“load” is a circuit which draws current from another circuit. 
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input supply from the output supply and to respond to changes in the output load 

current before they can lead to significant changes in the output supply voltage.  For 

example, the regulator should be able to keep its output voltage within specifications 

in response to the output load switching from minimum current to maximum current 

very rapidly. 

55. A simplified example of a linear regulator is shown below in Fig.  2 

from Rincon-Mora.  An amplifier (also known as the error amplifier) amplifies the 

difference between the reference voltage Vref and the feedback voltage Vfb.  Its output 

drives the output transistor which in turn drives the output voltage and the (external) 

load that is driven by the regulator.  Finally, resistors R1 and R2 generate Vfb, which 

is provided to the error amplifier.  Feedback of this sort is widely used in analog 

circuits: the output is “fed back” to the input, compensating for any variation (within 

design limits) that may occur in the amplifier, input voltage, or load by changing the 

control voltage applied to the output transistor. 
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Figure 5. Rincon-Mora, Fig.  2 (annotation added) [EX1013]

F. Low Dropout (LDO) Voltage Regulators 

56. When a linear regulator is capable of delivering a high-quality output 

voltage with only a small difference between the input and output voltages it is 

termed a “low dropout” (LDO) voltage regulator.  To deliver a large current with 

only a small voltage difference the output transistor that connects the input voltage 

to the output voltage must have a large transconductance, and consequently a large 

size.  The capacitance of these large transistors is difficult to drive rapidly, 

demanding higher transconductance from the earlier stages of the LDO and thus 

complicating the design of LDOs.  Because the dropout voltage is small, the power 

wasted in an LDO is minimized. 
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57. Al-Shyoukh defines the key performance metrics of an LDO as low 

dropout voltage, high output current, low quiescent current, low transient 

over/undershoot.  [EX1004, Introduction] 

58. The power efficiency of a regulator is defined as the power delivered 

to the load divided by the total power dissipated in the load and the regulator.  Ideally 

no power would be dissipated in the regulator and the efficiency would be 100%, 

but the efficiency of an LDO can be no higher than 
𝑉𝑖𝑛𝑝𝑢𝑡−𝑉𝑑𝑟𝑜𝑝𝑜𝑢𝑡

𝑉𝑖𝑛𝑝𝑢𝑡
.  Minimizing the 

dropout voltage is thus key to keeping the power efficiency high. 

59. The purpose of an LDO is to deliver current to a load at a regulated 

voltage.  The more current it can deliver, the larger the loads it can deliver.  The 

capability to drive larger loads comes at a cost in terms of size and other parameters, 

and an excessively large LDO is not desirable.  Maximum load current is thus one 

of the key specifications reported on datasheets for regulators.  Some LDOs cannot 

operate without a load, but instead specify a minimum load current that is only a 

fraction of the maximum load.  In those situations the designer may need to avoid 

an output minimum current that is too high. 

60. The other term that matters to the efficiency of the LDO is quiescent 

current: the current drawn by the regulator when there is no load (e.g., while idling 

but ready for use).  This is most relevant in battery power systems.  I note, however, 
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that the relative importance of power efficiency highly depends on the application 

and was frequently not a significant design consideration. 

61. Al-Shyoukh’s final performance metric is output transient undershoots 

and overshoots: the quality of the voltage regulation.  Figure 6 shows the undershoot 

and overshoot of the voltage output by a Micrel 59300 LDO when the output load 

current switches from very low to maximum and back.  Ideally these transients 

would approach 0V in size, but 50mV on a 1V output (5% variation) is typical.  To 

rapidly respond to small changes in output voltage with large changes in output 

current the overall voltage regulator needs high transconductance.  Raising the 

transconductance of components of the regulator helps in delivering this overall 

transconductance and in making the response of the regulator faster. 

Figure 6. Load Transient (annotation added) [EX1011, 8]

Undershoot

Overshoot 
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62. If quiescent current is high, then it may also be desirable to have an 

enable/disable pin on the LDO.  When the load is known to be inactive (a potentially 

hard question to answer in some systems) the regulator can be disabled.  When 

disabled a low standby current is still drawn and the user would like this to be as 

small as possible.  One tradeoff is turn-on time.  A disabled regulator typically must 

bring its output all the way from 0V, probably 20 or more times larger than the 

voltage difference than is seen in the largest transient and will need much more time 

to get close to its target voltage than is needed during a transient.  The larger this 

turn-on time becomes, the more likely it is that a system will not be able to utilize 

the enable capability, complicating the system level use of the regulator. 

63. All Al-Shyoukh’s parameters trade off against one another and other 

considerations such as cost, product lifetime, speed of operation, circuit size, 

operating temperature, development and validation complexity, and more.  A low 

dropout voltage requires a large output transistor.  Raising the output current will 

increase the dropout voltage, again leading to a larger output transistor.  In either 

case a larger output transistor requires either more power to drive it, impacting 

quiescent current, or slows down the regulator increasing transient undershoots and 

overshoots.  Decreasing quiescent current slows down the regulator, again increasing 

transient deviations of the output voltage.  Engineering is the practice of determining 

how a product should be implemented to deliver an appropriate balance between all 
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these factors, focusing on only a single attribute to the exclusion of everything else 

is simply not reasonable and not something a POSITA would do.  That is not to say 

every possible trade-off must be considered for every design, but no POSITA would 

design for one criterion alone to the exclusion of all others.  I note that deciding 

when/whether to disable a voltage regulator is often a challenging exercise (which 

requires additional circuitry) because of the need to distinguish an idle load from the 

absence of a load.

64. If the LDO is to be used with a USB port, all of these can lead to 

significant constraints.  A notable one is that USB defines a “U1” low power state 

that can be used when the port is idle.  Shutting a regulator down while it is idle is 

tempting, but the USB specification requires that the USB port complete “U1 exit” 

(return to normal operation – turn the regulator on and carry out any necessary logic) 

within 900ns, a very short time.  [EX2022 (Universal Serial Bus 3.0 Specification, 

Revision 1.0), Table 6-21]  By contrast, the Micrel MIC59300 LDO referenced by 

Dr. Chen in his declaration requires 300µs turn-on time, which would be followed 

by any needed logic delay to complete the USB response [EX1002, ¶114; EX1011, 

5].  A simpler answer is to avoid disabling the regulator and design for very low 

quiescent current.

65. Voltage regulators have been around for many years, including in the 

2013 timeframe (and much earlier).  Various companies manufactured and sold 
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voltage regulators.  Some companies I was personally aware of circa 2013 included 

Texas Instruments, ST Microelectronics, Fairchild, and Microchip.  These 

companies adhered to the common practice of publishing public datasheets 

describing their product offerings, including voltage regulators.  These companies 

made datasheets and product descriptions readily available, e.g., on their websites 

and via distributor websites, for the obvious reason that the companies were 

attempting to sell their products, including to POSITAs doing design work.  The 

availability of electronic parts information and datasheets was so widespread that, 

before 2013 it was possible to use common internet search engines (such as Google 

and Bing) to locate electronic components and datasheets.  It was also common 

practice for engineers to go to manufacturer websites (or distributor websites) to 

locate datasheets for components when designing products.  I have reviewed Exhibit 

Nos. 2011-2012, 2016, and 2019-2020, and they are precisely the types of 

documents and information I was accustomed to seeing—and would expected to 

have seen—in voltage regulator data sheets circa 2013 (and earlier). 

G. Transconductance (Gm) 

66. Amplifiers that receive a voltage as an input and output a current are 

characterized by their transconductance, gm.  A generic transconductance amplifier 

is shown in Figure 7 and gm is defined as the change in output current ∆iOUT that is 

caused by a given change in input voltage ∆vIN:  𝑔𝑚 =
∆𝑖𝑂𝑈𝑇

∆𝑣𝐼𝑁
. 
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Figure 7. Generic transconductance 
amplifier 

67. The simplest transconductance amplifier is a single transistor source 

follower where the input voltage is applied to the gate and the output current is 

delivered by the source.  The transistor drain is typically (but not necessarily) 

connected to a power supply.  Figure 8 shows both NMOS and PMOS source 

followers.  Note that VGS is negative in the case of a PMOS source follower. 

