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I, Paul Min, Ph.D., of St. Louis, Missouri, declare that:

I. ASSIGNMENT

1. I have been retained as a technical expert by counsel on behalf of
MediaTek Inc. and MediaTek USA Inc. (collectively “Petitioner” or
“MediaTek”). I understand that MediaTek is requesting that the Patent Trial and
Appeal Board (“PTAB” or “Board”) institute /nter Partes Review (“IPR”) of U.S.
Patent No. 8,854,077 (“the *077 Patent”) (MTK-1001).

2. I have been asked to provide my independent analysis of the 077
Patent in light of the prior art cited below.

3. I am not currently an employee of MediaTek. I received no
compensation for this declaration beyond my normal hourly compensation based
on my time actually spent preparing these opinions and analyzing the *077 Patent,
the prior art cited below, and the issues related thereto, and I will not receive any
added compensation based on the outcome of any IPR or other proceeding

involving the 077 Patent.
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II. QUALIFICATIONS

4. A summary of my background and qualifications as a technical
expert for this case is provided below. A complete listing of my qualifications
and background are detailed in my curriculum vitae (“CV”), which is attached
hereto as Appendix A. Among other things, my CV includes a list of my issued
patents and publications. My curriculum vitae also includes information about
my expert witness experience, with case numbers where available.

5. I received a B.S. degree in Electrical Engineering in 1982, an M.S.
degree in Electrical Engineering in 1984, and a Ph.D. degree in Electrical
Engineering in 1987 from the University of Michigan in Ann Arbor. I received
several academic honors, including my B.S. degree with honors, a best graduate
student award and a best teaching assistant award during my M.S. study, and a
best paper award from a major international conference for reporting results from
my Ph.D. thesis.

6. After receiving my Ph.D., I worked at Bellcore in New Jersey from
August 1987 until August 1990. At Bellcore, I was a member of the team
responsible for evolving the public switched telephone network (PSTN) into a
multi-services voice and data network that incorporated packet switches, optical
technologies, and wireless technologies.

7. In September 1990, I joined the faculty at Washington University in
St. Louis. In July 1996, I was promoted to an Associate Professor of Electrical

Engineering with tenure. I am currently a Senior Professor of Electrical and



Systems Engineering at Washington University in St. Louis. I have served as the
Chair of the Graduate Curriculum (2000-2002) and the Chair of the
Undergraduate Curriculum (2011-2014) for the Electrical and Systems
Engineering department.

8. At Washington University, I have conducted research in
communication, computing, and related electronic hardware and software. 1 have
received several grants from the U.S. Federal Agencies, including the National
Science Foundation and the Defense Advanced Research Project Agency, the Air
Force Office of Scientific Research, and numerous contracts from companies and
organizations around the world.

9. As a faculty member at Washington University, | taught a number
of courses in electronics, communication, and computing at both the
undergraduate and graduate levels. For example, I have taught courses including
electronic circuits, communication theory, data networks, transmission and
multiplexing, and signaling and control of communication networks. 1 have
supervised numerous graduate students, many of whom received a doctoral
degree under my guidance.

10. In addition to my responsibilities as a university faculty member, I
founded two companies. In May 1997, I founded MinMax Technologies, Inc., a
fabless semiconductor company that developed switch fabric integrated circuit
chips for the Internet. In March 1999, I founded Erlang Technology, Inc., a

fabless semiconductor company that focused on the design and development of



integrated circuit chips and software for the Internet. One of Erlang’s products
received a best product of the year award in 2004 from a major trade journal for
the electronics industry. In these companies, I have designed a number of circuits
and software applications for the Internet and wireless communication networks.
Specifically related to the technology at issue in the 077 patent, many of the
integrated circuit chips my companies developed were notoriously power-hungry
(as many specialized communication chips do), requiring us to incorporate
various power control mechanisms to assure the proper functioning of these
chips.

11.  Outside my own start-up companies, I have also served in various
technology and business advisor roles for other companies and organizations
around the world. I was the main technical author for one of two winning
proposals to the Korean government for CDMA wireless service licenses (1996).
I was responsible for designing a commercial scale 1S-95 CDMA cellular
network, which I understand to be one of the earliest such networks deployed in
the world. I worked with numerous engineers and scientists around the world to
implement this commercial-scale cellular network before 1S-95 CDMA was
widely accepted and deployed. This provided me with extensive insight into
various components of CDMA technology, which extensively use various
transmission and switching technologies. I have also been involved in a
semiconductor company that specializes in semiconductor memories such as

flash EEPROMs as a board member and as a technical advisor (2007-2011).



12. I am a member of and have been actively involved in a number of
professional organizations. For example, I have served as the Chair of the Saint
Louis Section of the IEEE with more than 3,000 members (2014), and a member
of the Eta Kappa Nu Honor Society for electrical engineers. I have also been an
Ambassador of the McDonnell International Scholars Academy (2007-2013).

13. I am a named inventor on eleven U.S. patents. I have extensively
published technical papers in international conferences and journals, technical
memoranda and reports, and given a number of seminars and invited talks. I have
organized several international conferences and served as an international journal
editor.

14.  Thave also served as an expert in certain legal proceedings. A list of
cases in which I have testified at trial, hearing, or by deposition is provided in my
curriculum vitae (Appendix A). Over the past several years, [ have been retained
by patent owners as well as patent challengers in various IPR proceedings.

III. LEGAL PRINCIPLES

15. In forming my analysis and conclusions expressed in this
declaration, I have applied the legal principles described in the following
paragraphs, which were provided to me by counsel for the Petitioner.

A. Anticipation

16.  Itis my understanding that invalidation by “anticipation” exists only
if a single alleged prior art reference discloses each and every limitation of the

claim at issue, either expressly or inherently. In other words, every limitation of



the claim must appear in a single prior art reference for the reference to anticipate
that claim. I also understand that all elements of the claim must be disclosed in
the reference as they are arranged in the claim. I also understand that to be
considered anticipatory, the prior art reference must be enabling and must
describe the patentee’s claimed invention sufficiently to have placed it in the
possession of a person of ordinary skill in the field of invention. Under the
principles of inherency, I understand that if the prior art necessarily functions in
accordance with or includes the claimed limitations, it anticipates.

17.  Ihave been informed that a claim is invalid if the claimed invention
was known or used by others in the U.S., or was patented or published anywhere,
before the Applicant’s invention. I further have been informed that a claim is
invalid if the invention was patented or published anywhere, or was in public use,
on sale, or offered for sale in this country, more than one year prior to the filing
date of the patent application (critical date). I have also been informed that a
claim is invalid if an invention described by that claim was described in a U.S.
patent granted on an application for a patent (or in a published application for a
U.S. patent) that was filed by another in the U.S. before the date of invention for
such a claim.

18. T understand that a dependent claim contains all of the limitations of
the independent claim from which it depends. Thus, to establish anticipation,
every limitation set forth in a dependent claim as well as the independent claim

from which it depends must be found in an anticipatory reference.



B. Obviousness

19. I have been informed that a patent claim is invalid as “obvious” in
light of one or more prior art references if it would have been obvious to a person
of ordinary skill in the art at the time of the alleged invention (“POSITA”), taking
into account (1) the scope and content of the prior art, (2) the differences between
the prior art and the claims, (3) the level of ordinary skill in the art, and (4) any
so called “secondary considerations” of non-obviousness, which include: (i)
“long felt need” for the claimed invention, (ii) commercial success attributable to
the claimed invention, (iii) unexpected results of the claimed invention, and (iv)
“copying” of the claimed invention by others. I understand that a patent cannot
be properly granted for subject matter that would have been obvious to a POSITA
at the time of the alleged invention, and that a patent claim directed to such
obvious subject matter is invalid under 35 U.S.C. § 103. It is also my current
understanding that in assessing the obviousness of claimed subject matter one
should evaluate obviousness over the prior art from the perspective of a POSITA
at the time the invention was made (and not from the perspective of either a
layman or a genius in that art).

20.  While I do not know the exact date that the alleged invention claimed
in the 077 Patent was made, I do know that the ’077 Patent was filed on August
8, 2012 and claims priority through a series of continuations to an earliest
provisional application filed on February 19, 2004. MTK-1001, Cover Page. 1

also understand that Patent Owner MOSAID Technologies Inc. (“Patent Owner”



or “MOSAID”) asserts that the 077 Patent claims are entitled to an invention
date at least as early as December 11, 2003. MTK-1021. For purposes of my
analysis here, I have applied a date of December 11, 2003 as the date of the
alleged invention in my obviousness analysis, although in many cases the same
analysis would hold true even if the date of the alleged invention occurred earlier
or later than December 11, 2003, especially given the earlier publication or filing
dates of the cited prior art references.

21.  Thave been informed that a claim can be obvious in light of a single
prior art reference or multiple prior art references. To be obvious in light of a
single prior art reference or multiple prior art references, there must be a reason
that would have prompted a POSITA to modify the single prior art reference, or
combine two or more references, in a manner that provides the elements of the
claimed invention. This reason may come from a teaching, suggestion, or
motivation to combine, or may come from the reference(s) themselves, the
knowledge or “common sense” of a POSITA, or from the nature of the problem
to be solved, and this reason may be explicit or implicit from the prior art as a
whole. I have been informed that, under the law, the combination of familiar
elements according to known methods is likely to be obvious when it does no
more than yield predictable results. I also understand it is improper to rely on
hindsight in making the obviousness determination.

C. Claim Construction



22.  Tunderstand that, for purposes of my analysis in this IPR proceeding,
the terms appearing in the patent claims should be interpreted according to their
“ordinary and customary meaning.” In determining the ordinary and customary
meaning, the words of a claim are first given their plain meaning that those words
would have had to a POSITA. I understand that the structure of the claims, the
specification, and the file history also may be used to better construe a claim
insofar as the plain meaning of the claims cannot be understood. Moreover,
treatises and dictionaries may be used, albeit under limited circumstances, to
determine the meaning attributed by a person of ordinary skill in the art to a claim
term at the time of filing. I have followed this approach in my analysis, and for
all of the claim terms considered in this declaration, I have applied the plain and
ordinary meaning of those terms.

23. T also understand that the words of the claims should be interpreted
as they would have been interpreted by a POSITA at the time the alleged
invention was made (not today). Because I do not know at what date the alleged
invention was made, I have used the date of December 11, 2003 for the reasons
explained in Paragraph 20 above. However, the plain meanings/interpretations
that I employed in my analysis below would have also been correct if the date of

invention was anywhere within the late 1990s to early 2000s.



IV.  PERSON OF ORDINARY SKILL IN THE ART

24.  Based on my knowledge and experience in the field and my review
of the ’077 Patent and its file history, and my first-hand knowledge of
undergraduate electrical engineering curricula at the time of the 077 Patent’s
alleged priority date of December 2003, I believe a person of ordinary skill in the
art (“POSITA”) at the time of the earliest possible priority date of the 077 Patent
would have had at least a bachelor of science degree in electrical engineering,
computer engineering, computer science, or a related field, and at least two years
of experience in the research, design, development, or testing of electronic
circuits or components, or software for controlling electronic circuits or
components, or the equivalent, with additional education substituting for
experience and vice versa. I understand that a person of ordinary skill in the art
is not a specific, real individual, but rather a hypothetical individual having the
qualities reflected by the factors discussed above.

V. MATERIALS CONSIDERED

25. My analyses set forth in this declaration are based on my experience
in the field of high performance circuit design, in particular, power management
of such circuitries. Based on my above-described experience in the field, I
believe that I am considered to be an expert in the field. Also, based on my
experience, | understand and know of the capabilities of persons of ordinary skill
in this field during the late 1990s to early 2000s and specifically during the time

before the earliest possible priority date for the *077 Patent (December 11, 2003).

10



For example, I taught classes as part of the Electrical Engineering curricula,
personally designed and implemented a number of circuitries that required active
power management, and worked closely with many persons of such skill level in
the field during that time frame.

26. As part of my independent analysis for this declaration, I have
considered the following: the background knowledge/technologies that were
commonly known to persons of ordinary skill in this field during the time before
the earlier possible priority date for the 077 Patent; my own knowledge and
experiences gained from my work experience in the field of high performance
circuit design generally; my experience in teaching and advising others in such
subjects; and my experience in working with others involved in the field of high
performance circuit design or similar fields. In addition, I have analyzed the
following publications and materials:

e U.S. Patent No. 8,854,077 to Hoberman, et al. (“the 077 Patent”) (MTK-

1001) and its accompanying Prosecution History (MTK-1002);

e U.S. Patent Publication No. 2003/0025130 to Takahashi, et al.

(“Takahashi”) (MTK-1004);

e U.S. Patent Publication No. 2003/0102904 to Mizuno, et al. (“Mizuno”)

(MTK-1005);

e U.S. Patent No. 7,091,766 to Ko, ef al. (“Ko”’) (MTK-1006);

U.S. Patent No. 5,440,520 to Schutz, et al. (“Schutz””) (MTK-1007);

11



Alan C. Dixon, et al., A Practical Approach to Digital Electronics, 2000
(MTK-1008);

John D. Carpinelli, Computer Systems Organization and Architecture,
2001 (MTK-1009);

U.S. Patent No. 6,141,762 to Nicol, et al. (“Nicol”’) (MTK-1010);

U.S. Patent No. 6,087,813 to Tobita (“Tobita”) (MTK-1011);

U.S. Patent No. 6,809,538 to Borkar (“Borkar”) (MTK-1012);

U.S. Patent No. 6,518,826 to Zhang (“Zhang”) (MTK-1013);

U.S. Patent No. 7,042,274 to Hazucha, et al. (“Hazucha”) (MTK-1014);
Modern Dictionary of Electronics, Seventh Edition, 1999 (MTK-1015);
Dictionary of Science and Technology, 2003 (MTK-1016);

Adel S. Sedra, et al., Microelectronic Circuits, 1998 (“Sedra”) (MTK-
1017);

U.S. Patent No. 6,791,361 to Alon, et al. (“Alon”) (MTK-1018);

Excerpts from MOSAID Technologies Inc.’s Disclosure of Asserted
Claims and Infringement Contentions in Case No. 2:23-CV-00129, Dated
July 6, 2023 (MTK-1021)

The Declaration of June A. Munford (MTK-1024)

Claim Construction Order in Mosaid Technologies Inc. v. Freescale
Semiconductor, Inc., Case No. 6:11-cv-00173 (E.D. Tex. April 29, 2013)

(MTK-1025)
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e Claim Construction Order in Conversant Intellectual Property
Management Inc., et al. v. Xilinx, Inc., Case No. 6:12-cv-00847 (E.D. Tex.
January 9, 2015) (MTK-1026)

27.  Although for the sake of brevity this Declaration refers to selected
portions of the cited references, it should be understood that one of ordinary skill
in the art would have viewed the references cited herein in their entirety, and in
combination with other references cited herein or cited within the references
themselves. The references used in this Declaration, therefore, should be viewed
as being incorporated herein in their entirety.