(a) (b)
Figure 8. Source followers (a) NMOS and (b) PMOS

68. In general, gm of a MOSFET is given by 𝑔𝑚 =  
2𝐼𝐷𝑆

𝑉𝐺𝑆−𝑉𝑡
, where IDS is the 

drain to source current (the output current in Figure 8), VGS is the gate to source 

voltage, and Vt is the threshold voltage of the transistor.  If a source follower is biased 

with a current source as seen in Figure 9, then the gm of the combined circuit is the 

gm of the source follower because the current provided from the current source 

doesn’t change as the output voltage changes and gm is determined by the changes 

in output current and input voltage and not by their absolute values.  Given this 

information there are three different ways that the gm of a source follower can be 
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raised: (1) the source follower transistor can be made bigger (e.g., a wider channel 

width), (2) more current can be drawn through the source follower, or (3) additional 

transistors can be used.  These three techniques are independent of one another so 

it’s possible to use combinations of them in the same circuit to deliver a higher 

overall transconductance than any single one of them delivers. 

Figure 9. PMOS source follower with current 
source load

69. First, making the source follower transistor wider without changing the 

current through it reduces the current density in the transistor which in turn reduces 

VGS-Vt.  This reduces the denominator of 𝑔𝑚 =  
2𝐼𝐷𝑆

𝑉𝐺𝑆−𝑉𝑡
, raising gm.  On the other 

hand, the wider transistor also raises the input capacitance of the source follower.  If 

the goal is to reduce loading on the stage that is driving the gate of the source 

follower, this approach will raise the input capacitance (loading) faster than it 

improves gm often making it an unattractive solution. 

70. Second, raising the current through the source follower increases the 

numerator of 𝑔𝑚 =  
2𝐼𝐷𝑆

𝑉𝐺𝑆−𝑉𝑡
, increasing gm.  This raises the power drawn by the circuit, 

but it increases gm without increasing the loading upon the stage driving the source 
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follower.  Furthermore, the bias current can be changed dynamically, allowing the 

circuit to have a high gm at critical times and low power when low gm is acceptable.  

This is the approach used by Rincon-Mora in his “transient response boost circuit,” 

which he also called a “transient boost circuit.”  [EX1013, Fig.  3, 1:10-17, 2:57-64]  

The ’074 patent refers to this approach as gm-boost.  [EX1001, 4:15-23] 

71. The third approach to raising gm is to use a different circuit topology.  

The simplest modification to raise the gm of a source follower is shown below in 

Figure 10.  Here current sources are used to bias both the source and drain of the 

source follower.  Notice that this doesn’t increase the power of the circuit because 

the same current Ib is flowing through both current sources.  If signal IN rises, this 

will reduce the magnitude of VGS, which in turn reduces the magnitude of IDS - the 

(negative) current flowing through the PMOS transistor.  Since Ib remains 

unchanged, the reduction in IDS is now delivered into node OUT, which raises the 

voltage by charging the capacitance on this node.  This charging stops when OUT 

rises enough to return VGS to its original value.  While node OUT is charging up, the 

same amount of current also discharges the drain capacitance of the PMOS because 

the lower Ib current source is also unchanged, leaving a portion of this current to 

discharge the drain voltage.  An additional amplifier is then used to amplify the drain 

voltage to further drive node OUT without placing any additional loading on node 

IN.  Note that the same amount of charge is available to charge up node OUT and to 
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discharge the drain of the PMOS device.  In the common case where node OUT is 

driving a large capacitance while the drain is more lightly loaded, the drain voltage 

will be an amplified and inverted version of the change on node OUT, allowing a 

simple amplifier to substantially add to the gm driving node OUT. 

Figure 10. PMOS source follower with enhanced gm

VIII. SUMMARY OF THE ’074 PATENT 

72. The ’074 patent, “USB Regulator with Current Buffer to Reduce 

Compensation Capacitor Size and Provide for Wide Range of ESR Values of 

External Capacitor,” relates to USB voltage regulators, particularly the use of a 

current buffer to reduce compensation capacitor size and increase tolerance to a wide 

range of external compensation capacitor ESR (equivalent series resistance) values.  

[EX1001, 1:17-21] 

73. USB regulators typically have very low ESR, e.g.  ~10mΩ.  Capacitor 

manufacturers rarely specify ESR values, and minimum ESR values even more 

rarely.  Furthermore, the actual ESR can depend upon how the circuit board is laid 

out and assembled.  This variation can be significant when compared to the stability 
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requirements of prior art regulator designs, leading to unstable operation when 

seemingly innocuous changes are made in manufacturing.  By adding a current 

buffer between the error amplifier and the output transistor, the inventors have found 

a way to make a USB regulator that tolerates significant variation in the external 

compensation capacitor while maintaining the performance and stability of the 

regulator. 

74. This tolerance to external compensation capacitor variation is delivered 

by pushing the pole at the gate of the output transistor to a high frequency, leaving 

the voltage regulator dominated by the low frequency pole at the output of the first 

stage (error) amplifier.  The dominance of this pole causes the regulator to act like a 

single pole system, which is unconditionally stable.  Because the output transistor is 

large (in order to drive the large output load), pushing this pole to high frequency 

requires the addition of a large gm (high transconductance) current buffer between 

the error amplifier and this output transistor, as shown in Figure 2 of the ’074 patent 

(Figure 11 below, where the added current buffer driver and supporting blocks are 

highlighted). 
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Figure 11. ’074, Fig. 2 (with annotation) [EX1001]

75. Gm-boost4 controls the gm of source follower 384 by biasing it with a 

current that is proportional to the output driver current.  Unlike gm-boost[ing], gm 

enhance[ment] steers the bias currents (ibias, isf, and imirror) that are already flowing 

in Figure 3B of the ’074 patent (Figure 12 below) in the steady state.  I note that 

because gm-boost an gm-enhancement (discussed below) are achieved using 

different circuits and techniques their respective benefits are additive to one another. 

76. When the input voltage and the load current are stable for a long time 

the voltage regulator is in “steady state” – the voltages inside the regulator are not 

4 Claim language is shown in red italics.
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changing but current continues to flow.  If we focus on the gate of PMOS 380, the 

output transistor, in Figure 3B there are currents flowing both into and out of node 

B but they are of equal magnitude so the voltage on node B doesn’t change. 
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Figure 12. ’074, Fig. 3B (annotation added) [EX1001]

77. Gm-boost controls the iboost current marked in green in Figure 3B.  In 

the steady state iboost is delivered to node B by PMOS 374, pulling it up, and drained 

iboost

ibias

imirror

ires

isf

Z
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from node B through the source follower and current source 384, equally pulling 

node B down.  This current flowing through source follower 384 boosts its gm, 

because the gm of a source follower is proportional to the current flowing through 

it. 

78. Gm enhance[ment] controls the other currents annotated on Figure 3B.  

Current source 396 delivers ibias (in magenta) to the current buffer driver at the node 

labeled “Z” above.  There it divides into two parts, imirror (in red) which flows to 

PMOS devices 382 and 368, and isf in purple, which flows through source follower 

384, pulling down on Node B.  Because PMOS 368 and 370 form a current mirror, 

imirror also flows through PMOS 370 into node B, pulling it up.  Finally, there is a 

current ires (in blue) through resistor 372 that also flows into node B pulling it up.  

In the steady state the voltage on node B doesn’t change, so isf must equal imirror + 

ires.  The voltage on node Z controls how ibias is split into imirror and isf, shifting current 

from imirror to isf when node Z rises and from isf to imirror when it falls.  Knowing how 

ibias flows when nothing is changing, we’re prepared to see how gm enhance[ment]

works. 

79. If the load current increases, it pulls the output N of the regulator down.  

The error amplifier responds to this change by dropping node C.  This increases the 

Vgs of PMOS 384, increasing the current through it and pulling nodes B and Z closer 

together.  Because B has a lot of capacitance due to the large size of driver 380, it 
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moves more slowly.  But when node Z rises, it shifts current from imirror to isf which 

results in imirror through PMOS 370 pulling up less strongly on node B, helping 

source follower 384 pull node B down.  If the transistors in current mirror 368/370 

are the same size as each other then this action doubles the gm contribution made by 

the diverted current.  If transistor 370 is larger than transistor 368, then the diverted 

current makes an even larger gm contribution to current buffer driver 204.  As a 

result, current buffer driver 204 has a gm that is larger than the gm of just source 

follower 384.  If the load current decreases, the same reactions occur but in the 

opposite direction and again the gm of current buffer driver 204 is larger than the gm

of just source follower 384. 

80. The arrow sizes do not imply anything about the relative sizes of ibias

and iboost.  Since iboost changes dynamically there is no fixed ratio between the two 

currents. 

81. Phrasing this explanation differently, gm-boost controls the gm of 

source follower 384 by changing the current that flows through it, biasing it with a 

current that is proportional to the output driver current.  When output current is high, 

gm-boost[ing] delivers a high current into node B through PMOS 374 and then out 

of node B through source follower 384.  When output current is low, these same 

currents into and out of node B are lowered together.  Unlike gm-boosting, gm 
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enhance[ment] steers the bias currents that are already flowing in Figure 3B in the 

steady state. 

IX. CLAIM CONSTRUCTION 

82. For purposes of my Declaration, I have applied the district court’s 

ruling that element 1[d] (an enable/disable function to enable/disable the biasing 

circuit for reducing standby current) is not a means-plus-function term.  [EX3001, 

9]  The other two terms that the district court construed (for claim 4, 8, and 9) do not 

affect my analysis.  [Id., 12-17] 

83. I have been asked to opine on how a POSITA would understand the 

gm-boost and gm enhanced limitations (elements 1[c] and 1[b], respectively) in 

view of the intrinsic and extrinsic evidence.  I have been informed by counsel that 

claim terms using different language are presumed to have different meanings.

84.  Gm-boost.  As noted in ¶Error! Reference source not found., 

Rincon-Mora described his circuit development as both a “transient response boost 

circuit” and a “transient boost circuit.” [EX1013, Fig. 3, 1:10-17, 2:57-64]  The ’074 

patent continues the use of “boost” terminology to describe dynamically controlling 

the current through the source follower buffer so that gm is proportional to the voltage 

regulator’s output current as “gm-boost[ing],” stating: “The gm-boost circuit 218

may provide a gm-boost technique that will increase the impedance value of the 

current buffer driver 204 with the help of the current feedback 210 which may sense 
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the current change at the output of the output driver 206.”  [EX1001, 4:15-20]  Gm-

boost can thus be summarized as raising the overall/total current through the source 

follower using output current feedback to raise its gm when high gm is needed. 

85. Gm enhance[ment].  The ’074 patent discloses multiple different 

circuit techniques for raising the effective gm of a source follower circuit, techniques 

described in ¶¶Error! Reference source not found.-71.  Fig. 3B of the ’074 patent 

shows two different circuit techniques are used: both gm-boost and gm 

enhance[ment].  Gm enhance[ment] is illustrated in Fig. 3B below, yielding a 

current buffer 204 that provides a gm greater than that provided by just source 

follower 384. 

Figure 13. ’074, Fig. 3B (annotated to show gm enhance[ment]) [EX1001] 
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86. As annotated in Fig. 3B, if the voltage on node C rises, the current 

through source follower 384 is reduced (because it is a PMOS transistor), causing 

the excess bias current to be redirected through current mirror 368/370 into node B 

(viz., the gate capacitance of the power output transistor 380) (indicated by the red 

arrows in the figure).  If PMOS transistors 368 and 370 are the same size, the 

redirected current provides additional gm equal to that of source follower 384, 

doubling the overall gm of the circuit.  Sizing PMOS transistor 370 to be larger than 

transistor 368 will cause the gm to be further enhanced.  If instead the voltage on 

node C drops, transistor 384 sources more current because it is a PMOS device and 

its Vgs is increased.  This, in turn, enhances gm because some current previously 

flowing through transistor 368 now flows through 384 to account for the increased 

current through transistor 384.  This is gm enhance[ment] to which element 1[b] 

refers and is not the same as gm-boost (which employs a different mechanism).  In 

other words, gm-boost changes the overall magnitude of the standing (bias) current, 

whereas gm enhance[ment] changes the allocation of where the bias current is 

deployed.  Furthermore, gm-boost is implemented in Figure 3B using transistors 374, 

376, 378, 394, 400, and 402 while gm-enhance[ment] is implemented by transistors 

368, 370, and 382, a separate set of transistors. 

87. It is significant (especially from an engineering/POSITA perspective) 

that the combined effects of gm-boost and gm-enhance[ment] are cumulatively 
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greater than the effect either achieves by itself.  Equating gm enhance[ment] with 

gm-boost would negate this cumulative effect.  This interpretation means that any 

system that meets 1[c] will necessarily meet 1[b], rendering 1[b] meaningless.  This 

is not how a POSITA would understand the two related, but distinct, concepts.  But 

that is what Petitioner and its expert, Dr. Chen, do. [Pet. 16-17, 58-59; EX1002 ¶¶53-

55, 142-144] 

X. SUMMARY OF THE PRIOR ART 

A. Rincon-Mora 

88. According to the Petitioner, Rincon-Mora is a set of two (and 

sometimes three) references, a patent, a technical paper, and a thesis.  The patent 

[EX1013] lists Nicolas Salamina as a co-inventor, the paper [EX1014] lists Phillip 

E Allen as co-author, and the thesis [EX1015] is authored by Gabriel Rincon-Mora.  

The technical paper emphasizes that the regulator has “made the low-voltage design 

viable for battery powered circuits.”  [EX1014, 8 (VI. Conclusion)]  The thesis 

concludes “Circuit techniques have been developed and verified that permit the 

practical realization of low drop-out regulators in a single, low-voltage battery cell 

environment to be feasible in current existing technologies.”  [EX1015, 175 (8.4 

Conclusion and Recommendations)] 

89. Focusing on the Rincon-Mora patent [EX1013] the invention claims to 

deliver “[a]n improved low-dropout (‘LDO’) voltage regulator incorporat[ing] a 
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transient response boost circuit which is added to the slew-rate limited node at the 

control terminal of the LDO voltage regulator output transistor and provides 

improved transient response performance to the application of various load current 

step stimuli while requiring no standby or quiescent current during zero output 

current load conditions.” [EX1013, Abstract (emphasis added)]  The patent further 

states “the present invention relates to a current efficient LDO voltage regulator … 

and yet requires no standby current during zero output current load conditions”  

[EX1013, 1:13-17 (emphasis added)] and “[i]n a preferred embodiment disclosed 

herein, a transient boost circuit is added to the slew-rate limited node and requires 

no standby current during zero output current load conditions.”  [EX 1013, 2:4-

7 (emphasis added)]5

90. This objective is delivered through the introduction of a gain stage 

between the error amplifier and the output PMOS transistor as shown in Fig. 5A (see

Figure 14 below).  Rincon-Mora Fig. 3 is similar and provides more detail. 