VI. BACKGROUND INFORMATION
A. Background of the Technology

28.  In order to aid the understanding of the opinions I provide in the
declaration, I now provide a brief background of the technology at issue. In doing
so, I will refer to a popular undergraduate textbook entitled “Microelectronic
Circuits,” Fourth Edition by Adel S. Sedra and Kenneth C. Smith 1998 (“Sedra”)
(MTK-1017). Personally, I have taught an undergraduate course at Washington
University in St. Louis referred to as ESE 232 Introduction to Electronic Circuits
using various editions of Sedra as the main textbook. In what follows, I will quote
various excerpts from the fourth edition of Sedra, which is the latest edition of
Sedra prior to the asserted time of the invention for the *077 Patent (i.e., the 2003
time frame). Other materials are also cited below to provide an appropriate

background of the technology.
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1. Power Consumption in Integrated Circuits

29. At around the asserted time of the invention for the 077 Patent, a
vast majority of the Very Large Scale Integration (VLSI) circuits were based on
the Complementary Metal-Oxide-Semiconductor (CMOS) technology. MTK-
1017, 1-4 (“Since the early 1980s, CMOS (complementary MOS) technology has
almost completely dominated the SLSI scene.”).

30. Appendix A of Sedra illustrates a high-level overview of the VLSI
processes. Id., A-4 to A-13. In particular, at the end of the placing various
components of the VLSI circuits, certain areas of the circuitry can be grouped

together as part of the layout process as shown in the figure below.
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j Fig. A3 A set of photo
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requires a separate plate.

Photoplates (a). (d), (e) and

(F) aredark field masks.
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dear field masks.

(g) Metal |

MTK-1017, FIG. A-13.

31.  Particular portions of the VLSI area are noted as the active region

(FIG. A-13(b) above), where the active components (such as the transistors and
diodes) are placed to implement the functions designed to be performed by the
VLSI circuitry.  As shown in the figure, there are multiple, distinct and separate
active regions in a circuitry. For example, if the circuitry were a central
processing unit (CPU), one active region may correspond to the Arithmetic Logic

Unit (ALU), another active region may be a Static Random Access Memory
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(SRAM), yet another may be an interface module, and so on. While these active
regions together implement the overall required functions of the CPU, by in large,
they operate independently with different levels of requirements such as the clock
speed and power consumption level.

32. In the context of the 077 Patent, “[a] power island is any section,
delineation, partition, or division of an integrated circuit where power
consumption is controlled within the section, delineation, partition, or division.
In some embodiments, the power islands are delineated based on geographic

factors of the integrated circuit. In some embodiments, the power islands are

delineated based on functional IP units of the integrated circuit 200.” MTK-1001,

3:65-4:5.
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MTK-1001, FIG. 2.
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33.  Incomparison, power islands 260, 262, and 264 of FIG. 2 of the *077
Patent may belong to various active regions in FIG. A-13 of Sedra. The *077
Patent states that “[t]he power island managers 220, 222, and 224 are any
circuitry, device, or system configured to provide control signals to a power
island to control power within the power island, the power island managers 220,
222, and 224 can dynamically change the power consumption of the power
islands based on the needs and operation of the integrated circuit 200. The power
island managers 220, 222, 224 may select a clock, change clock frequency, or
modify the voltage within the power island to control the power consumption of
the power island.” MTK-1001, 4:11-20.

34. Many Application Specific Integrated Circuits (ASIC) have
extremely high levels of complexity and performance requirements. For
example, switch fabric chips I personally designed over the past 30+ years
required a very number of input/output pins (in excess of one thousand), a high
power consumption level (tens of watts), and a very high clock frequency
(multiple gigabits per second). In addition, the resulting chip designs required a
large surface dimension (multiple square inches), comprising many distinct active
regions. For these types of chips, it is necessary to manage the power
consumption tightly, optimizing the power consumption levels separately for

each different active region.
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35. The following figure from Sedra shows a high-level construct of the

basic structure of a CMOS logic gate, which is the main building block of the

VLSI circuitry designs.
A Voo
Ao—
B Pull-up network
(PUN)
Glo=== Fig. 13.8 Representation
of a three-input CMOS logic
| Ly sate The PUN comprises
PMOS transistors, and the
L PDN comprises NMOS
A o0—ro . transistors.
B Pull-down network
(PDN)
Co=—= -

[

pa—

MTK-1017, 1059.

36. Sedra states that “[a] CMOS logic circuit is in effect an extension,
or a generalization, of the CMOS inverter: The inverter consists of an NMOS
pull-down transistor, and a PMOS pull-up transistor, operated by the input
voltage in a complementary fashion. The CMOS logic gate consists of two
networks: the pull-down network (PDN) constructed of NMOS transistors, and
the pull-up network (PUN) constructed of PMOS transistors (see Fig. 13.8).”
MTK-1017, 1058.

37.  Sedra further states that “for the three-input gate represented in Fig.
13.8, the PDN will conduct for all input combinations that require a low output
(Y = 0) and will then pull the output node down to ground, causing a zero voltage

to appear at the output, v, = (. Simultaneously, the PUN will be off, and no direct
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dc path will exist between Vpp and ground. On the other hand, all input
combinations that call for a high output (¥ = /) will cause the PUN to conduct,
and the PUN will then pull the output node up to Vpp, establishing an output
voltage v, = Vpp. Simultaneously, the PDN will be cut off, and again, no dc
current path between Vpp and ground will exist in the circuit.” MTK-1017, 1058-
1059. In other words, at both at the low output state, i.e., ¥ = 0 and the high
output state ¥ = /, either the PUN or the PDN is turned off and there is no dc path
between Vpp and ground exists in the circuit. As both the PDN and the PUN must
conduct at the same time for the current to flow, there is no dc current flowing
between Vpp and ground at both at the low output state, i.e., ¥ = 0 and the high
output state ¥ = /.
38.  The following is a figure from Sedra showing the voltage transfer
characteristics of a CMOS inverter.
% A

Vo= Vop

74
7
/§ ) Fig. 13.5 The voltage
// Slope = +1 transfer characteristic (VTC)
of the CMOS inverter when
Slope = —1] Oy and Qp are matched.

Vor=0 -

MTK-1017, 1051.
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39. The PMOS transistor (noted as Qp in the figure above) corresponds
to the PDN in FIG. 13.8 of Sedra and the NMOS transistor (noted as Oy in the
figure above) corresponds to the PDN in FIG. 13.8 of Sedra. vo in the figure
above corresponds to Y in FIG. 13.8 of Sedra. In this way, Vo (output high)
corresponds to ¥ = [ and Vor corresponds to ¥ = 0. As explained above, at ¥ =
I and Y = 0, there 1s no current path through the PUN and the PDN. In order for
the current to pass through the PUN and the PDN, both the PUN and the PDN
must be on at the same time, which happens during the transition period from/to
Y = 1 to/from Y = 0. The transition period corresponds to the portion of the graph
shown in the above figure when v; = Vor and v; = Vor along the horizontal axis
when vo transitions from/to Vou to/from Vo, along the vertical axis. In digital
design, this transition period is referred to as the switching time.

40. Since the CMOS gates only consume power during the transition
period, the power consumed by the CMOS gates are mostly dynamic in nature.
MTK-1017, 1056 (“The negligible static power dissipation of CMOS has been a
significant factor in motivating its replacing NMOS as the technology of choice
in implementing high-density VLSI circuits.”).

41. Sedra explains that “[t]he dynamic power dissipated in the CMOS
inverter is given by Eq. (13.4), which we repeat here as Pp = fCV?pp (13.20)
where f is the frequency at which the gate is switched.” MTK-1017, 1056.
Setting aside the various capacitance, C, associated with the CMOS gate, the

power consumed by a CMOS gate is proportional to the switching frequency f
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and to the square of the supplied voltage Vpp. Since digital circuits including the
CMOS gates are clocked, the switching frequency f is related to the clocking
frequency of the circuit. This is the reason why the management of the power is
performed by changing the clock frequency and/or the supplied power level.

2. Leakage Currents in Integrated Circuits

42.  The *077 Patent states that “[m]ost integrated circuits have a design
goal to reduce the overall power consumption. The total power consumed by an
integrated circuit includes dynamic power consumption and standby leakage
current consumption. The challenge in designing an integrated circuit is to reduce
the dynamic power and leakage power, while maintaining performance and cost
goals for the integrated circuit. In complementary metal oxide semiconductors
(CMOS), various types of leakage occur such as pn junction reverse-bias current,
subthreshold leakage, oxide tunneling current, gate current due to hot-carrier
injection, gate-induced drain leakage, and channel punch through current. When
the threshold voltage for a CMOS transistor is reduced for higher performance,
the leakage power is significant in the total power consumption of the CMOS
circuit.” MTK-1001, 1:33-47. This excerpt from the 077 Patent explains that in
addition to the current necessary for the CMOS circuits to operate during the
transition period, i.e., the dynamic current, there is an additional type of current,
i.e., the leakage currents, which are generated by the non-ideal behavior of the

CMOS circuits such as the “pn junction reverse-bias current, subthreshold

21



leakage, oxide tunneling current, gate current due to hot-carrier injection, gate-
induced drain leakage, and channel punch through current.” Id.

43.  To explain these non-ideal behaviors of the CMOS circuits, I again
refer to Sedra. Sedra states that “[o]ur study of the physical operation of the pn
junction and of the basic concepts of semiconductor physics is intended to
provide a foundation for understanding not only the characteristics of junction
diodes but also those of the bipolar junction transistor, studied in the next chapter,
and field-effect transistors, studied in Chapter 5.” MTK-1017, 123.

44. To explain how the diodes work, Sedra first introduces an ideal
model for the diodes. Sedra states that “[t]he ideal diode may be considered the

most fundamental nonlinear circuit element.” MTK-1017, 123.

-~ — =Reverse bias —st=— Forward bias - — -

Anode Cathode
\ i /
o= =t 0 .
+ 1 -
(a) (b)
i i
- S
oO—20 o SR—— | (————
+ v - + 1
=> o 0= 0
(c) (d)
Fig. 3.1 The ideal diode: (a) diode circuit symbol; (b) i—v chamcteristic: (¢) equivalent

circuit in the reverse direction; (d) equivalent circuit in the forward direction.

MTK-1017, FIG. 3.1.
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45. In describing FIG. 3.1 above, Sedra states that “[t]he terminal
characteristic of the ideal diode can be interpreted as follows: If a negative voltage
[relative to the reference direction indicated in FIG. 3.1 (a)] is applied to the
diode, no current flows and the diode behaves as an open circuit [FIG. 3.1(c)].
Diodes operated in this mode are said to be reverse-biased, or operated in the
reverse direction. An ideal diode has zero current when operated in the reverse
direction and is said to be cut off. On the other hand, if a positive current [relative
to the reference direction indicated in FIG. 3.J(a)] is applied to the ideal diode,
zero voltage drop appears across the diode. In other words, the ideal diode
behaves as a short circuit in the forward direction [FIG. 3.J (d)]; it passes any
current with zero voltage drop. A forward-conducting diode is said to be turned
on, or simply, on.” MTK-1017, 124.

46. The excerpt from Sedra above is saying that the ideal diode has two
distinct states of operation: (1) The cut-off state where there 1s no current flowing
across the diode and (2) the turned-on state where the diode conducts in forward
direction (i.e., from the positive terminal, anode, to the negative terminal,
cathode).

47. Inpractice, however, ideal diodes do not exist. Sedra states that “[i]n
this section we study the characteristics of real diodes — specifically,

semiconductor junction diodes made of silicon.” MTK-1017, 131.
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MTK-1017, FIG. 3.8.
48.  With regard to the figure above, Sedra explains:

As indicated, the characteristic curve consists of three
distinct regions:

1. The forward-bias region, determined by v > 0[,]

2. The reverse-bias region, determined by v < 0[]

3. The breakdown region, determined by v < - VZK.
MTK-1017, 132.

49. In comparison to the characteristics of the ideal diodes shown in
FIG. 3.1 of Sedra, FIG. 3.8 above, which describes the characteristics of the “real
diode,” shows non-zero current flowing in the region v < 0, which was referred

to as the “cut-off” for the ideal diode where no current was flowing. This
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phenomenon is what the 077 described as the “pn junction reverse-bias current,”
a significant type of the leakage current. MTK-1001, 1:40-44.

50. Sedra explains that “[t]he reverse-bias region of operation is entered
when the diode voltage v is made negative” and that “real diodes exhibit reverse
currents that, though quite small, are much larger than IS. For instance, a small-
signal diode whose IS is of the order of 10-14 to 10-15 A could show a reverse
current of the order of 1 nA” (i.e., 10° A, up to a million times larger than IS).
MTK-1017, 136. Sedra further explains that “[a] good part of the reverse current
is due to leakage effects. These leakage currents are proportional to the junction
area, just as IS is. Their dependence on temperature, however, is different from
that of IS.” Id., 136.

51. To be sure, there are types of leakage current such as the
“subthreshold leakage, oxide tunneling current, gate current due to hot-carrier
injection, gate-induced drain leakage, and channel punch through current,” as
described by the 077 Patent. MTK-1001, 1:40-44. These types of leakage
current are all related to the non-ideal characteristics of the semiconductors, e.g.,
transistors and diodes, and correspond to the undesired occurrences of current
flow.