5 The Rincon-Mora paper says its LDO regulator has 23 µA of quiescent current.  

[EX1014, Abstract]  A POSITA reading the Rincon-Mora patent and Rincon-Mora 

paper together would understand that he is saying 23 µA of quiescent current is 

tantamount to “no” quiescent current such that it need not be considered further, 

including for battery applications. 
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Figure 14. Rincon-Mora, Fig.  5A, Fig. 3 [EX1013]

91. Notable in Fig. 5A is that the current that is used to bias buffer 42 is 

proportional to the output current supplied to the load by power PMOS 20.  If the 

load current is zero, then this bias current will also be zero, leading to the repeated 

statement that the LDO requires no quiescent current during zero output load current 

conditions.  [EX1013, Abstract, 1:13-17, 2:4-7]  Despite this very low quiescent 

current, the bias supplied to buffer 42 rapidly increases as the output current 

increases, raising the speed of the regulator, allowing it to control the gate of power 

PMOS 20 more quickly, and improving the regulator’s transient response.  This can 

be seen in Figure 15 below, where waveform “a” shows the step response (the 

response to a sudden change in load current) of an LDO according to Rincon-Mora 

and waveform “b” shows that of a “conventional LDO voltage regulator used 

similarly biased conditions.”  [EX1013, 3:19-21]  Here it is readily observed that the 

initial portions of the a and b waveforms appear to match, but Rincon-Mora’s LDO 
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generates a response much more rapidly than the conventional LDO that generates 

b.  This more rapid response results in a much smaller deviation of the voltage 

waveform from its final value (blue dashed line) for waveform a (in green) than for 

waveform b (in red). 

Figure 15. Rincon-Mora, Fig.  6 (annotation added) [EX1013]

B. Al-Shyoukh 

92. Mohammad Al-Shyoukh, along with co-authors Hoi Lee, and Raul 

Perez, wrote “A Transient-Enhanced Low-Quiescent Current Low-Dropout 

Regulator With Buffer Impedance Attenuation.”  [EX1004]  This paper (hereafter 

“Al-Shyoukh”) presents an LDO with many similarities to Rincon-Mora (including 

a transient boost circuit), but also provides shunt feedback to the source follower 

(BJT Q20 in Figure 16 below).  And it includes a much more rigorous analysis of 

the stability of the resulting regulator than is present in the Rincon-Mora patent.  Al-

Shyoukh achieves a quiescent current of 20-µA [EX1004, Abstract] (an even lower 
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quiescent current than Rincon-Mora) and states “[t]he LDO is able to achieve low 

dropout voltage of 200 mV and deliver 200-mA load current for portable power 

management applications with lithium-ion batteries.”  [EX1004, 10 (V. Conclusion)] 

Figure 16. Al-Shyoukh, Fig.  3a, Source-follower with shunt feedback 
[EX1004, 3]

93. The LDO regulator that Al-Shyoukh proposes is shown in Figure 17 

below.  Like Rincon-Mora, Al-Shyoukh includes an intermediate stage amplifier 

(“Impedance Attenuated Buffer”), but a PMOS source follow instead of an NPN 

emitter follower.  This Impedance attenuated buffer is also dynamically biased 

using feedback from the output PMOS transistor Mp but using a different circuit 

topology than Rincon-Mora, and in addition it includes shunt feedback. 
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Figure 17. Al-Shyoukh Fig. 8 [EX1004, 7]

94. The replacement of the NPN emitter follower used in Rincon-Mora 

with a PMOS source follower is significant in that the output of an NPN emitter 

follower is approximately 0.7V lower than its input, while the output of a PMOS 

source follower is higher than its input.  This higher output value makes it easier to 

turn off output transistor Mp under zero output current conditions. 

95. Al-Shyoukh includes a thorough stability analysis of his circuit, which 

resulted in phase margin varying from 69° (good) to >85° (better) across more than 

5 orders of magnitude variation in load current, as shown in Figure 18 below.  At the 

same time, he delivers four times the load current supported by Rincon-Mora 

(200mA versus 50mA) at a slightly lower quiescent current.  It’s unclear how much 

of this improvement is due to the higher gm available in the 0.35µm technology used 
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by Al-Shyoukh versus the 2µm technology used by Rincon-Mora (5 generations of 

technology).  [EX1004, Table II] 

Figure 18. Al-Shyoukh, Fig.  7 [EX1004, 7]

96. As seen in Figure 19 below, Al-Shyoukh’s LDO has approximately 1% 

undershoot (20mV on a 1.8V supply) for a 0 to 200mA output load current transition 

and under 1% overshoot for a 200 to 1mA output load current reduction (this is 

worse than the 200 to 0mA transition).  There is about 1.5% DC variation in the 

output voltage between 1mA and peak load.  There is an additional 10mV of DC 

droop when the low load is dropped to 0mA, an anomalously large value, but still 

overall the regulation is very good due to the high speed and high gm of the regulator. 
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Figure 19. Al-Shyoukh, Fig. 11, Measured load transient response [EX1004, 9] 
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97. Figure 20 shows a summary of Al-Shyoukh’s results compared with 5 

prior papers.  Compared to Rincon-Mora (which is reference [1] in Al-Shyoukh), 

Al-Shyoukh delivers four times the load current at a slightly lower quiescent current.  

Al-Shyoukh does not say how much of this improvement is due to the higher gm 

available in the 0.35µm technology used by Al-Shyoukh versus the 2µm technology 

used by Rincon-Mora (5 generations of technology).  [EX1004, Table II] 

Figure 20. Al-Shyoukh, Table II [EX1004, 10]

C. Ivanov 

98. Ivanov (U.S. Pat. 6,400,207) is a patent entitled “Quick Turn-On 

Disable/Enable Bias Control Circuit for High Speed CMOS Opamp,” and lists 

Vadim Ivanov and Shilong Zhang as the inventors.  “[It] relates generally to start-
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up circuits for integrated circuit applications.  More particularly, [it] relates to a 

quick turn-on disable/enable bias control circuit for use in conjunction with high 

speed CMOS amplifiers, particularly CMOS amplifiers used in high speed video 

multiplexing applications.”  [EX1005, 1:6-11]  Being focused on the enable/disable 

circuit, the specification is silent on the question of set[ting] a biasing ratio for gm-

boost of the current buffer driver and provides essentially no information on how 

reference generation circuits are to be built.  Instead, it responds to a user supplied 

“shutdown” signal to enable or disable the reference voltage output.  While Ivanov’s 

title has the word “Quick Turn-On” in it, a POSITA would understand that any 

circuit which can be enabled/disabled (including Ivanov’s) incurs some amount of a 

delay penalty when coming out of the disabled state. 

99. Ivanov offers embodiments based on several variants of bandgap 

circuits.  [EX1005, Figs. 1, 3, and 4] This class of circuits offers the generation of 

currents that are proportional to absolute temperature (PTAT) and voltages that are 

robust in the face of process, supply voltage, and temperature variations.  One 

challenge of bandgap circuits is that they have two potential operating states: a 

metastable state where they draw no current and do not deliver a usable output, and 

a stable, nonzero current state where they deliver well-regulated outputs.  As a result 

of this characteristic, there are a wide variety of “start-up circuits” that yank the 
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bandgap out of the zero current state without significantly impacting the normal 

operating state of the circuit. 

100. Looking at Ivanov’s Fig. 1 (Figure 21 below), the capacitor C0 provides 

noise immunity on a high impedance node when the circuit is operating.  The 

reference generator turns off when VSHUTDOWN is low, turning on M11 and turning off 

M3 (yellow highlighting).  If the voltage on capacitor C0 were to drop to zero volts 

when the reference generator is operating, then M6 would stop carrying current, the 

rest of the reference generation circuit 2 would completely shut down and start up 

only very slowly.  Ivanov includes trickle charge circuit 3 to avoid the occurrence of 

this situation.
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Figure 21. Ivanov, Fig.  1 (with annotation) [EX1005]

101. Trickle charge circuit 3 (green highlighting) drives C0 to a voltage 

somewhat higher than that on diode Q0.  [EX1005, 5:59-6:2]  This voltage is almost 

certainly not the same as the operating value of voltage across C0, which is close to 

VBIAS-, but it is high enough to ensure that the circuit loop through nodes 5, 6, and 7 

will be “on” when VSHUTDOWN is raised to re-enable the connected reference 

generation circuit.  At that time the reference generation circuit loop will start 
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operating again and stabilize in about 100 to 150 ns.  [EX1005, 6:28-36]  The precise 

time will depend upon the difference in voltage between the trickle charge output 

and the operating voltage of C0, with the former being dependent upon how long the 

circuit has been in “shutdown” (viz., with longer standby time resulting in longer 

startup time) and the latter depending upon temperature.  And additional time will 

be needed to distribute the reference voltage to all of its receivers and for them to 

turn on in response to its arrival.

102. Importantly, the trickle circuit charge works continuously, even when 

VSHUTDOWN is high.  This adds an offset to the circuit, which under normal operating 

conditions applies the same voltage to the gates of M0 and M11 and the same currents 

to their drains.  The trickle current will thus result in the output voltage/current being 

both off target and increasing its temperature sensitivity.

103. Understanding the impact of this trickle charge current requires some 

understanding of how bandgap circuits work, but none of this information is 

included in the Ivanov patent.  To summarize, Ivanov presents a method to enable 

and disable a reference generation circuit.  It includes essentially no information on 

how to build a reference generation circuit.  And Ivanov says nothing whatsoever 

about set[ting] a biasing ratio for gm-boost of the current buffer driver.  It appears 

Ivanov was included purely because the words “enable/disable bias control circuit” 
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are present in the title of the patent and, in hindsight, match some of the language in 

claim 1[d]. 

XI. RESPONSE TO THE PETITIONER’S ARGUMENTS AND DR. 
CHEN’S DECLARATION 

A. Petitioner Conflates Gm Boosting With Gm Enhancement and 
Fails to Show Gm Enhancement in Either Ground 

104. Claim 1 of the ’074 patent is: 

1. A voltage regulator, comprising: 

1[a] an operational amplifier 

1[b] a gm enhanced current buffer driver; 

1[c] a biasing circuit coupled to the current buffer driver to set a biasing ratio 
for gm-boost of the current buffer driver; 

1[d] an enable/disable function to enable/disable the biasing circuit for reducing 
standby current; 

1[e] an output power driver, wherein the current buffer driver is coupled 
between the operational amplifier and the output power driver; 

1[f] a current feedback circuit coupled between the output power driver and the 
current buffer driver; and 

1[g] a feedback loop coupled between the output power driver and the 
operational amplifier. 

105. As noted in ¶¶68-71, there are multiple circuit techniques that can be 

used to raise the effective gm of a source follower.  Rincon-Mora dynamically 

controls the current through the source follower being used as a buffer so that gm is 

proportional to the output current being delivered by the voltage regulator and refers 
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to this technique as both a “transient response boost circuit” and a “transient boost 

circuit.”  [EX1013, Fig. 3, 1:10-17, 2:57-64] The ’074 patent uses similar 

terminology, calling this approach “gm-boost”: 

The gm-boost circuit 218 may provide a gm-boost technique 

that will increase the impedance value of the current buffer 

driver 204 with the help of the current feedback 210 which 

may sense the current change at the output of the output driver 

206.” [EX1001, 4:15-20] 

106. As explained in ¶¶84-87 above, equating gm-boost with Rincon-Mora’s 

“Transient (Response) Boost” matches what is recited in claim 1[c]: this boost 

technique forces the gm of the source follower to be proportional (ratioed) to a current 

elsewhere in the circuit, in Rincon-Mora’s case to the current in the output PMOS 

20 of the voltage regulator (see Rincon-Mora Fig.  3 below). 
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Figure 22. Rincon-Mora, Fig. 3, showing transient boost circuit 40 [EX1013, 
4:32]

107. On the other hand, gm enhancement is a different method to increase 

the gm of the circuit, one that offers benefits that are additional to those offered by 

gm-boost. [¶¶Error! Reference source not found.-Error! Reference source not 

found.] Treating the two different terms as synonyms ignores the improvement in 

gm offered by employing both techniques together. 

108. Petitioner contends that “Rincon-Mora’s buffer driver is gm enhanced

because the transient boost circuit, comprising transistor 45 and current mirror 47, 

Microchip EX2021, p. 63 
Aptiv v. Microchip 

IPR2024-00646



Decl. of Dr. Greg Taylor 

64 

increase its gm.”  [Pet., 58]  And in ¶142 Dr. Chen likewise contends that gm 

enhanced is simply the result of using a gm-boost circuit. 

I have explained above in my summary of Rincon-Mora how 

its circuit includes a current feedback system (shown in blue 

below) that enhances the gm of the buffer driver (green): 

[EX1002, ¶142] 

Figure 23. Rincon-Mora, Fig.  3, including annotations by Dr. Chen [EX1013, 
EX1002, ¶142]

109. Equating gm enhance[ment] with gm-boost would mean that any 

system that meets claim 1[c] will necessarily also meet claim 1[b], and improperly 
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conflates the two different claim limitations, contrary to how a POSITA would 

understand them.  The difference between the two is confirmed by the ’074 patent 

specification, which shows a current buffer 204 that delivers a gm that is greater than 

that provided just by source follower 384, around which the current buffer is based, 

in Figure 3B (seen below). Here we can see that if the voltage on node C rises, the 

current through source follower 384 is reduced, with that reduction the bias current 

is redirected through current mirror 368/370 into node B (viz., the gate capacitance 

of the power output transistor 380).  If PMOS devices 368 and 370 are the same size, 

then this redirected current will provide an additional gm equal to that of source 

follower 384, doubling the overall gm of the circuit.  If PMOS device 370 is larger 

than 368, then the gm will be further enhanced.  On the other hand, if the voltage on 

node C falls, then the opposite set of changes occur, again enhancing the overall gm 

of the circuit.  This is the gm enhancement to which claim 1[b] refers, and it is not 

the same as gm-boost (which employs a totally different mechanism as described in 

¶¶70-71).  The techniques are different, with gm enhance[ment] reallocating bias 

current while gm-boost dynamically raises bias current. Together the combined gm

is superior to what either technique offers by itself. 
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Figure 24. ’074, Fig. 3B with annotation showing gm enhance[ment]
[EX1001]

110. Dr. Chen states “I have explained above in my summary of Rincon-

Mora how its circuit includes a current feedback system (shown in blue below) that 
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enhances the gm of the buffer driver (green)…” [EX1002, ¶142] and then two 

paragraphs later concludes with “Given that Rincon-Mora’s buffer and the ’074 

patent’s buffer are both structurally and functionally similar, a POSITA would have 

understood Rincon-Mora’s buffer to the a current buffer to the same extent that 

the ’074 patent’s buffer is a current buffer.” [EX1002, ¶144 (quotation marks 

omitted)] Nowhere does Dr. Chen describe Rincon-Mora demonstrating gm 

enhance[ment] (reallocation of existing bias current), only gm-boost[ing] (changing 

the total amount of bias current).  Without gm enhance[ment], clearly there is no 

gm enhanced current buffer driver. 
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Figure 25. Rincon-Mora, Fig.  3 as annotated by Dr. Chen [EX1003, EX1002, 
after ¶142]

111. The same flawed arguments are presented with respect to Al-Shyoukh.  

Petitioner states that “Al-Shyoukh’s buffer is ‘gm enhanced’ because it receives a 

gm boost.”  [Pet., 16]  Dr. Chen states “I have explained above in my summary of 

Al-Shyoukh how its circuit includes a current feedback system that enhances the gm 

of transistor M21…” [EX1002, ¶53] and then two paragraphs later concludes with 

“Thus, it is my view that regardless of what precisely is meant by current buffer 

driver, Al-Shyoukh discloses the same current buffer driver that the ’074 patent 

discloses.” [EX1002, ¶55 (quotation marks omitted)]  Nowhere do Petitioner or Dr. 
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Chen describe Al-Shyoukh demonstrating gm enhance[ment] (reallocation of 

existing bias current), only gm-boosting (changing the amount of bias current).  

Without gm enhance[ment], clearly there is no gm enhanced current buffer driver.

B. Petitioner Fails to Show the Claimed “Biasing Circuit …” in 
Either Ground 

112. Claim element 1[c] recites a biasing circuit coupled to the current 

buffer driver to set a biasing ratio for gm-boost of the current buffer driver.  