52.  For example, the on/off characteristic of the ideal diode at v = 0
shown in Fig. 3.1 of Sedra above is to be contrasted with the on/off characteristic
of the realistic diode shown in Fig. 3.8. For the realistic diode, the current through

the diode is non-zero between v = 0.5V and v = 0.7V. That is to say that the
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realistic diode conducts a certain amount of current, albeit small, below v = 0.7V,
which is the threshold voltage for the realistic diode to turn on. This phenomenon
is referred to as the subthreshold leakage, by which the CMOS circuits start
consuming power before the PUN and the PDN change their respective logical
states in earnest.

53.  Yet another non-ideal characteristic of CMOS transistors is the
oxide tunneling current described in the 077 Patent. In a CMOS transistor, the
gate terminal is isolated from the substrate through oxide. Through repeated
operation of the transistor (e.g., turning on and off numerous times in a typical
lifetime of the transistor), the oxide that isolates the gate from the transistor
substrate can erode and some small amount of current will flow through the oxide.
This oxide tunneling current is another example of power consumption by the
CMOS transistor due to leakage current.

3. Integrated Circuit Power Islands

54.  As described above, the 077 Patent states “[a] power island is any
section, delineation, partition, or division of an integrated circuit where power
consumption is controlled within the section, delineation, partition, or division.
In some embodiments, the power islands are delineated based on geographic
factors of the integrated circuit. In some embodiments, the power islands are
delineated based on functional IP units of the integrated circuit 200.” MTK-1001,

3:65-4:5.
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55.  As I have also explained, during the VLSI design process, certain
areas of the circuitry can be grouped together as part of the layout process as

shown in Fig. A.13 of Sedra.

(a) n-well (b) Active region () Poly |
(d) n+ diffusion (e) p+ diffusion (f) Contact hole

Fig. AB A set of photo

- [e——
f masks for the n-well CMOS
- inverter. Note that each layer
requires a separate plate.
Photoplates (a). (d), (e) and

(F) aredark field masks.
whereas (b), (c), and (@) are
dear field masks.

(g) Metal |

MTK-1017, FIG. A.13.
56. The figure above from Sedra shows separate active regions in a
circuit, which may correspond, for example, to the “Memory (Power Island 0)
262,” “Third Party IP (Power Island 1) 264,” and “Logic (Power Island 2) 260,”

in Figure 2 of the 077 Patent shown below. While these active regions together
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implement the overall required functions of the integrated circuit chip, by in large,
they operate independently with different levels of requirements, such as different

clock speeds and power consumption levels.
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MTK-1001, FIG. 2 (annotated).

57.  As explained in the ’077 Patent, “[t]he power island managers 220,
222, and 224 are any circuitry, device, or system configured to provide control
signals to a power island to control power within the power island, the power
island managers 220, 222, and 224 can dynamically change the power
consumption of the power islands based on the needs and operation of the
integrated circuit 200. The power island managers 220, 222, 224 may select a
clock, change clock frequency, or modify the voltage within the power island to

control the power consumption of the power island.” MTK-1001, 4:11-20.
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4. Sleep Transistors and Standby Modes

58.  The 077 Patent describes the operation of CMOS circuits as having
a dynamic mode and a standby mode. MTK-1001, 1:33-39 (“Most integrated
circuits have a design goal to reduce the overall power consumption. The total
power consumed by an integrated circuit includes dynamic power consumption
and standby leakage current consumption. The challenge in designing an
integrated circuit is to reduce the dynamic power and leakage power, while
maintaining performance and cost goals for the integrated circuit.”) (emphasis
added).

59. As explained above, most of the power consumed by the CMOS
circuits is attributed to the dynamic mode, i.e., while the circuits change state
from logic high to logic low or vice versa and consume what the 077 Patent
refers to as “dynamic power consumption.” Id. As I have also explained, even
when the circuits are not changing their states dynamically, the circuits still
consume certain amounts of power, which the 077 Patent refers to as “standby
leakage current consumption.” /d.

60. The *077 Patent states that “[a]nother technique for reducing leakage
is a sleep transistor. FIG. 1 depicts prior art circuitry including a sleep transistor.
For NMOS sleep transistors, one or more NMOS transistors are added to logic
gates in series with the cell transistors to VSS. The NMOS sleep transistors act

as a switch to turn on and off the logic gate.” MTK-1001, 2:9-14.
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61. The following Figure 1 of the 077 Patent depicts a sleep transistor,
with certain annotations added for illustration. As the 077 Patent acknowledges,
sleep transistors such as these were well known in the art before the 077 Patent

as a means of placing circuits into a standby or active modes.

current

i
1
| PUN
I
1

PDN

SLEEP

! Sleep

I Transistor

MTK-1001, FIG. 1 (annotated).
62. In the figure above, the transistor shown at the top of the stack
corresponds to the pull up network (PUN) and the transistor shown in the middle
of the stack is the pull down network (PDN). The transistor shown at the bottom

of the stack is the sleep transistor. As explained above, without the sleep
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transistor in the stack, there is certain amount of the “standby leakage current
consumption” when the PUN and the PUN are in the standby mode, i.e., not
switching their respective states from “high to low” or “low to high.” If the sleep
transistor is added, however, it is possible to control the flow of current from top
to bottom shown as shown in the annotated figure above, by switching off the
path of the current by turning off the sleep transistor.

63. While sleep transistors add to the complexity of the circuit, when
there are millions or billions of CMOS logic gates in the circuit, even a small
amount of “standby leakage current consumption” by each gate can result in a
large amount of total leakage current. The total leakage current can become a
significant issue when controlling the power consumption is critical, for example,
in mobile devices.

B. Overview of the 077 Patent

64. The 077 Patent is titled “Low Leakage and Data Retention
Circuitry” and relates generally to reducing power consumption in integrated
circuits. MTK-1001, Title, Abstract, 1:29-39.

65. As the ’077 Patent explains, an integrated circuit’s total power
consumption includes the power consumed while the integrated circuit is
operating—referred to by the 077 Patent as “dynamic power consumption”—
and the power consumed while the integrated circuit is not operating—referred
to by the 077 Patent as “standby leakage current consumption.” MTK-1001,

1:34-36. As its name implies, the power consumed while the integrated circuit is
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not operating is due to leakage current, which is the current flowing through the
integrated circuit even while it is a standby state and not performing its designed
function. MTK-1001, 1:40-47.

66. The 077 Patent acknowledges, and I agree, that methods of reducing
leakage current were well-known prior to the 077 Patent. MTK-1001, 1:48-2:20;
see Section VILA. For example, the use of so-called sleep transistors placed in
series between a circuit and its supply voltage (e.g., sleep transistor 130 between
Vb and Vss as depicted in FIG. 1) can act as a switch to control whether the
circuit is in an operational or standby state. MTK-1001, 2:9-20. When the sleep
transistor is turned on, the circuit is connected to its supply voltage and is placed
into an operational state. On the other hand, when the sleep transistor is turned
off, the circuit is disconnected from its source voltage and enters a low-power

standby (i.e., sleep) mode.
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67. Another common solution for controlling power consumption in
integrated circuits is to divide the integrated circuit into distinct power regions—
often referred to as power islands—whose power consumptions can be controlled
independently. MTK-1001, 3:49-55, 3:65-4:10 (“A power island is any section,
delineation, partition, or division of an integrated circuit where power
consumption is controlled within the section, delineation, partition, or division.”).
As the 077 Patent explains, an integrated circuit can have multiple power islands,
and sleep transistors can be used to control the power consumed by those

individual power islands. See MTK-1001, FIG. 2.
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68.  The *077 Patent discloses such a technique with respect to Figure 2.

MTK-1001, 3:49-4:27.
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MTK-1001, FIG. 2 (annotated).

69. Specifically, in the integrated circuit embodiment of Figure 2, the
power islands 260, 262, 264 (in red) have associated low leakage circuitry such
as sleep transistors. MTK-1001, 3:49-55, 3:65-4:10. As also shown in Figure 2,
“the power islands are delineated based on geographic factors of the integrated
circuit” or “based on functional IP units of the integrated circuit 200,” such as
“memory 262, logic 260, and third party IP 264.” Id., 3:65-4:10.

70.  Each of the power islands is connected to a power island manager
220, 222, 224 (in green) that provides control signals to the power island to

control its power consumption. MTK-1001, 3:49-55, 4:11-20. The *077 Patent
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explains that “[t]he power island managers ... are any circuitry, device, or system
configured to provide control signals to a power island to control power within
the power island.” Id., 4:11-20. For example, a power island manager “may
select a clock, change clock frequency, or modify the voltage within the power
island to control the power consumption of the power island.” Id.

71.  The *077 Patent’s technique also uses an adaptive leakage controller
(in blue) that provides control signals to the power island managers. MTK-1001,
4:21-39. The ’077 Patent explains that the adaptive leakage controller provides
control signals so that the power island managers “provide the optimum voltage
to be applied to sleep transistors in the power islands.” Id. For example, in an
“exemplary embodiment,” the control signals can “compensate for process and
temperature variation.” Id.; see also id., 3:65-4:10. In this way, the voltages
applied to the power islands are optimized to reduce leakage currents while the
power islands are in standby (i.e., sleep) mode. By reducing power consumption
during standby, overall power consumption of the integrated circuit can be
reduced. MTK-1001, 4:21-5:7.

72.  Generally, the claims of the 077 Patent are directed to the use of
power islands in conjunction with an adaptive leakage controller, power island
manager, and low leakage sleep circuits. As demonstrated below, the disclosed
technique, including each of these elements, were known in the prior art, such
that all of the claims of the 077 Patent are rendered obvious. While the 077

Patent also discloses embodiments relating to data retention in integrated circuits
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during standby mode, neither data retention nor data retention circuitry is recited
by the claims. Therefore, I do not provide an overview of those portions of the
’077 Patent here. See, e.g., MTK-1001, FIGS. 3 (depicting a “data retention state
machine 3307), 5, 6, 7A-7C, 8A-8B, 9-12 (collectively referred to as describing
the unclaimed “Low Leakage Data Retention Circuitry”).

C. Prosecution History of the 077 Patent

73.  U.S. Patent Application No. 13/569,613 (“the 613 Application”™),
which ultimately resulted in the 077 Patent, was filed on August 8, 2012. MTK-
1001, Cover. The ’613 Application claimed priority through a series of
continuations to U.S. Provisional Patent Application No. 60/546,574 with a
priority date of February 19, 2004. MTK-1002, 98-100. After filing the 613
Application, the Applicant filed a Preliminary Amendment on October 16, 2012
that cancelled originally-filed claims 1-63 and added new claims 64-81. Id., 84-
88. The Patent Office subsequently allowed the 077 Patent claims on January
24, 2014 without issuing a rejection. Id., 157-164 (Notice of Allowance), see
also id., 263-267 (June 6, 2014 Second Notice of Allowance). The *077 Patent
1ssued on October 7, 2014. MTK-1001, Cover.

D. Interpretation of the ’077 Patent Claims

74.  Tunderstand that, for purposes of my analysis in this IPR proceeding,
the terms appearing in the patent claims should be interpreted according to what
is referred to as the “Phillips” standard. Phillips v. AWH Corp., 415 F.3d 1303

(Fed. Cir. 2005); 37 C.F.R. § 42.100. I further understand that the words of the
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claims should be given their plain meaning unless that meaning is inconsistent
with the patent specification or the patent’s history of examination before the
Patent Office. I also understand that the words of the claims should be interpreted
as they would have been interpreted by a POSITA at the time of the invention
(not today). Without further information on what date the invention as claimed
was made, I have used the earliest possible priority date of the 077 Patent as the
point in time for claim interpretation purposes. Patent Owner asserts that date
was December 11, 2003. However, my interpretation of the words of the claims
would be the same if the earliest possible priority date of the 077 Patent was
anywhere within the late 1990s to early 2000s.

VII. OVERVIEW OF CONCLUSIONS FORMED

75. 1 have reviewed the Petition for IPR of the 077 Patent, and agree
with the analysis contained therein. In summary, it is my opinion that each and
every limitation of each and every challenged claim, whether taken alone or in
combination, would have been at least obvious to one of ordinary skill in the art
at the time of the alleged invention in view of the prior art cited in the Petition
and further explained in this declaration. To summarize my conclusions:

e Based upon my knowledge and experience and my review of the prior art
listed at Section V above, I believe that claims 1-18 of the *077 Patent are

rendered obvious by Takahashi.
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¢ Based upon my knowledge and experience and my review of the prior art
listed at Section V above, I believe that claims 3 and 12 of the *077 Patent
are rendered obvious by Takahashi in view of Ko.

¢ Based upon my knowledge and experience and my review of the prior art
listed at Section V above, I believe that claims 5 and 14 of the 077 Patent
are rendered obvious by Takahashi in view of Schutz.

e Based upon my knowledge and experience and my review of the prior art
listed at Section V above, I believe that claims 1-18 of the ’077 Patent are
rendered obvious by Mizuno.

¢ Based upon my knowledge and experience and my review of the prior art
listed at Section V above, I believe that claims 3 and 12 of the *077 Patent
are rendered obvious by Mizuno in view of Ko.

VIII. ANALYSIS OF THE PRIOR ART
A.  Analysis of Takahashi with Respect to Claims 1-18

76.  For the reasons articulated in detail below, and based on my review
of the 077 Patent and the Takahashi reference, it is my opinion that a POSITA
would have readily understood that Takahashi renders obvious all elements of
claims 1-18 of the 077 Patent.

1. Overview of Takahashi

77. Takahashi is titled “Suppressing the Leakage Current in an
Integrated Circuit.” MTK-1004, Title. Takahashi explains that the Field of the

Invention is “a semiconductor integrated circuit, for example, a semiconductor
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integrated circuit by which power consumption can be reduced by suppressing
leakage current.” Id., [0001]. Takahashi acknowledges that power consumption
in integrated circuits, including that due to leakage currents during standby, was
a common problem in the art at the time.