Petitioner fails to show that either Al-Shyoukh or Rincon Mora meet this 

requirement. 

113. The Petitioner proposes the argument: 

Al-Shyoukh’s LDO uses a biasing circuit coupled to the 

buffer driver to set a voltage Vb1 at the gate of transistor M27, 

providing a bias current I22 that is mirrored across transistors 

M23 and M22 to set a biasing ratio for gm-boost of the current 

buffer driver.  (EX1002 ¶¶ 56-58; EX1004, Fig. 8.)  [Pet., 17] 
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Figure 26. Al-Shyoukh, Fig. 8 (as annotated in Petition) [Pet., 19, EX1004]

114. In the Petitioner’s argument the biasing circuit (not shown) determines 

the current provided by M27.  This current is added to the gm-boost current provided 

by M25 and the total current is then mirrored by M23/M22 where it biases the drain 

of source follower M21. Rather than a biasing circuit coupled to the current buffer 

driver to set a biasing ratio for gm-boost of the current buffer driver, at most there 

is “a biasing circuit coupled to the circuit that set[s] a biasing ratio for gm-boost of 

the current buffer driver.”  In the former the biasing circuit participates in set[ting] 

a bias ratio while in the latter the biasing circuit is merely coupled to the circuit that 

set[s] a biasing ratio. 

115. The Petitioner then compounds this error in the next paragraph: 
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This matches the patent’s description of a bias network “fixed 

by transistor 396” such that the current from the network is 

“ratio’ed in transistors 368 and 370” with a feedback current.  

(EX1001, 5:15-24.) [Pet., 17-18] 

Figure 27. ’074, Fig. 3B (as annotated in Petition) [Pet., 18, EX1001]

116. The Petitioner has matched portions of the gm-boost circuit in Al-

Shyoukh and the gm enhancement circuit in the ‘074 patent in the hope that this 

will hide the fact that no biasing circuit[ry] … to set a biasing ratio for gm-boost 
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of the current buffer driver has been identified. Both happen to use current mirrors 

which have ratios, but the transistors identified in the ‘074 patent are not part of the 

gm-boost circuitry. 

117. Similarly, in ¶¶56-59 of his declaration, Dr. Chen shows (see Figure 28 

below) that there is a bias circuit coupled to the current buffer driver (“A POSITA 

reading Al-Shyoukh would have understood that, although not shown, the voltage 

Vb1 at the gate of M27 is provided by a biasing circuit” [EX1002, ¶56]) and he shows 

that there is a circuit to set a biasing ratio for gm-boost of the current buffer driver 

(“In addition, the figure above shows the feedback current from M25 in red, and the 

summed current, flowing into M23, and mirrored to M22, in purple.” [EX1002, ¶56]). 

Figure 28. Al-Shyoukh, Fig. 8 as annotated by Dr. Chen [EX1002, ¶56]
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118. The biasing circuit that Dr. Chen identifies determines the current 

provided by PMOS M27.  This circuit does not set a biasing ratio, it merely provides 

a portion of the current going to the circuit that sets the bias ratio, M22 and M23 in 

his depiction.  A POSITA would recognize that in this schematic the gm-boost is 

supplied by the current provided by M25, and the biasing ratio for gm-boost (the 

fraction of the output driver current that biases the source follower) is given by the 

size ratio: 
𝑀25×𝑀22

𝑀𝑝×𝑀23
.  The design of the identified bias circuit and the size of M27 do 

not appear in this ratio because M27 and its bias circuit do not set the biasing ratio 

for gm-boost of the current buffer driver, instead M27 provides a constant bias 

current. 

119. When discussing Rincon-Mora, the Petitioner’s argument suffers from 

similar flaws, starting with: 

Rincon-Mora’s LDO uses a biasing circuit coupled to the buffer 

driver to set a bias current Ibias that is mirrored in current mirror 

47 to set a biasing ratio for gm-boost of the buffer driver.  

(EX1013, 3:55-62, 4:30-65, 7:35-41, Figs. 1, 3; EX1002 ¶¶ 145-

49.) [Pet., 59] 
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Figure 29. Rincon-Mora, Fig. 3 (as annotated in Petition) [Pet., 61, EX1013]

120. Again, in the Petitioner’s argument the biasing circuit (not shown) 

determines the Ibias current. This current is added to the gm-boost current provided 

by PMOS 45 and the total current is then mirrored by mirror 47 where it biases the 

drain of emitter follower 42. Rather than a biasing circuit coupled to the current 

buffer driver to set a biasing ratio for gm-boost of the current buffer driver, at most 

there exists “a biasing circuit coupled to the circuit that set[s] a biasing ratio for gm-

boost of the current buffer driver.”  In the former the biasing circuit participates in 
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set[ting] a bias ratio while in the latter the biasing circuit is merely coupled to the 

circuit that set[s] a biasing ratio. 

121. In the following paragraph the Petitioner again compares a portion of 

the gm-boost circuit in Rincon-Mora to the gm enhancement circuit in the ‘074 

patent because both happen to contain current mirrors, ignoring the fact that no 

biasing circuit[ry] … to set a biasing ratio for gm-boost of the current buffer driver

has been identified. 

122. Dr. Chen repeats this same mistaken analysis in ¶¶145-146 of his 

declaration for the Rincon-Mora ground.  Here the current provided by the identified 

bias circuit is shown in blue in his Fig.  3 (Figure 30 below), while the independent 

boost current Iboost is shown in red.  He correctly identifies the bias ratio: “As the 

Rincon-Mora Paper explains, this boost increases the slew-rate current of the error 

amplifier as Isr = Ibias + Iboost = Ibias + kIload, where Iload is the load current and k is the 

mirror ratio between transistors 20 and 45.  (EX1014, 38.)” [EX1002, ¶146 

(emphasis added)].  However, the bias circuit Dr. Chen relies on does not “set” the 

bias ratio, instead it provides the quiescent current that keeps the regulator operating 

when there is no output current and is completely independent of the identified [bias] 

ratio between transistors 20 and 45. 

Microchip EX2021, p. 75 
Aptiv v. Microchip 

IPR2024-00646



Decl. of Dr. Greg Taylor 

76 

Figure 30. Rincon-Mora, Fig.  3 (as annotated by Dr. Chen) [EX1002, ¶145; 
EX1013]

123. In ¶149 Dr. Chen asserts that even if biasing ratio is understood to 

mean a ratio of current that the current buffer draws from DC relative to the current 

feedback circuit then Rincon-Mora LDO’s biasing circuit (which he never identifies) 

would still meet 1[c].  The Petition says the same thing.  [Pet., 20]  The only basis 

provided for this interpretation is “Patent Owner’s expected claim constructions.”  

[Id., fn. 2]  Patent Owner pursued no such claim construction.  In any event, the 

assertion makes no sense, especially without further context.  Dr. Chen says “The 

Rincon-Mora LDO’s biasing circuit provides a bias current Ibias, and a POSITA 

would have understood that adjusting the biasing circuit to set Ibias would have 
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allowed the circuit designer to set a ratio of current drawn from DC and current 

drawn from the feedback circuit (Iboost).  (EX1013, Fig.  3.)”  [EX1002, ¶149]  But 

Ibias is a constant current while Iboost varies dynamically.  How is the designer to set 

a ratio between a fixed quantity and a varying quantity? The ratio will continuously 

vary as the output current changes, it is never “set.” 

124. The Petition makes a slightly different argument, that Rincon-Mora’s 

current mirror 47 is somehow analogous to “a current that is ratio’ed in transistors 

368 and 370 with a current provided by the feedback circuit.”  [Pet., 59 (quotations 

marks omitted)]  But current mirror 47 is part of Rincon-Mora’s gm-boost circuit, 

while the ’074 patent’s transistors 368 and 370 are part of the gm enhancement

circuit and do not set a biasing ratio for gm-boost of the current buffer driver. 