In recent years, as semiconductor integrated circuit
technology has progressed, mobile communication
terminals, compact solid-state audio players, and
portable semiconductor devices, such as laptop
personal computers, have become pervasive. Since a
necessary power is supplied to these semiconductor
devices, it is absolutely essential to reduce the power
consumption in order to allow them to operate for a
long time.

In the case of a semiconductor integrated circuit,
voltage reduction is one effective method for achieving
low power consumption. Thus, semiconductor
integrated circuits having a source voltage of 1.0 V or
lower have been prototyped and have already been
brought to the commercial stage. When the source
voltage drops and becomes close to threshold voltage
Vth of a MOS transistor, a drop in its operating speed
becomes a problem. In order to maintain the operating
speed of a semiconductor integrated circuit with a low
source voltage, a transistor with a threshold voltage
lower than that of a normal transistor is needed.
However, along with a decrease in the threshold
voltage of the transistor is an increase in leakage
current results. Thus, while in a standby status, that is,
when not operating, the increase in power consumption
due to leakage current reaches a level which cannot be
ignored, so that reduction of power consumption, the
primary objective of reducing the voltage, can no
longer be realized.

MTK-1004, [0002]-[0003].
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78.  Thus, Takahashi’s “invention was created in light of such a situation,
and its objective is to present a semiconductor integrated circuit by which the
leakage current during standby can be suppressed while maintaining the
reliability of the gate oxide film, the circuit area can be minimized, and defects
can be detected reliably.” Id., [0016].

79. Takahashi describes “a first embodiment of a semiconductor
integrated circuit” for reducing leakage current during standby with reference to
Figures 1-5. MTK-1004, [0047]-[0053]. As shown in Figure 1, the “device 200”
includes a “logic circuit 10 having a CMOS structure, switching circuit 20 for
supplying an operating current to logic circuit 10, voltage regulator 40 capable of
supplying variable and multiple voltages, and control circuit 30 for controlling

voltage regulator 40.” MTK-1004, [0048].
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MTK-1004, FIG. 1.
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80. Takahashi explains that its “switching circuit 20” acts as a sleep
transistor to place the “logic circuit 10” into an operational state or a standby
state.

Switching circuit 20 supplies an operating current to
logic circuit 10 during operation and suppresses the
leakage current of the low threshold voltage transistor
of logic circuit 10 during standby. As shown in FIG. 4,
in switching circuit 20, the source of transistor MPO is
connected to source voltage Vaa supply line, and its
drain is connected to node N1. In other words, node N1
Is a virtual source voltage supply terminal of logic
circuit 10. When transistor MPO is conductive (on),
source voltage Vq is applied to node N1, and a driving
current is supplied to logic circuit 10. On the other
hand, when transistor MPO is off (off), supply of
current to logic circuit 10 is cut off. Thus, generation of
a leakage current at logic circuit 10 1s suppressed.

MTK-1004, [0052].

81. Takahashi further explains the control signals provided to the
“switching circuit 20 to reduce leakage current in the “logic circuit 10.” Id.,
[0053]-[0054]. As explained below, by adjusting the levels of the control signals
provided to the “switching circuit 20,” the transistor MPO can be placed into a
low impedance state during operation of the “logic circuit 10” and into a “super
cut-off status” during standby to reduce leakage current in the “logic circuit 10.”

Control signal S of different levels is applied to the
gate of transistor MPO during operation and during
standby, respectively. Transistor MPO is turned on or
off according to the level of said control signal Sc.
Furthermore, different levels are applied during
operation and during standby, respectively, for the

source voltage at the source of transistor MPO. In the
prior art, the source voltage is kept at the same value
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during operation and during standby. However, in the
case of the semiconductor integrated circuit of the
present embodiment, source voltages Vaa and Vags are
switched depending on the condition of logic circuit 10.
For example, during operation, source voltage Va is set
to nominal operating voltage Vi of the transistor.
During standby, the source voltage is set to value
VddL, for example, Vaar=Vaan—0.3 V, slightly lower
than Van. As a result, the gate-source voltage of
switching transistor MP0 acquires the opposite sign to
that of the voltage during normal use in order to realize
a super cut-off status.

MTK-1004, [0053].

82.
“fusing circuit 202" to the “device 200" as shown below. MTK-1004, [0045],
[0097]-[0117].
“voltage regulator 100” such that the levels of the control signals generated by

the “voltage regulator 100” are dependent upon both the “control data and status

A related embodiment shown in Figures 11-17 of Takahashi adds a

control signal Sc from device 200.” Id., [0098].
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MTK-1004, FIG. 11.
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As shown in the figure, the semiconductor integrated
circuit of the present embodiment is configured with
voltage regulator 100 and device 200. Device 200 is
provided with fusing circuit 202. Multiple-bit control
data DAT are output by said fusing circuit 202. Upon
receiving control data DAT from fusing circuit 202,
voltage regulator 100 controls the level of voltage to be
supplied to device 200 according to said control data
and status control signal SC from device 200. In the
case of the example in FIG. 11, multiple different levels
of voltages Vuadi, Vaae, and Vg are supplied from
voltage regulator 100 to device 200.

MTK-1004, [0098].
83. Takahashi explains that the control data DAT is “based on the
process requirements of device 200 during operation (Active mode) and during

standby (Sleep mode).” Id., [0110]. “Because voltage regulator 100 generates
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source voltages Vi, Vadz, and Vqas using optimum values under the respective
preset conditions according to control data DAT and control signal Sc indicating
the operating status of device 200, and outputs them into device 200, optimum
source voltages in accordance with the process requirements of the circuit
elements constituting the device can be supplied, and the effect of variations in
the production process can be reduced.” Id., [0117]; see also id., [0123]. The
components and operation of the “device 200” in the embodiment of Figures 11-
17 otherwise remain largely the same as in the embodiment of Figures 1-5.

84. In addition, Takahashi discloses a related embodiment with respect
to Figure 10 that employs its invention for a “circuit capable of performing ladq
measurement.” Id., [0087]. “As shown in the figure, said measuring circuit is
configured with local circuits, such as a scan-pass circuit comprising multiple
flip-flops (FF), memories, a logic circuit, and a peripheral circuit, and a switching

circuit for supplying a driving current to each respective local circuit.” Id.
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MTK-1004, FIG. 10.

85. Like its other embodiments, Takahashi’s Figure 10 includes a
“switching circuit ... configured with pMOS transistors 310, 320, ..., and 380.”
Id., [0090]. The pMOS transistors “are turned on/off ... in order to supply a
driving current to a prescribed functional circuit when in the on status” and turn
off the driving current when in the off status so that “occurrence of a leakage
current in the functional circuit can be suppressed.” Id. Using this mechanism,
the circuit can measure the power consumption of a given power island both
during operation and when in standby.

For example, when the test pattern is designed

appropriately, data [logic] 0 is stored into flipflop 130,
and data [logic] 1 is stored into all the other flip-flops.
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Under said condition, transistor 330 is on, and the other
transistors are all off. Thus, driving current is supplied
to logic circuit 230, and logic circuit 230 becomes
operational. On the other hand, because no driving
current is supplied to any functional circuits other than
logic circuit 230, these functional circuits are all in the
standby status. Furthermore, in a functional circuit in
the standby status, because the transistor constituting
the switching circuit is turned off to cut off the leakage
current path, occurrence of a leakage current can be
suppressed.

At this time, the current supplied from source voltage
Vada supply terminal Taq is supplied to logic circuit 230
which is in the operating status. Thus, power
consumption of logic circuit 230 during the operation
can be measured by measuring the current input from
terminal Tqq.

As described above, in a semiconductor integrated
circuit comprising multiple functional circuits, power
consumption of the respective functional circuits
during the operation can be measured using the
measuring circuit of the present example by designing
a test pattern to be input into the scan-pass circuit
appropriately. In addition, power consumption due to
leakage current at each functional circuit during
standby can also be measured based on the same
principle.

MTK-1004, [0092]-[0094].
2. Claim 1
(a) Element 1[p]
86. The preamble of claim 1 recites “A method carried out in an
integrated circuit that includes an adaptive leakage controller, a power manager

2

and a plurality of power islands, the method comprising.” Takahashi discloses

and renders obvious the preamble of claim 1.
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87.  Takahashi pertains to methods carried out in an integrated circuit.
MTK-1004, Abstract, [0001]. For example, the embodiments disclosed in
Figures 1-5 and 11-17 of Takahashi are each described as a ‘“semiconductor
integrated circuit.” Id., [0047] (“FIG. 1 is a circuit diagram showing a first
embodiment of a semiconductor integrated circuit pertaining to the present
invention.”), [0097] (“FIG. 11 is a diagram showing a fourth embodiment of a
semiconductor integrated circuit pertaining to the present invention.”).

88.  Takahashi’s integrated circuits include a “logic circuit 10 having a
CMOS structure” that “is a functional circuit for performing a logic operation.”
MTK-1004, [0045], [0048], [0078]. Takahashi provides specific examples of the
types of functional circuits included in the “logic circuit 10.”

As shown in FIG. 4, logic circuit 10 is a CMOS inverter
configured with pMOS transistor MP1 and NMOS
transistor MN1. Furthermore, logic circuit 10 is not
limited to said [configuration], and it may consist of
other kinds of logic circuits, such as an AND circuit, a
NAND circuit, or an OR circuit. Furthermore, the
pMOS transistor and the nMOS transistor constituting
logic circuit 10 are so-called low threshold voltage
MOS transistors having a threshold voltage, or an

absolute value of threshold voltage, lower than that of
a normal transistor.

MTK-1004, [0050].

89. In my opinion, a POSITA would have understood and found it

obvious that Takahashi’s “logic circuit 10” is a power island.
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MTK-1004, FIG. 1 (annotated).
The 077 Patent describes a power island as any “section, delineation, partition,
or division of an integrated circuit where power consumption is controlled within
the section, delineation, partition, or division.” Id., 3:65-4:1. Takahashi’s “logic
circuit 10” is a portion of the integrated circuit device where the power
consumption is controlled within the portion of the integrated circuit.
Specifically, power consumption within the “logic circuit 10” is controlled by the
“[s]witching circuit 20 [that] supplies an operating current to logic circuit 10
during operation and suppresses the leakage current of the low threshold voltage
transistor of logic circuit 10 during standby.” Id., [0052]. That is, when the
“switching circuit 20” is on, the “logic circuit 10” receives a voltage Vad to place
the “logic circuit 10 into operational mode, and when off, the “logic circuit 10”

receives a lower voltage that places the “logic circuit 10” into a low-power

standby state. /d.
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90. Similarly, the “device 200” of Figures 11-17 includes the “logic
circuit 10” and further includes “another control circuit 70” for “Wake up logic.”

MTK-1004, [0110]-[0116], FIGS. 14-17.
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MTK-1004, FIG. 16 (annotated).

91. In my opinion, a POSITA would have understood that the “control
circuit 70” for “Wake up logic” is another power island because power
consumption is controlled within the block 70. Specifically, “source voltage
Vaa3” varies between 1.2V and 0.7V based on whether the “Wake up logic” is in
an operational or standby state. Id.; see also MTK-1001, 3:65-4:1. Power

consumption by the “Wake up logic” power island is reduced when in the standby
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state. Thus, Takahashi’s integrated circuit “device 200” comprises a plurality of
power islands, including at least the “logic circuit 10” and “control circuit 70.”

92.  Further, it is my opinion that a POSITA would have found it obvious
for Takahashi’s integrated circuit to include multiple power islands. The
embodiments of Figures 1-5 and 11-17 that I discuss above disclose controlling
the power consumption of individual circuit blocks, such as “logic circuit 10” and
“control circuit 70 that are each a power island. Based on Takahashi’s
disclosure, a POSITA also would have found it obvious for these integrated
circuits to include additional power islands.

93.  Takahashi’s integrated circuit of Figure 10 provides such an
example. Figure 10 depicts a related embodiment for a “circuit capable of
performing l4q measurement,” i.e., for measuring current through the various
power islands in the circuit. MTK-1004, [0087]-[0095]. As shown below, the
circuit of Figure 10 includes multiple power islands, including a “logic circuit
230,” “[m]emories 210, 220, 270, and 280, ... microprocessor core 240, DSP core

250, and peripheral circuit 260.” Id., [0089].
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MTK-1004, FIG. 10 (annotated).

94. Takahashi explains that power consumption within the power
islands of Figure 10 uses the same mechanism as in the embodiments shown in
Figures 1-5 and 11-17. Specifically, just as the power consumption within the
integrated circuits of Figures 1-5 and 11-17 is controlled by the “switching circuit
20 ... with pMOS transistor MP0,” the power consumption within each of the
functional circuits 210-280 in Figure 10 is controlled by the “switching circuit ...
with pMOS transistors 310, 320, ..., and 380.” Id., [0090].

The switching circuit is configured with pMOS
transistors 310, 320, . . ., and 380. These transistors are
turned on/off according to the data held in respective
flip-flops 110, 120, . . ., and 180 in order to supply a

driving current to a prescribed functional circuit when
in the on status. Because the current supply path to said
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functional circuit is cut off when in the on status,
occurrence of a leakage current in the functional circuit
can be suppressed.

MTK-1004, [0090].

95. In my opinion, a POSITA would have found it obvious to
incorporate additional power islands like those shown in Figure 10 into the
embodiments of Figures 1-5 and 11-17. Indeed, the embodiment of Figures 11-
17 expressly contemplates having “another control circuit 70” that may be, for
example, “Wake up logic.” Including additional power islands in the integrated
circuit would provide additional functionality in the integrated circuit device
(e.g., memory or digital signal processing (DSP)). A POSITA would have
understood and been motivated to control power consumption within these
additional power islands using the mechanism shown in the embodiments of
Figures 1-5, 10, and 11-17 to reduce the overall power consumption of the device,
and would have understood how to do so using the “voltage regulator 10” and
additional “switching circuits” as shown in these embodiments.

96. In my opinion, Takahashi also discloses and renders obvious the
claimed “power manager.” Specifically, Takahashi’s integrated circuits include
a “voltage regulator” that “controls the level of voltage to be supplied to device
200.” MTK-1004,[0098]. A POSITA would have understood and found obvious
that Takahashi’s “voltage regulator” is a “power manager” because it controls
power within the power islands, e.g., the “logic circuit 10” and “control circuit

70.” See MTK-1001, 4:11-14.
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MTK-1004, FIG. 16 (annotated).
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97.  For example, Takahashi explains that the “voltage regulator 40” in
the embodiment of Figures 1-5 provides different voltage levels in order to
control power within the “logic circuit 10.” Specifically, during operation of the
“logic circuit 10,” the “voltage regulator 40” provides signals Va4, Vads to provide
power to the “logic circuit 10.” MTK-1004, [0053]. On the other hand, when the
“logic circuit 10” is in standby, “voltage regulator 40” lowers the voltage to
achieve a “super cut-off status” in the “switching circuit 20” that achieves lower
leakage current and reduced power consumption.

Furthermore, different levels are applied during
operation and during standby, respectively, for the
source voltage at the source of transistor MPO. In the
prior art, the source voltage is kept at the same value
during operation and during standby. However, in the
case of the semiconductor integrated circuit of the
present embodiment, source voltages Vaa and Vags are
switched depending on the condition of logic circuit 10.
For example, during operation, source voltage V4 is set
to nominal operating voltage Vi of the transistor.
During standby, the source voltage is set to value Vqar,
for example, Vaar=Vaan—0.3V, slightly lower than Vaan.
As a result, the gate-source voltage of switching
transistor MPO acquires the opposite sign to that of the
voltage during normal use in order to realize a super
cut-off status.

MTK-1004, [0053].

(3

98. Similarly, in the embodiment of Figures 11-17, the “voltage
regulator 100” provides different voltage signals to control the power within the

“logic circuit 10” and “control circuit 70” during “Active” and “Sleep” modes.

Id., [0110]-[0117], FIGS. 14-17. During “Active mode,” the “voltage regulator
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100 provides voltage signals (Vadi, Vda2, Vaaz) to power up the “logic circuit 10”
and “control circuit 70.” Id. On the other hand, during “Sleep mode,” the
“voltage regulator 100” lowers the voltage signals to put the “logic circuit 10”

and “control circuit 70” to sleep. Id.

BitBitBit| Vddi Vdd2 Vdds Process

Active | 2 1 0| SWTr | SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0| 0 0 0 1.2V 1.2V | 1.20V | Weak
Fuse prog-1| 0 0 1 | LISV | LISV | L.15V |[NTPWNWPT
Fuse prog-2| 0 1 0| 1.05V | 1.05V | 1.05V |[TYPC,NSPW,NWPS
Fusc prog-3| 0 1 1| 0.95V | 0.95V | 0.95V |NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.85V | 0.85V | 0.85V |Strong
FIG. 14
BitBitBii | Vddi Vdd2 Vdds Process
Sleep 21 0| SWTr | SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0| 0 0 0 | 0.7V 1.0V 0.7V | Neak
Fuse prog-1 0 0 1 | 0.7V 1.0V 0.7V |NTPW,NWPT
Fuse prog-2| 0 1 0 | 0.7V 1.0V 0.7V |TYPC,NSPW,NWPS
Fuse prog-3|( 0 1 I | 0.7V 1.0V 0.7V | NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.7V 1.0V 0.7V |Strong

FIG. 15

MTK-1004, FIGS. 14-15 (annotated).

99.  Therefore, in my opinion a POSITA would have understood and
found obvious that Takahashi’s “voltage regulator” is a power manager. While
the 077 Patent does not describe a “power manager” in its written description,
the 077 Patent does briefly describe a “power island manager.”

The power island managers 220, 222, and 224 are any
circuitry, device, or system configured to provide
control signals to a power island to control power

within the power island. The power island managers
220, 222, and 224 can dynamically change the power
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consumption of the power islands based on the needs
and operation of the integrated circuit 200. The power
island managers 220, 222, 224 may select a clock,
change clock frequency, or modify the voltage within
the power island to control the power consumption of
the power island.

MTK-1001, 4:11-20; see also id., 3:49-55.

100. Like the ’077 Patent’s “power island manager” that “control[s]
power within the power island,” Takahashi’s “voltage regulator” controls power
within the “logic circuit 10” and “control circuit 70.” See id. The *077 Patent
states that the “power island managers ... may select a clock, change clock
frequency, or modify the voltage within the power island to control the power
consumption of the power island.” Id. As explained above, Takahashi’s “voltage
regulator” likewise modifies the voltage within the power island (e.g., “logic
circuit 10”) to control the power consumption of the power island during active
and standby states. MTK-1004, [0052]-[0053].

101. In my opinion, Takahashi also discloses and renders obvious that its
integrated circuit includes an “adaptive leakage controller” as required by Claim
1 of the 077 Patent. Specifically, Takahashi’s integrated circuit includes a

“control circuit 30” that controls the “voltage regulator.” MTK-1004, [0048].
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MTK-1004, FIG. 16 (annotated).
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102. Takahashi explains that the adaptive leakage controller “control
circuit 30 ... generates control signal Sc as the operating status of device 200
changes and outputs it into voltage regulator 100 (“voltage regulator 40” in
Figures 1-5) such that “voltage regulator 100 generates source voltages Vadi, Vadz,
and V443 using optimum values under the respective preset conditions according
to control data DAT and control signal Sc indicating the operating status of device
200, and outputs them into device 200.” MTK-1004, [0116]-[0117]. The “control
circuit 30 also generates a “[c]ontrol signal S of different levels [that] is applied
to the gate of transistor MPO during operation and during standby” such that
“[t]ransistor MPO is turned on or off according to the level of said control signal
Sc.” 1d., [0053].

103. Thus, the “control circuit 30” controls the amount of leakage in the
“device 200.” Specifically, based on the control signals Sc and Sg, “the switching
circuit can be turned on during operation to supply driving current to the logic
circuit, and the switching circuit can be turned off to suppress the occurrence of
leakage current in low threshold voltage transistors in the logic circuit” during
standby. Id., [0117]-[0118]. Takahashi further explains that the “switching
transistor MP0O” of the “switching circuit 20 is placed into a “super cut-off
status” during standby to further reduce the leakage current. Id., [0053], [0118];
see also id., [0010], [0058], [0062], [0073], [0085], [0116]. To do so, during
standby the “source voltage is set to value Var, for example, Viar=Vaan-0.3V”

such that the ‘“gate-source voltage of switching transistor MPO acquires the
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opposite sign to that of the voltage during normal use.” Id., [0053]. The “drain
current Ip can be further suppressed in addition to the super cut-off effect by
controlling bulk bias voltage Vs to be high.” Id., [0058]; see also id., [0118].

104. Thus, in my opinion a POSITA would have understood and found
obvious that Takahashi’s “control circuit 30” is an adaptive leakage controller
that provides control signals for optimizing the voltages applied to the “switching
circuit 20” and power islands of the “device 200.” MTK-1001, 4:21-23. By
optimizing the voltages applied to the “switching circuit 20” and power islands
of the “device 200 based on the operation state of the “device 200,” the “control
circuit 30” adaptively controls leakage within the “device 200” to reduce power
consumption.

105. Though not recited by the claims, the 077 Patent explains with
respect to its Figure 2 that the “adaptive leakage controller (ALC) 270 ... provides
control signals to compensate for process and temperature variation to provide
the optimum voltage to be applied to sleep transistors in the power islands.”
MTK-1001, 4:21-27; see also id., 4:28-39.

106. To the extent such functionality is required of the claimed “adaptive
leakage controller,” Takahashi renders obvious this element to a POSITA.
Takahashi’s embodiment of Figures 11-17 includes a “fusing circuit 202” that
provides “control data DAT” indicating the “effect of variations in the production
process” on the “driving capability” of the transistors in “device 200.” See MTK-

1004, [0098], [0104], [0110]-[0111], [0117]. “Because voltage regulator 100
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generates source voltages Vaai, Vaaz, and Vags using optimum values under the
respective preset conditions according to control data DAT and control signal Sc
indicating the operating status of device 200, and outputs them into device 200,
optimum source voltages in accordance with the process requirements of the
circuit elements constituting the device can be supplied, and the effect of
variations in the production process can be reduced.” /d., [0117]. In my opinion,
a POSITA would have found it obvious for the “control circuit 30” to provide the
“control data DAT” to the “voltage regulator 100” (e.g., by integrating the “fusing
circuit 202” into the “control circuit 30”). By doing so, the control signals from
the “control circuit 30” would also optimize the variable voltages output by the
“voltage regulator 100” based on process variation.

107. Further, it is my opinion that it would have been obvious for the
control signals from “control circuit 30” to also account for temperature variation.
It was well-known at the time of the 077 Patent that transistor performance is
dependent both on process variation and temperature variation. See, e.g., MTK-
1010, 1:37-2:14 (“Thus, it is known that varying supply voltage to a chip can
improve performance by eliminating unexpected variability in the supply voltage,
and by accounting for process and operating temperature variations.”); MTK-
1011, 12:18-21 (“the temperature dependency and any variation caused in
manufacturing can be cancelled”); MTK-1012, 2:34-43, FIG. 2 (“leakage power
in an integrated circuit increases exponentially as a function of temperature”);

MTK-1013, 1:19-30 (““a sub threshold leakage of a metal-oxide semiconductor
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field effect transistor (MOSFET) may be increased up to ten times when the
temperature is raised from room temperature to 100° Celsius”); MTK-1014, 4:14-
23 (“In some embodiments, the line regulation provided by the first feedback loop
may filter input noise and compensate for process and temperature variations.”).
For example, Sedra explains that the “[s]tudy of semiconductor physics shows
that at an absolute temperature 7 (in Kelvins), the intrinsic concentration #; (that
is, the number of free electrons and holes per cubic centimeter) can be found from

n’ =BT’ """ (3.6) where B is a material-dependent parameter = 5.4 x 10°! for

silicon, E¢ is a parameter known as the bandgap energy = 1.12 electron volts (eV)
for silicon, and k is Boltzmann's constant = 8.62 x 10~ eV/K.” MTK-1017, 139.
In this excerpt, Sedra clearly explains that the number of free electrons, n;,
depends on, among other things, the temperature and the material, which in turn
determines the conductivity of the semiconductors (e.g., diodes) and their on/off
characteristics. Thus, in addition to sending control signals indicating the status
of the “device 200 and process variation, it would have been obvious for the
“control circuit 30” to send control signals that also indicate temperature
variation. By doing so, the voltages provided to Takahashi’s “switching circuit
20” and power islands would be further optimized to reduce leakage during
standby.

108. Thus, even if claim 1 of the 077 Patent is construed to require that
the “adaptive leakage controller” has the features of the “ALC 270 of Figure 2

of the ’077 Patent, Takahashi discloses and renders obvious that element.
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109. Further, I understand that the terms “power island” and “power
manager” have been construed in prior litigations involving a patent describing a
similar subject matter, U.S. Patent No. 7,051,306. See MTK-1025 43-44
(construing “power island” as “section of an integrated circuit where power
consumption is controlled by independently varying its operating voltage and its
frequency of operation”); 44-46 (construing “power manager” as ‘“circuitry,
device, or system configured to determine a target power level of a power island,
determine an action to change the target power level, and perform an action to
change the consumption power level to the target power level”); MTK-1026 28-
29 (clarifying meaning of prior construction of “power island” as “a section of an
integrated circuit where power consumption is controlled by independently
varying its operating voltage or its frequency of operation (or both)”), 29-34
(construing “power manager” as “any system, circuitry, or device configured to
control power”). In my opinion, no construction is necessary for the purposes of
this proceeding because plain and ordinary meaning suffices. And while the prior
constructions involved a different patent and different claims, Takahashi’s
disclosures, in light of a POSITA’s knowledge, would also render these terms
obvious under the prior constructions for the reasons discussed above with respect
to element 1[p]. See also MTK-1001, 4:11-20; see also id., 3:49-55; MTK-1005,

[0121]; MTK-1006, 1:21-38.
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110. Thus, to the extent the preamble of claim 1 of the 077 Patent is
limiting, it 1s my opinion that Takahashi discloses and renders obvious the
preamble of claim 1.

(b) Element 1[a]

111. Element 1[a] recites “receiving, at the power manager, a control
signal from the adaptive leakage controller.” In my opinion, Takahashi discloses
and renders obvious element 1[a].

112. As I explained with respect to the preamble of claim 1, it is my
opinion that Takahashi discloses and otherwise renders obvious a power manager
and adaptive leakage controller. Specifically, it is my opinion that in the related

113

embodiments of Figures 1-5 and 11-17, Takahashi’s “voltage regulator” (labelled
“40” in Figures 1-5 and “100” in Figures 11-17) discloses and renders obvious a
power manager, and Takahashi’s “control circuit 30” discloses and renders
obvious an adaptive leakage controller.

113. As shown below, Takahashi discloses that the adaptive leakage

controller (i.e., the “control circuit 30”) sends a “control signal Sc” to the power

manager (i.e., the “voltage regulator”). MTK-1004, [0116]-[0117].
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114. Takahashi’s “control signal Sc” indicates the “operating status of
device 200,” including the “logic circuit 10.” MTK-1004, [0116]. Specifically,
Takahashi’s “control signal Sc” is provided to the “voltage regulator” to indicate
whether the “device 200” is in “operation (Active mode)” or “standby (Sleep
mode).” Id., [0109]-[0110]. Takahashi’s “[v]oltage regulator 100 generates
different levels of source voltages during operation and during standby according
to said control data DAT and status control signal Sc and supplies them to device
200.” MTK-1004, [0111]; see also id., [0098], FIG. 1. For example, in Figures
11-17, based on the “control signal Sc” the “[v]oltage regulator 100 controls the
levels of source voltages Vaai, Vaa2, and Vaas supplied to device 200 using
predetermined optimum values according to control signal Sc indicating control
data DAT and the operating condition of the device.” Id., [0109].