C. Petitioner Fails to Establish a Legitimate, Non-Hindsight 
Motivation to Combine Ivanov with Either Rincon-Mora or Al-
Shyoukh 

125. Petitioner and Dr. Chen employ the same inadequate rationale to 

combine Ivanov with Rincon-Mora (Ground 2) or Al-Shyoukh (Ground 1).  Both 

admit that neither Rincon-Mora nor Al-Shyoukh meet claim element 1[d], “an 

enable/disable function to enable/disable the biasing circuit for reducing standby 

current.”  [EX2018, 128:17-129:6 (“Q.  What claim elements in Claim 1 are missing 

from the Al-Shyoukh reference?  A.  … So Al-Shyoukh satisfies most of these claims, 

except for the 1D, the enable/disable function.  Q.  What elements of Claim 1 are 
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missing from the Rincon-Mora reference?  A.  Yeah, so counsel, the combination 

for Rincon-Mora is Claim 1D, the enable/disable function.”)]. 

126. Citing power efficiency, Petitioner combines Ivanov with Rincon-Mora 

and Al-Shyoukh in an attempt to meet claim 1[d]: 

 Both Rincon-Mora and Ivanov are highly concerned with 

power efficiency, and Ivanov’s mechanism saves power by 

shutting off unused circuitry.  [Pet., 64] 

 Rincon-Mora’s LDO in combination with Ivanov discloses 

1[d].  [Pet. 62] 

 POSITA “would have recognized Ivanov’s bias circuit model, 

including its disable/enable control mechanism, to be useful 

and suitable for Rincon-Mora’s LDO.  One of Rincon-Mora’s 

main objectives is to improve power efficiency and reduce 

quiescent current.”  [EX1002, ¶157] 

 Al-Shyoukh is highly concerned with power efficiency, and 

Ivanov’s mechanism saves power by shutting off circuitry 

when it is not needed.  [Pet., 25] 

 Al-Shyoukh with Ivanov discloses 1[d].  [Pet., 22] 

 POSITA “would have recognized Ivanov’s bias circuit model, 

including its disable/enable control mechanism, to be useful 
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and suitable for Al-Shyoukh’s LDO.  One of Al-Shyoukh’s 

primary overall objectives is to improve power efficiency and 

reduce quiescent current.”  [EX1002, ¶67] 

 “I mainly show Ivanov, you know, how they can use that 

transistors in 11 and that sh[u]tdown circuits to perform the 

enable and disable function.”  [EX2018, 225:6-20, 231:13-

20]. 

127. Nowhere do the Petitioner or Dr. Chen address the fact that power 

management is a system level problem, that the system designer will focus on the 

big sources of power first, and that system level solutions have implications beyond 

the block in which a change (such as the addition of enable/disable functionality) is 

made.  Instead, they propose the addition of an enable/disable circuit as a simple, 

painless solution to an insignificant problem.  In doing so they ignore the significant 

impact of Ivanov’s “charging reference current” of 0.1 to 5 µA and “trickle charging  

current” of 1 to 2 µA circuit on the existing 20 or 23 µA quiescent current. [EX1005, 

5:39-41, 5:54-58]  These are examples of using hindsight to justify the combination 

of references that fail to explain why POSITA would be motivated to do so. 

128. Rincon-Mora and Al-Shyoukh were motivated by power efficiency to 

develop their own circuits, but they did not casually forget to think about enable. 

Instead, they actively teach away from it, starting with Rincon-Mora’s abstract: 

Microchip EX2021, p. 79 
Aptiv v. Microchip 

IPR2024-00646



Decl. of Dr. Greg Taylor 

80 

An improved low-dropout (“LDO”) voltage regulator 

incorporates a transient response boost circuit which is added 

to the slew-rate limited node at the control terminal of the 

LDO voltage regulator output transistor and provides 

improved transient response performance to the application 

of various load current step stimuli while requiring no 

standby or quiescent current during zero output current 

load conditions.  [EX1013, Abstract (emphasis added)] 

More particularly, the present invention relates to a current 

efficient LDO voltage regulator incorporating a transient 

response boost circuit which may be added to selectively 

apply current to a slew-rate limited node and yet requires no 

standby current during zero output current load 

conditions of the LDO voltage regulator.  [EX1013, 1:12-

18 (emphasis added)] 

In a preferred embodiment disclosed herein, a transient boost 

circuit is added to the slew-rate limited node and requires no 

standby current during zero output current load 

conditions.  [EX1013, 2:4-7 (emphasis added)] 

129. Since Rincon-Mora in his own words has delivered a voltage regulator 

that has no standby or quiescent current, there is simply no reason for a POSITA to 

deal with the complexity of deciding when to enable and when to disable the 

regulator.  When the load is not active the regulator will automatically draw no 

current yet be ready to immediately deal with subsequent increases in load current.  
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Clearly no disable is needed, so why include one?  The only answer is hindsight.  No 

POSITA would add complexity and effort to deal with a non-problem. 

130. Moreover, even if a POSITA were to try and solve a problem the 

reference itself said does not exist, Petitioner fails to consider the trade-offs involved 

in doing so.  For example, according to Ivanov, the trickle charge circuit draws up 

to 5µA, not including the 1-2µA of current that is trickled onto capacitor C0.  

[EX1005, 5:39-41, 5:59-65] 7 µA is a lot of current to add to save 23µA of quiescent 

current, especially when it will also require the addition of a new analog circuit that 

can detrimentally impact reference generation and logic to determine when the 

regulator should be turned on and off.  It would be simpler to just leave the regulator 

enabled and letting the load decide whether it wants to draw current or not, avoiding 

potential bugs in both the enable of the reference generation and the enable/disable 

decision.  Contrast this with the Micrel MIC59300 regulator that Dr.  Chen provided 

as an example of a commercial LDO: the MIC59300 has a quiescent current of 7.5 

mA (more than 300x Rincon-Mora) and clearly benefits from the addition of a 

“shutdown” circuit.  [EX1011, 4 (VBIAS supply current)] But this shutdown circuit 

comes with the penalty of a 300 µs turn-on time, making it potentially unusable in 

many systems.  [EX1011, 5 (Turn-on Time)] 

131. Turning to Al-Shyoukh, a similar analysis leads to the same result.  A 

POSITA reading the Rincon-Mora paper (discussed in Al-Shyoukh) and the Rincon-
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Mora patent together would understand Rincon-Mora to be equating 23µA of 

quiescent current to be sufficiently low as to be negligible.  In this regard, I note that 

even the Petitioner and Dr. Chen recognize as much, stating that “if [Rincon-Mora’s] 

transistor 45 is sufficiently small, its quiescent current in a no-load state is negligible 

and thus power-efficient.”  [Pet., 56; EX1002, ¶136 (same)] 

132. When reviewing Rincon-Mora’s results, Al-Shyoukh points only to the 

use of an emitter follower driving the output PMOS device and the low output 

current limit of 50 mA: 

In [Rincon-Mora], an emitter-follower has been adopted as a 

voltage buffer to drive the pMOS pass device. The low output 

resistance of the emitter-follower allows the pole at the gate 

of the pass device to be pushed beyond the unity-gain 

frequency of the LDO regulation loop. The reported LDO 

dissipates low quiescent current, while sourcing the 

maximum load current of 50 mA.  [EX1004, 1] 

133. Notably, Al-Shyoukh does not point to inadequate power savings in 

Rincon-Mora.  The changes made by Al-Shyoukh addressed these same two issues, 

eliminating the emitter follower and quadrupling the maximum output current, while 

offering only incremental gains in quiescent current himself: 20 µA compared to the 

23 µA that he references in the Rincon-Mora paper. 