115. Thus, in my opinion a POSITA would find that Takahashi discloses
and renders obvious “receiving, at the power manager, a control signal from the
adaptive leakage controller.”

(¢) Element 1[b]

116. Element 1[b] recites “employing the power manager to dynamically
change power consumptions of the plurality of power islands, the employing the
power manager to dynamically change power consumptions including:
generating a variable voltage based on the control signal; and providing the
variable voltage to at least one of low leakage sleep circuits of the integrated

circuit.” In my opinion, Takahashi discloses and renders obvious element 1[b].
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117. As explained with respect to elements 1[p] and 1[a], it is my opinion
that Takahashi discloses and otherwise renders obvious a plurality of power
islands and a power manager. Specifically, it is my opinion that Takahashi’s
“logic circuit 10” and “control circuit 70” are each a power island. It also would
have been obvious to a POSITA to include multiple other power islands in
Takahashi’s integrated circuit to provide additional functionalities as shown, for
example, in Figure 10 (e.g., to add memory or digital signal processing (DSP) to
the “device 200). Further, Takahashi’s “control circuit 30” discloses and renders
obvious a power manager.

118. Turning to element 1[b], it is my opinion that Takahashi discloses
that its power manager (i.e., “voltage regulator”) “generat[es] a variable voltage
based on the control signal” as required by claim 1. As shown below, Takahashi’s
“voltage regulator” generates a variable voltage “V4q” (in Figures 1-5) or “Vaa1”
(in Figures 11-17) based on the “control signal Sc¢” received from the “control

circuit 30” (adaptive leakage controller).
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119. For instance, Takahashi explains that the “source voltage Vad”
generated by the “voltage regulator 40” in Figures 1-5 is set to “different levels
... during operation and during standby.” MTK-1004, [0053]. As shown in
Figure 1 above and described in more detail with respect to Figures 11-17, the
“control signal Sc” notifies the “voltage regulator 40 of the status of the “logic
circuit 10.”

Control signal S of different levels is applied to the
gate of transistor MPO during operation and during
standby, respectively. Transistor MPO is turned on or
off according to the level of said control signal Sc.
Furthermore, different levels are applied during
operation and during standby, respectively, for the
source voltage at the source of transistor MPO. In the
prior art, the source voltage is kept at the same value
during operation and during standby. However, in the
case of the semiconductor integrated circuit of the
present embodiment, source voltages Via and Vs are
switched depending on the condition of logic circuit
10. For example, during operation, source voltage Vg
is set to nominal operating voltage Vi of the
transistor. During standby, the source voltage is set to
value Vi, for example, Vair=Vain—0.3V, slightly
lower than Vain. As a result, the gate-source voltage of
switching transistor MPO acquires the opposite sign to
that of the voltage during normal use in order to realize
a super cut-off status.

MTK-1004, [0053] (emphasis added).
120. With respect to Figures 11-17, Takahashi explains that “multiple
different levels of voltages Vui, Vaw, and Va3 are supplied from voltage

regulator 100 to device 200 based on the “status control signal S¢” received from

the “control circuit 30.” Id., [0098]. For example, Figures 16 and 17 of Takahashi
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depict an example of the voltage signals output by the “voltage regulator 100

during operation and standby. When the “control signal Sc” indicates that the

“device 200 is in operation, “source voltage[] Vdai ..

. [1s] 1.2V as shown” in

Figure 16, and when the “control signal Sc” indicates that the “device 200 is in

standby, “source voltage Va1 generated by voltage regulator 100 ... is 0.7V” as

shown in Figure 17. Id., [0109], [0111]-[0115], FIGS. 14-15.
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121. Takahashi further discloses and renders obvious “providing the

variable voltage to at least one of low leakage sleep circuits of the integrated

circuit.” Specifically, as shown in the related embodiments of Figures 1-5 and

11-17, Takahashi’s “voltage regulator 100” provides the variable voltage to the

“switching circuit 20.” Id., Abstract, [0051]-[0052], [0113]-[0116].!

!'In addition to the “source voltage Vaa1,” Figures 14-15 of Takahashi also
explain that “source voltage Vdqa:” is provided to the “SW Tr Gate,” which a
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POSITA would understand refers to the gate of “transistor MP0” in the
“switching circuit 20.” Thus, “Vaa2” is another variable voltage that is

generated by the power manager (i.e., “voltage regulator’’) based on the “control
signal Sc.” MTK-1004, FIGS. 14-15.

70



MTK-1004, FIG. 16 (annotated).

122. In my opinion, the “switching circuit 20” is a low leakage sleep
circuit because it reduces leakage during standby (sleep) mode. Takahashi
explains that the “switching circuit 20 is configured with pMOS transistor MP0”
that “supplies an operating current to logic circuit 10 during operation and
suppresses the leakage current of the low threshold voltage transistor of logic
circuit 10 during standby.” Id., [0051]-[0053]. Specifically, “[w]hen transistor
MPO is conductive (on), source voltage Vaq is applied to node N1, and a driving
current is supplied to logic circuit 10. On the other hand, when transistor MPO is
off (off), supply of current to logic circuit 10 is cut off. Thus, generation of a
leakage current at logic circuit 10 is suppressed.” Id., [0052].

123. While the 077 Patent does not use the term “low leakage sleep
circuit” in its specification, the 077 Patent does disclose a “technique for
reducing leakage [using] a sleep transistor’ that “act[s] as a switch to turn on and
off the logic gate.” MTK-1001, 2:9-20; see also id., Abstract, 2:45-50, 4:21-5:7,
7:12-17. Specifically, “the sleep transistor 130 is turned on (gate to VDD) during
normal cell operation. When the cell is idle, the sleep transistor 130 is turned off
(gate tied to VSS) to reduce the leakage current of the cell.” Id., 2:9-20; see also
id., 7:8-17 (“FIGS. 5, 6, 7A-C, and 8A-8B disclose one embodiment for low
leakage, data retention circuitry. In this embodiment, in sleep mode, the circuit
parts of a flip-flop that do not require data retention are coupled to ground through

a sleep transistor. The gate of the sleep transistor is coupled to a sleep signal that
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can be driven to a negative voltage such as —0.3V. Thus, the leakage in these
circuit parts of the flip-flop is eliminated (reduced). When not in a sleep state, the
sleep transistor has a gate value equal to or greater than the VDD supply, which
effectively grounds the circuit.”). Takahashi’s “switching circuit 20” comprising
the “transistor MPO” operates in this same way to provide an operational voltage
to the “logic circuit 10” during “Active mode” and reduce leakage during ”Sleep
mode.” See MTK-1004, [0052], [0110].

124. While Figures 1-5 and 11-17 depict circuits with a single “switching
circuit 20,” in my opinion a POSITA would have found it obvious for Takahashi’s
integrated circuits to including multiple “switching circuits.” For example,
Figure 10 of Takahashi depicts an embodiment with multiple “functional circuits”
210-280 that are each a power island, where power to each “functional circuit” is
controlled by the “pMOS transistors” 310-380. MTK-1004, [0090]-[0091],

[0094].
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MTK-1004, FIG. 10 (annotated).

Memories 210, 220, 270, and 280, logic circuit 230,
microprocessor core 240, DSP core 250, and peripheral
circuit 260 are functional circuits to be operated using
source voltage Vd.

The switching circuit is configured with pMOS
transistors 310, 320, ... , and 380. These transistors are
turned on/off according to the data held in respective
flip- flops 110, 120, ..., and 180 in order to supply a
driving current to a prescribed functional circuit when
in the on status. Because the current supply path to said
functional circuit is cut off when in the on status,
occurrence of a leakage current in the functional circuit
can be suppressed.

MTK-1004, [0089]-[0090].

125. In my opinion, a POSITA would have found it obvious to apply this

structure to Takahashi’s related embodiments in Figures 1-5 and 11-17. For
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example, a POSITA would have understood that the “device 200” could include
another “switching circuit 20” with an associated “logic circuit 10” as I show in

the modified version of Figure 16 below.
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Power =
Manager Power
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Power 70 77
Island 1
£
20
Power
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FIG. 16

MTK-1004, FIG. 16 (modified and annotated).
126. A POSITA would have understood that a “device 200 can include
more than one “logic circuit 10” (or other type of functional circuit, e.g., a

memory as in Figure 10), and would have been motivated to provide a “switching
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circuit 20” for each “logic circuit 10” to obtain the same leakage and power
reduction benefits that I described above.

127. Other similar modifications to Takahashi’s embodiments of Figures
1-5 and 11-17 would also have been obvious. For example, a POSITA would
have understood and found it obvious to include a “switching circuit 20” before
the other “control circuit 70” so that leakage in the “control circuit 70” can be
reduced when the “Wake up logic” is in standby. In another example, a POSITA
would have understood and found it obvious to include multiple “control circuits
30,” each with its own “logic circuit 10” (or other type of functional circuit).
Doing so would enable the device to provide power and reduce the leakage of the
additional “logic circuit 10” (or other type of functional circuit) independently
from the “logic circuit 10” shown in Figures 1-5 and 11-17.

128. As such, Takahashi’s integrated circuit “employ[s] the power
manager to dynamically change power consumptions of the plurality of power
islands” as required by claim 1. Specifically, as discussed above, Takahashi
employs the “voltage regulator” (i.e., power manager) to dynamically change the
power consumptions of the power islands, including “logic circuit 10” and
“control circuit 70.” As shown in Figures 11-17, for example, Takahashi’s
“voltage regulator 100” provides the variable voltage “Vaq1” to the “switching
circuit 20.” During an active mode, “V4q41” 1s set to an operational voltage (e.g.,
1.2V as shown in Figure 16) to power the “logic circuit 10” power island. MTK-

1004, [0112]-[0113]. Then, during standby, the variable voltage “Vgai” is
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reduced (e.g., to 0.7V as shown in Figure 17) to reduce leakage current and
therefore power consumption by the “logic circuit 10.” Id., [0114]-[0116]. The
“voltage regulator 100” similarly changes the varying voltage “Vq43” to the other
power island “control circuit 70,” to power the “Wake up logic” of “control circuit
70” during operation and reduce its power consumption during standby. Id.,
[0110]-[0117], FIGS.14-17.

129. Thus, it is my opinion that Takahashi discloses and renders obvious
element 1[b]. Because Takahashi discloses or renders obvious each element of
claim 1 of the 077 Patent, it is my opinion that Takahashi renders obvious claim
1.

3. Claim 2

130. Claim 2 recites “[t]he method as claimed in claim 1 further
comprising putting to sleep and taking out of sleep, at different times, at least one
of the power islands.” In my opinion, Takahashi renders obvious claim 2 of the
’077 Patent.

131. As I discussed at element 1[b] above, Takahashi’s power islands,
including “logic circuit 10” and “control circuit 70,” are put into “standby (Sleep
mode)” or “operation (Active mode)” at different times to reduce power
consumption due to leakage currents when they are inactive. MTK-1004, [0110].
For example, Takahashi explains that the “switching circuit 20” that includes
“transistor MP0O” “supplies an operating current to logic circuit 10 during

operation and suppresses the leakage current of the low threshold voltage
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transistor of logic circuit 10 during standby.” Id., [0052]-[0053]. “When
transistor MPO is conductive (on), source voltage Va4 is applied to node N1, and
a driving current is supplied to logic circuit 10. On the other hand, when transistor
MPO is off (off), supply of current to logic circuit 10 is cut off” such that
“generation of a leakage current at logic circuit 10 is suppressed.” Id., [0052];
see also id., [0098], [0112]-[0116] (describing the same functionality in Figures
11-17). Thus, the power island “logic circuit 10 is put to sleep and taken out of
sleep at different times. Similarly, Takahashi discloses that the voltage “Vqa3”
provided to another power island “control circuit 70” is varied to place the “Wake
up logic” of “control circuit 70” into active or sleep modes at different times.
MTK-1004, [0098]-[0100], [0110]-[0117].

132. A POSITA would also have understood that putting Takahashi’s
power islands into “standby (Sleep mode)” or “operation (Active mode)”
discloses the claimed “putting to sleep and taking out of sleep.” The *077 Patent
describes “sleep states” as those in which a circuit is not operational but has “low
leakage.” See MTK-1001, Abstract, 2:37-50, 7:8-28. Thus, the 077 Patent and
Takahashi both refer to a “sleep” state as one in which a portion of the integrated
circuit is not operational and has a reduced leakage. Other references from the
same timeframe similarly describe such states as “sleep states.” See, e.g., MTK-
1018, 1:37-45 (“Leakage power consumption has become a major design concern
for sub-micron transistors especially in low power applications, e.g., portable

computers. For example, in portable computers with battery operation, leakage
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power consumption may shorten the life of the battery. Consequently, techniques
have been developed to mitigate leakage power consumption such as during the
power saving mode of operation commonly referred to as ‘sleep mode’ or ‘sleep
state.””).

133. While not expressly recited by claim 2, to the extent that claim 2
requires putting power islands into sleep and out of sleep at different times from
other power islands, it is my opinion that Takahashi renders obvious claim 2.2
Specifically, a POSITA would have found it obvious to selectively place the
“logic circuit 10” or “control circuit 70” power islands into standby (sleep) or
operational (active) states at different times from other power islands, as

Takahashi discusses with respect to Figure 10.

2 In my opinion, the plain meaning of claim 2 does not require putting at least one
power island to sleep and taking it out of sleep at different times from other power
islands.
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MTK-1004, FIG. 10.

Memories 210, 220, 270, and 280, logic circuit 230,
microprocessor core 240, DSP core 250, and peripheral
circuit 260 are functional circuits to be operated using
source voltage Vdd.

The switching circuit is configured with pMOS
transistors 310, 320, ..., and 380. These transistors are
turned on/off according to the data held in respective
flip- flops 110, 120, ... , and 180 in order to supply a
driving current to a prescribed functional circuit when
in the on status. Because the current supply path to said
functional circuit is cut off when in the on status,
occurrence of a leakage current in the functional circuit
can be suppressed.

MTK-1004, [0089]-[0090]; see generally [0087]-[0095] (“[I]n the semiconductor

integrated circuit shown in FIG. 10, supply of driving current to the respective
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functional circuits can be controlled individually by controlling the on/off status
of the respective transistors constituting the switching circuit.”).

134. In my opinion, a POSITA would have been motivated to selectively
place individual power islands into sleep or operational states because doing so
would further reduce power consumption of the “device 200.” That is, a POSITA
would have understood that putting unused power islands to sleep even while
other power islands in the “device 200 are operational would reduce the overall
power consumption of the “device 200.”

135. Further, in my opinion a POSITA would have known how to
implement such a feature, as shown in Figure 10 of Takahashi, in the integrated
circuit embodiments of Figures 1-5 and 11-17. For example, a POSITA would
have understood that additional “switching circuits 20” could be added for the
other power islands in Takahashi’s “device 200,” e.g., adding a “switching circuit
20” for the “control circuit 70” power island. A POSITA also would have
understood how to control the on/off operation of those additional “switching
circuits 20” using the “control circuit 30” (e.g., where the “control circuit 30”
provides additional “control signals Sg” for the additional “switching circuits
20”) or additional control circuits like the “control circuit 30.”  Such
modifications would have been well within the skill of a POSITA and would be
simple modifications that a POSITA could perform with a reasonable expectation
of success. Further, such a modification would provide the predictable result of

putting unused power islands to sleep even while other power islands in the
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“device 200 are active, thereby reducing power consumption of the “device 200”
overall.

136. Thus, in my opinion Takahashi renders obvious claim 2 of the 077
Patent.

4, Claim 3

137. Claim 3 recites “[t]he method as claimed in claim 2 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” In my opinion, Takahashi renders obvious claim 3 of the
’077 Patent.

138. As I explained with respect to element 1[p] above, Takahashi’s
“voltage regulator” discloses and renders obvious a power manager. A POSITA
would have further understood and found obvious that Takahashi’s “voltage
regulator” employs a state machine to control putting power islands (e.g., the
“logic circuit 10” and “control circuit 70”) to sleep and taking them out of sleep.

139. Specifically, Takahashi discloses that the “voltage regulator 100” of
Figures 11-17 determines optimum “source voltages™ for putting power islands
into standby and operational states based on the “control data DAT” and “control
signal Sc.” MTK-1004, [0098]-[0117]. With respect to Figures 13-15, Takahashi
explains that the “control data DAT” is set “according to the driving capabilities
of the pMOS transistor and the nMOS transistor constituting device 200.” Id.,
[0100]. For instance, in Figure 13 the “levels of source voltage Va4 supplied to

device 200 vary,” from V4=1.2V when the pMOS and nMOS transistors have
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weak driving capabilities, to Vag=0.85V when the pMOS and nMOS transistors

have strong driving capabilities. /d., [0107]-[0108].
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MTK-1004, FIG. 13.

Takahashi further explains that the “control signal Sc indicat[es] the operating
condition of device 200,” i.e., whether the device is in “operation (Active mode)”
or “standby (Sleep mode).” Id., [0109]-[0110], [0117]; see also id., [0004],
[0072]-[0073] (changing the values of similar “control signals Sci and Sc>” based
on the operating status of the device), FIG. 18.

140. “FIGS. 14 and 15 show the voltage levels of source voltages Vadi,
Va2, and Vg3 generated by voltage regulator 100 according to the values of the
respective bits of control data DAT set based on the process requirements of
device 200 during operation (Active mode) and during standby (Sleep mode) and

said control data.” Id., [0110].
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BitBitBit| Vddi Vdd2 Vdds Process

Active |2 1 0| SWTr| SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0| 0 0 0 1.2v 1.2V | 1.20V |{Weak
Fuse prog-1| 0 0 1 1.15V 1.15V 1.15V I[INTPW,NWPT
Fuse prog-2| 0 1 0| 1.05V | 1.05V | 1.05V |TYPC,NSPW,NWPS
Fuse prog-3| 0 1 1| 0.95V | 0.95V ]| 0.95V |NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.85V | 0.85V | 0.85V [Strong
FIG. 14
BitBitBit| Vdd: Vdd2 Vdds Process
Sleep. | 2 1 0| SWTr | SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0 0.7V 1.0v 0.7V |Weak
Fuse prog-1 0.7V 1.0V 0.7V |NTPW,NWPT

0.7V 1.ov 0.7V |TYPC,NSPW,NWPS
0.7V 1.0V 0.7V |[NSPT,NTPS
0.7V 1.0V 0.7V |Strong

Fuse prog-2
Fuse prog-3
Fuse prog-4

-0 0o Qo
O - OO
L= — I

FIG. 15

MTK-1004, FIGS. 14-15.

141. To put the power islands (e.g., “logic circuit 10” and “control circuit
70”) to sleep or take them out of sleep, “[v]oltage regulator 100 generates
different levels of source voltages during operation and during standby according
to said control data DAT and status control signal Sc and supplies them to device
200.” Id., [0111].

142. As shown in Figures 14 and 15 of Takahashi, the same values of
“DAT” data bits can result in different values for the outputs of voltage regulator
40. In other words, depending on whether the device is in the active or sleep state
as indicated by the “control signal Sc,” the same “DAT” data bits result in
different outputs of voltage regulator 40. In fact, as shown in Figures 14 and 15,
voltage regulator 40 has 6 distinct states: 5 states for the active mode (5 rows in

Figure 14) and one state for the sleep mode (because all 5 rows in Figure 15 have
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the same voltage outputs). This clearly shows that voltage regulator 40 of
Takahashi operates depending on the mode of the device (i.e., whether the devices
is in the active mode or in the sleep mode), and only when the device is in the
active mode, the three data bits can control the voltage regulator to output
different voltages.

143. A POSITA would have therefore understood that Takahashi’s
“voltage regulator” employs a state machine. See, e.g., MTK-1001, 6:19-21,
6:38-55; MTK-1008 (defining “state machine” as a “circuit containing several
different states reachable from each other, with state changes happening
synchronously”).  For example, the 2001 textbook Computer Systems
Organization & Architecture from John D. Carpinelli (MTK-1009) describes
state machines in which “[i]nputs to the state machine are combined with the
current state of the machine to determine the new state, or next state of the
machine. Depending on the type of machine, outputs are generated based on
either the state of the machine, or the state of the machine and the machine
inputs.” MTK-1009 at 51. In Takahashi, the “voltage regulator 100 of Figures
11-17 (and similarly, “voltage regulator 40” of Figures 1-5) determines its
operable state (the different outputs for Vadi, Vad2, and Vaz) based on the inputs
“control data DAT and status control signal Sc.”

144. Based on the explanations above, in my opinion, a POSITA would
have understood and found obvious that Takahashi’s “voltage regulator” employs

a state machine to control putting at least one power island to sleep (i.e., “standby
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state” or “Sleep mode”) and taking it out of sleep (i.e., “operational state” or
“Active mode”).

s. Claim 4

145. Claim 4 recites “[t]he method as claimed in claim 1 wherein the
variable voltage is an optimum voltage.” In my opinion, Takahashi renders
obvious claim 4 of the 077 Patent.

146. As I explained with respect to element 1[b] above, Takahashi
discloses and renders obvious a power manager that generates a variable voltage.
For example, in the embodiment of Figures 1-5, Takahashi’s “voltage regulator
40” is a power manager that generates a variable “source voltage Vaa.” Likewise,
in the embodiment of Figures 11-17 the “voltage regulator 100” is power manager
that generates variable voltages including “source voltage Vad1.”

147. Takahashi further discloses that the variable “source voltage”
generated by the “voltage regulator” is set to “optimum values under the
respective preset conditions according to control data DAT and control signal Sc
indicating the operating status of device 200.” MTK-1004, [0117]; see also id.,
[0099]-[0100], [0107], [0109]-[0111],[0123], FIGS. 13-15. Takahashi optimizes
the variable “source voltage” based on the process variation indicated by “control
data DAT” so that “the effect of variations in the production process can be
reduced” and the “occurrence of leakage current is suppressed.” Id., Abstract,

[0109], [0116]-[0118], [0123]. Similarly, the voltage is optimized based on the
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operating state indicated by ‘“control signal Sc” to reduce the leakage current
during standby. See, e.g., id., [0055]-[0057], Fig. 2.

148. Thus, in my opinion, a POSITA would have understood and found
obvious that Takahashi’s variable voltage (e.g., “Vdd” or “Vaai”) is an optimum
voltage.?

6. Claim 5

149. Claim 5 recites ““[t]he method as claimed in claim 4 wherein the
optimum voltage is dependent upon both process variation and temperature
variation.” In my opinion, Takahashi renders obvious claim 5 of the ’077 Patent.

150. As I explained at element 1[b] and claim 4 above, the variable
voltage outputs from Takahashi’s “voltage regulator” (e.g., labelled “V4” in
Figures 1-5 and “Va441” in Figures 11-17) are optimized for the operating state and
performance of the integrated circuit device. In my view, a POSITA would have
found it obvious in view of Takahashi to optimize the variable voltage outputs
depending on both process variation and temperature variation.

151. As I explained with respect to Claim 4, Takahashi discloses

optimizing the “source voltage” based on process variation so that “the effect of

3 It is my understanding that claim 4 does not require that the “variable voltage”
1s optimized based on temperature and/or process variations. This understanding
comports with the claims in part because claim 5 separately recites that the
“variable voltage” is optimized “dependent upon both process variation and
temperature variation.” However, to the extent that the “variable voltage” of
claim 4 must be optimized based on temperature and/or process variations, in my
opinion Takahashi renders obvious claim 4 for the reasons stated here with
respect to claim 4 and below with respect to claim 5.
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variations in the production process can be reduced.” MTK-1004, [0117]; see
also id. at [0099]-[0100], [0107], [0109]-[0111], [0123], FIGS. 13-17. That is,
the voltage outputs from the “voltage regulator” are optimized based on the
process used to fabricate the transistors in the device, including the “transistor
MPO0” in the “switching circuit 20,” to increase the “current driving capability”

during operation and reduce leakage during standby. See id. at Abstract.
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MTK-1004, FIG. 2.

FIG. 2 is a graph showing the relationship between
drain current I D of pMOS transistor MP0O and gate-
source voltage Vgs. In said graph, drain-source voltage
Vs of transistor MPO is —1.5V, for example. In
addition, assume that channel width W of transistor
MPO is 10um, and channel length L is 0.21pum.

As shown in FIG. 2, the drain current of the transistor
changes in accordance with gate-source voltage Vgs.
When gate-source voltage Vs is of a specific value, for
example, when Vg is approximately 0.2V, in FIG. 2,
the drain current of transistor MPO has a very low value.
That 1s, a leakage current valley (LCV) is present. The
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gate-source voltage at this time will be referred to as
Vgsv hereinafter.

As described above, drain current I D of transistor MP0O
can be further reduced during standby bringing gate-
source voltage Vg up to Vgsv by controlling control
signal Sg that is applied to the gate of transistor MPO
during standby. Thus, leakage current of logic circuit
10 can be reduced drastically. For example, when
Vg=Vgsv, drain current ID of the transistor is reduced
to approximately {fraction (1/700)} of that when gate-
source voltage Vg is 0 V.

Furthermore, the drain current can be further reduced
by applying a voltage higher than the voltage applied to
the source of transistor MPO to its channel region
during standby.

MTK-1004, [0054]-[0057]; see also id. at [0050].

152. A POSITA would have found it obvious to further optimize
Takahashi’s “source voltage” based on temperature variation to further reduce
“leakage current” and improve device performance. Indeed, it was well-known
at the time of the 077 Patent that transistor performance is dependent both on
process variation and temperature variation. See, e.g., MTK-1010, 1:37-2:14
(“Thus, it is known that varying supply voltage to a chip can improve
performance by eliminating unexpected variability in the supply voltage, and by
accounting for process and operating temperature variations.”); MTK-1011,
12:18-21 (“the temperature dependency and any variation caused in
manufacturing can be cancelled”); MTK-1012, 2:34-43, FIG. 2 (“leakage power
in an integrated circuit increases exponentially as a function of temperature”);

MTK-1013, 1:19-30 (“a sub threshold leakage of a metal-oxide semiconductor
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field effect transistor (MOSFET) may be increased up to ten times when the
temperature is raised from room temperature to 100° Celsius”); MTK-1014, 4:14-
23 (“In some embodiments, the line regulation provided by the first feedback loop
may filter input noise and compensate for process and temperature variations.”).

153. Thus, in my opinion, it would have been obvious to optimize the
variable voltages generated by the power manager (e.g., the “source voltage Vaq”
generated by “voltage regulator 40” or “source voltage Va1 generated by
“voltage regulator 100”) based on temperature variation in addition to process
variation to (1) improve performance of the pMOS and nMOS transistors in the
“switching circuit 20” and power islands (e.g., “logic circuit 10”) and (2) further
reduce power consumption due to leakage current during standby. A POSITA
would have readily implemented these optimizations with predictable results and
a reasonable expectation of success. For example, a POSITA would have been
capable of adding a temperature sensor to Takahashi’s integrated circuit device
and configuring the “voltage regulator” to optimize its “source voltage” outputs
based on temperature in addition to the process variation indicated by “control
data DAT” and “‘status control signal Sc.” MTK-1004, [0098]-[0117], FIGS. 11-
17.

154. 1t 1s therefore my opinion that Takahashi renders obvious claim 5 of
the *077 Patent.

7. Claim 6
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155. Claim 6 recites “[t]he method as claimed in claim 4 wherein the
optimum voltage is generated by a sleep generator.” In my opinion, Takahashi
renders obvious claim 6 of the 077 Patent.

156. As I discussed above at elements 1[p] and 1[b] and claim 4,
Takahashi’s “voltage regulator” discloses and renders obvious a power manager
that generates an optimized variable voltage. Specifically, Takahashi’s “voltage
regulator” is a power manager that generates an optimized variable voltage (e.g.,
“Vaq” in Figures 1-5 and “V4q1” in Figures 11-17) based on, among other things,
whether the power island is in an operating state (“Active mode™) or standby state
(“Sleep mode™). MTK-1004, [0110].