134. Al-Shyoukh’s Table II Performance Comparison with Previously 

Reported LDOs is shown below, to which I have added an addition column/product 
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on the right which is the Micrel MIC59300 regulator submitted by Petitioner.  This 

addition is highlighted in green and quiescent current in yellow.  The Micrel 

MIC59300 is competitive using Al-Shyoukh’s figure of merit (possibly even better 

considering the MIC59300 is a high yielding product and not a cherry picked 

laboratory curiosity), but has a high Iq even allowing for its 15x higher IL,max than 

Al-Shyoukh.  Al-Shyoukh’s quiescent current of 20 µA (even lower than Rincon-

Mora’s 23 µA) is much closer to the Micrel disable current of “microamperes” than 

it is to 7.5 mA.  Where is the motivation to add an enable capability to Al-Shyoukh 

when Al-Shyoukh automatically delivers such a low quiescent current whenever the 

load is inactive and is constantly ready to deliver a larger current when the load 

demands it? Adding an enable/disable capability would not only add circuit 

complexity and area it would also require the system designer to answer complex 

questions about when it is possible to survive a long startup delay to shut down the 

regulator.  On the other hand, there are multiple other parameters (IL,max, ∆Vout, and 

Tr) where there is clearly room to improve on Al-Shyoukh’s results. 
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1998 2000 2003 2004 2005 2007 2009

[1] [3] [4] [5] [17]
Al-

Shyoukh MIC59300

Technology (µm) 2 1 0.6 0.5 0.09 0.35 N.A.

Vdo (V) 0.3 N.A. 0.2 N.A. 0.3 0.2 0.205

IL,max (mA) 50 200 100 160 100 200 3000

Iq (mA) 0.023 0.03 0.038 0.025 6 0.02 7.5

Current Efficiency at IL,max (%) 99.5 N.A. N.A. N.A. 94.3 99.8 95.2

∆Vout (mV) 19 220 130 200 90 54 60

Tr (µs) 1.8 1.1 2 2.75 0.00054 0.27 0.02

CL (µF) 4.7 1 10 2.2 0.00060 1 1

ESR Zero Required No Yes Yes No No No No

FOM (ns) 8.2 0.165 4.9 0.43 0.032 0.027 0.05

Figure 31.  Al-Shyoukh, Table II (highlighting and MIC59300 added) 
[EX1004]

135. Comparing Al-Shyoukh’s results with the commercial LDO that Dr.  

Chen referenced, the Micrel MIC59300 shows that Al-Shyoukh has delivered a 

regulator with a quiescent current of 20 µA [EX1004, Table II, Iq is 0.02 mA].  In 

comparison the MIC59300 draws 7.5 mA when IL = 100 mA (the closest the Micrel 

datasheet comes to specifying a quiescent current).  [EX1011, 4 (VBIAS supply 

current)] The Micrel 59300 also offers a shutdown (enable/disable) mode: 

Enable 

An active high enable input (EN) allows on-off control of the 

regulator.  Current drain reduces to “zero” when the device is 

shutdown, with only microamperes of leakage current.  

The EN input has CMOS compatible thresholds for simple 

logic interfacing.  EN may be directly tied to VBIAS and pulled 

up to the maximum supply voltage.  [EX1011, 11 (emphasis 

added)] 
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This comes at the cost of a 300 µs turn-on time.  [EX1011, 5] Compare this to the 

Load Transient response shown in Figure 32.  Here we see that the current ramps 

approximately 2.75 A (90% of full load current) in approximately 3 µs, 100 times 

faster than the “turn-on time.”  Clearly there is a significant time penalty involved 

with disabling the regulator.  

Figure 32. Load Transient (annotation added) [EX1011, 8]

136. Comparing Rincon-Mora, Al-Shyoukh, and an additional 5 commercial 

voltage regulators using Al-Shyoukh’s metrics plus the shutdown/disable current 

yields the table shown below (Figure 33). Al-Shyoukh and Rincon-Mora deliver the 

lowest quiescent current by a factor of 7 to more than 400. Their quiescent current 

is comparable to or lower than the shutdown current of two of the three alternative 

regulators that support shutdown (the Micrel MIC59300 only says “Current drain 

2.75 A

~3 us
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reduces to ‘zero’ when the device is in shutdown, with only microamperes of leakage” 

[EX1011, 11]). Note that even when disabled, regulators still have leakage and still 

dissipate power. There is no reason Rincon-Mora or Al-Shyoukh would be any 

different. If Ivanov’s enable/disable circuitry were added to these regulators, then 

their quiescent current would increase by Ivanov’s 5-7 µA and their 

shutdown/disable current might not reduce significantly from the present 20 to 

23 µA of quiescent current. Neither the Petitioner nor Dr. Chen has shown why 

POSITA would increase the quiescent current by 30 to 35% to obtain a shutdown 

current that is at best a minor improvement (and possibly a small step backwards) 

over their existing quiescent current. 

1998 2009 2009 2013 2012 2012 2012 2003
EX1013 EX1004 EX1011 EX2011 EX2012 EX2016 EX2019 EX2020

Technology (µm) 2 0.35 N.A. N.A. N.A. N.A. N.A. N.A.

Vdo (V) 0.3 0.2 0.205 <1 2 1.2 0.39 <0.5

IL,max (mA) 50 200 3000 1000 500 1500 300 3000

Iq (mA) 0.023 0.02 7.5 5 6 10 0.16 10

ISHUTDOWN (mA) N.A. N.A. <0.01 N.A. N.A. N.A. 0.06 0.02

Current Efficiency 
at IL,max (%) 99.5 99.8 95.2 95.2 98.8 98.8 99.9 99.7

∆Vout (mV) 19 54 60 40 500 130 100 N.A.

Tr (µs) 1.8 0.27 0.02 0.04 0.1 1.63 0.33 N.A.

CL (µF) 4.7 1 1 1 0.1 10 1 47

ESR Zero 
Required No No No Yes No Yes Yes No

FOM (ns) 8.2 0.027 0.05 0.2 1.2 20.3 0.18 N.A.

Figure 33. Comparison of Rincon-Mora [EX1013], Al-Shyoukh 
[EX1004], MIC59300 [EX1011], LM2990 [EX2011], L78Mxx [EX2012], 

LM1117 [EX2016], TC1300 [EX2019], and KA78Rxx [EX2020]

137. Aside from quiescent current, the IL,max offered by Rincon-Mora and 

Al-Shyoukh consistently falls short of the alternatives, some of which offer better Tr, 
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and/or CL in spite of have a worse FOM than Al-Shyoukh. And both Rincon-Mora 

and the LM2990 [EX2011] offer better ∆Vout than Al-Shyoukh. With all these 

deficiencies, why would POSITA focus on improving what is already the best 

quiescent current? Al-Shyoukh has already delivered a regulator suitable for lithium-

ion battery powered systems without using an enable/disable capability, so why add 

Ivanov’s trickle charge/disable circuit and increase the quiescent current by 35%? 

[EX1004, V. Conclusion] 

138. Like Rincon-Mora, Al-Shyoukh delivered a quiescent current that was 

close enough to zero that the system level problems involved with enabling and 

disabling regulators could be avoided entirely. The Petitioner and Dr. Chen have 

failed to explain why POSITA would want to open Pandora’s Box by raising the 

quiescent current of the regulator (by adding Ivanov’s trickle charge/disable circuit), 

and increasing system design complexity by requiring a decision about when the 

regulator can be disabled and when it must be enabled, without addressing whether 

further regulator power savings are even needed or if the shutdown/disabled current 

of the regulator plus Ivanov’s trickle charge/disable circuit is below the quiescent 

current of the existing design. 

XII. CONCLUSION 

139. I am aware that this declaration will be filed as evidence in an inter 

partes review (“IPR”) proceeding before the Patent Trial and Appeal Board.  I am 
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aware that making willfully false statements in my declaration are punishable by fine 

or imprisonment, or both (under 18 U.S.C. §1001), and thus such actions may 

compromise the validity of the IPR proceeding.  All statements herein made by me 

of my own knowledge are true, and all statements made on information and belief 

are believed to be true. 

140. I declare under penalty of perjury that the foregoing is true and correct. 

Executed this 7th day of January, 2025. 

___________________________ 

Gregory F.  Taylor 
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