157. Specifically, during “standby (Sleep mode”), Takahashi’s “voltage
regulator” generates an optimum “source voltage” and provides it to the
“switching circuit 20 to limit leakage current. Id.; see Claim 4. Figure 15, for
example, provides exemplary values for the “source voltages Va1, Va2, and Vas”

generated by the “voltage regulator 100” during “Sleep mode.”

BitBitBit| Vddi Vdd2 Vdds Process
Sleep. 12 1 0| SWTr | SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0{ 0 0 0 | 0.7V 1.0V 0.7V |Weak
Fuse prog-1| 0 0 1 | 0.7V 1.0V 0.7V |NTPW,NWPT
Fuse prog-2| 0 1 0 | 0.7V 1.0V 0.7V |TYPC,NSPW,NWPS
Fuse prog-3| 0 | I | 0.7V 1.0V 0.7V |[NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.7V 1.0V 0.7V |Strong
FIG. 15

MTK-1004, FIG. 15 (annotated).
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158. Takahashi also discloses that the variable voltages provided during
“Sleep mode” can be optimized to place the “switching circuit 20” transistor
“MPO” into “super cut-off status” so that “leakage current during standby can be
suppressed.” MTK-1004, [0009]-[0010].

Control signal S of different levels is applied to the
gate of transistor MPO during operation and during
standby, respectively. Transistor MPO is turned on or
off according to the level of said control signal Sc.
Furthermore, different levels are applied during
operation and during standby, respectively, for the
source voltage at the source of transistor MPO. In the
prior art, the source voltage is kept at the same value
during operation and during standby. However, in the
case of the semiconductor integrated circuit of the
present embodiment, source voltages Vdq and Vg are
switched depending on the condition of logic circuit 10.
For example, during operation, source voltage Vq 1s set
to nominal operating voltage Vun of the transistor.
During standby, the source voltage is set to value VgL,
for example, Vaar=Vaan—0.3V, slightly lower than V.
As a result, the gate-source voltage of switching
transistor MPO acquires the opposite sign to that of the
voltage during normal use in order to realize a super
cut-off status.

MTK-1004, [0053]; see also id. at [0058], [0062], [0073], [0085], [0116]-[0118].

159. As I explained in my analysis of claim 4, Takahashi’s “[v]oltage
regulator 100 generates different levels of source voltages ... during standby” so
that “switching circuit 20 is in the super cut-off status during standby, and the
occurrence of leakage current at logic circuit 10 is suppressed.” MTK-1004,
[0111], [0116]. That is, Takahashi’s “voltage regulator” includes a voltage

generation element for generating optimal voltages for putting the power islands
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into “Sleep mode” and reducing leakage current. See id. While the 077 Patent
describes the “sleep generator” only briefly, a POSITA would have understood
based on Takahashi’s disclosures that the voltage generation element of
Takahashi’s “voltage regulator” is the claimed sleep generator. See MTK-1001,
5:8-67, FIGS. 3-4.

160. Itistherefore my opinion that a POSITA would have understood and
found obvious that Takahashi’s “voltage regulator” includes a sleep generator for
generating the optimum voltage.

8. Claim 7

161. Claim 7 recites “[t]he method as claimed in claim 1 wherein the
control signal is a digital signal.” In my opinion, Takahashi renders obvious
claim 7 of the 077 Patent.

162. As I explained at element 1[a] above, the “control signal S¢” is a
control signal provided to the “voltage regulator” that is a power manager.
Specifically, Takahashi’s “control circuit 30” transmits the “control signal Sc
indicating the operating status of device 200,” i.e., whether the device 200 is
operating or in standby. MTK-1004, [0116]-[0117]. Takahashi’s “voltage
regulator” receives the “control signal Sc” and generates “different levels of
source voltages ... according to said control data DAT and status control signal
Sc.” Id., [0111]; see also id., [0098].

163. In my opinion, a POSITA would have understood that Takahashi’s

“control signal Sc” is a digital signal, and otherwise would have found it obvious
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to use a digital signal for the “control signal Sc.” Takahashi explains that the
“control signal Sc” indicates one of two states of the “device 200”—either that it
is in “operation (Active mode)” or “standby (Sleep mode).” Thus, the “control
signal Sc” is a binary signal. MTK-1004, Abstract, [0098], [0110]-[0111],
[0116]-[0117]. For example, Takahashi’s related embodiments in Figures 6-7
and 8-9 include similar “control signals Sci1 and Sc” that are sent to a “voltage
switching circuit 50 [that is] provided in place of the volage regulator.” Id.,
[0065], [0069]-[0074]. Like the “control signal Sc,” the “control signals Sci and
Sc2” take one of two values—either “the level of source voltage Vaan or “ground
potential GND.” Id. A POSITA would have understood that the binary “control
signals Sci and Sc>” are digital signals, and similarly would have understood that
Takahashi’s “control signal Sc¢” that takes one of two values also is a digital
signal. See MTK-1015 (defining “digital signal” as “[a]n electrical signal with
two states—on or off, high or low, positive or negative—such as could be
obtained from a telegraph key or two-position toggle switch”); MTK-1016
(defining “digital signal” as “an electric signal that has only a number of possible
states, as opposed to an analog signal which is continuously variable™).

164. Moreover, Takahashi explains that the “control data DAT” provided
to the “voltage regulator” is a digital signal with a specific “number of bits.”
MTK-1004, [0098], [0101], [0104], [0109]-[0111], FIGS. 14-15. In my opinion,
a POSITA would have found it obvious to use digital signals for both the “control

data DAT” and “control signal Sc.” Such an implementation would be preferable
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so that the “voltage regulator” selects the “source voltage” levels based solely on
digital inputs, rather than on a mix of digital and analog inputs.

165. Further, all electrical signals fall into one of two categories—either
they are digital or analog. As one of only two options, it would have been obvious
to a POSITA for Takahashi’s “control signal Sc” to be a digital signal.

166. Thus, in my opinion Takahashi discloses and renders obvious that
the “control signal Sc” is a digital signal.

9. Claim 8

167. Claim 8 recites “recites “[t]he method as claimed in claim 1 wherein
the at least one of the low leakage sleep circuits is connected in series to a source
of'a supply voltage and to a logic gate or storage cell of one of the power islands.”
In my opinion, Takahashi renders obvious claim 8 of the *077 Patent.

168. As I explained at element 1[b] above, it is my opinion that
Takahashi’s “switching circuit 20 including the transistor “MP0” discloses and
render obvious the claimed low leakage sleep circuit. It is also my opinion, as
explained with respect to element 1[p], that Takahashi’s “logic circuit 10”
discloses and renders obvious a power island.

169. Asshown in the embodiments of Figures 1-5 and 11-17, Takahashi’s
“switching circuit 20” is connected in series between the “voltage regulator” and
“logic circuit 10.” MTK-1004, Abstract (“Switching circuit 20 is provided
between logic circuit 10 and source voltage Vaa supply terminal.””). Takahashi’s

“voltage regulator” regulates a system power supply (not shown) to generate the
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“source voltages” that are provided to the “switching circuit 20.” MTK-1004,
[0053], [0098]. Specifically, the “voltage regulator” provides the “switching
circuit 20” with “source voltages Vaa and Vags” in the embodiment of Figures 1-

5 and “Va4a1” in the embodiment of Figures 11-17. Id.*

Source of
a Supply
Voltage

Power
+ Island

FIG. 1

MTK-1004, FIG. 1 (annotated).

4 Claim 9 of the *077 Patent further recites that the “at least one of the low leakage
sleep circuits modifies the supply voltage to one of the power islands,” indicating
that the “supply voltage” includes the entire voltage path from the source to the
power island, including both the paths before and after the claimed low leakage
sleep circuit.
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170. As shown in Figure 1, “the source of transistor MP0” in the
“switching circuit 20” “is connected to source voltage Vad supply line, and its
drain 1s connected to ... a virtual source voltage supply terminal of logic circuit
10. When transistor MPO is conductive (on), source voltage Vaq is applied to
node N1, and a driving current is supplied to logic circuit 10. On the other hand,
when transistor MPO is off (off), supply of current to logic circuit 10 is cut off.”
MTK-1004, [0052]; see also id., [0112]-[0116]. Thus, the “switching circuit 20”
including “transistor MP0” is in series between the supply voltage and the power
island.

171. Takahashi also discloses and renders obvious that the power islands

such as “logic circuit 10 include a logic gate or storage cell. Takahashi discloses
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that the “logic circuit 10 [has] a CMOS structure” that may include “a CMOS
inverter configured with pMOS transistor MP1 and NMOS transistor MN1,”
and/or “may consist of other kinds of logic circuits, such as an AND circuit, a
NAND circuit, or an OR circuit.” MTK-1004, [0048], [0050]. Similarly, the
related embodiment of Figure 10 discloses power islands including “[m]emories
210, 220, 270, and 280, logic circuit 230, microprocessor core 240, DSP core 250,
and peripheral circuit 260 [that] are functional circuits to be operated using source
voltage Vaa.” Id., [0089]; FIG. 10.

172. Thus, in my opinion, a POSITA would understand that Takahashi’s
“switching circuit 20” including the transistor “MP0” is connected in series to a
source of a supply voltage and to a logic gate or storage cell of one of the power
islands. It is therefore my opinion that Takahashi renders obvious claim 8.

10. Claim9

173. Claim 9 recites “[t]he method as claimed in claim 8 wherein the at
least one of the low leakage sleep circuits modifies the supply voltage to the one
of the power islands during a sleep mode.” In my opinion, Takahashi renders
obvious claim 9 of the 077 Patent.

174. As I explained at elements 1[p] and 1[b], it is my opinion that each
“switching circuit 20” including a “transistor MP0” is a low leakage sleep circuit
and that the “logic circuit 10” is one of a plurality of power islands. Further, as I
explained at claim 2, Takahashi’s power islands are put either into “operation

(Active mode)” or “standby (Sleep mode).”
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175. Takahashi discloses that the “switching circuit 20 lowers the supply
voltage to the “logic circuit 10” during a “standby (Sleep mode).” MTK-1004,
[0110]. Specifically, during “operation (Active mode),” the “switching circuit
20” having “transistor MP0” is “conductive (on) [such that] source voltage Vaq is
applied to node N1, and a driving current is supplied to logic circuit 10.” MTK-
1004, [0052], [0110]; see also id., [0112]-[0116], FIGS. 14, 16. After
transitioning to “Sleep mode,” the source voltage is lowered such that “transistor
MPO is off (off) [and] supply of current to logic circuit 10 is cut off.” Id., [0052];
see also id., [0112]-[0116], FIGS. 2-3, 14-17. Thus, Takahashi discloses that the
“switching circuit 20” modifies the supply voltage provided to the “logic circuit
10” from an operating voltage (e.g., as shown in Figures 14 and 16, when the
“transistor MP0” is on) to a lower voltage during “standby (Sleep mode)” (e.g.,
to a lower voltage when “transistor MP0” is off). Id., [0110]-[0111].

176. Thus, it is my opinion that Takahashi discloses and renders obvious
modifying the supply voltage to one of the power islands during a sleep mode.

11. Claim 10
(a) Element 10[p]

177. The preamble of claim 10 recites “[a] method carried out in an
integrated circuit that includes an adaptive leakage controller, a power manager,
a plurality of power islands and a plurality of low leakage sleep circuits, the

method comprising.” Takahashi discloses and renders obvious the preamble of
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claim 10 of the 077 Patent for at least the reasons discussed above with respect
to element 1[p], the discussion of which I incorporate herein by reference.

(b) Element 10[a]

178. Element 10[a] recites “receiving, at the power manager, a control
signal from the adaptive leakage controller.” Takahashi discloses and renders
obvious element 10[a] for at least the reasons discussed above with respect to
element 1[a], the discussion of which I incorporate herein by reference.

(¢) Element 10[b]

179. Element 10[b] recites “employing the power manager to
dynamically change power consumptions of the plurality of power islands, the
employing the power manager to dynamically change power consumptions
including: generating a variable voltage based on the control signal; and
providing the variable voltage to the plurality of low leakage sleep circuits.”
Takahashi discloses and renders obvious element 10[b] for at least the reasons
discussed above with respect to element 1[b], the discussion of which I
incorporate herein by reference.

(d) Element 10]c]

180. Element 10[c] recites “wherein each of low leakage sleep circuits is
associated with leakage reduction of a respective one of the plurality of power
islands.” In my opinion, Takahashi discloses and renders obvious element 10[c].

181. As I explained with respect to element 1[p] above, Takahashi’s

“logic circuit 10 is a power island and the “switching circuit 20” is a low leakage
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sleep circuit. Further, as explained at element 1[b], a POSITA would have found
it obvious to include multiple instances of the “switching circuit 20” in the
embodiments of Figures 1-5 and 11-17 of Takahashi.

182. Takahashi discloses that the “switching circuit 20” of the related
embodiments of Figures 1-5 and 11-17 “suppresses the leakage current of the ...
logic circuit 10 during standby.” MTK-1004, [0052]; see also id., [0054]-[0059],
[0062], [0116], [0118]. Similarly, Figure 10 of Takahashi discloses an
embodiment in which the “switching circuit 20” includes “pMOS transistors 310,
320, ..., and 380 that can be turned off so that the “occurrence of a leakage
current in the [respective] functional circuit can be suppressed.” Id., [0090].

For example, when the test pattern is designed
appropriately, data [logic] 0 is stored into flipflop 130,
and data [logic] 1 is stored into all the other flip-flops.
Under said condition, transistor 330 is on, and the other
transistors are all off. Thus, driving current is supplied
to logic circuit 230, and logic circuit 230 becomes
operational. On the other hand, because no driving
current is supplied to any functional circuits other than
logic circuit 230, these functional circuits are all in the
standby status. Furthermore, in a functional circuit in
the standby status, because the transistor constituting
the switching circuit is turned off to cut off the leakage
current path, occurrence of a leakage current can be
suppressed.

MTK-1004, [0092].

183. Thus, Takahashi discloses to a POSITA, and otherwise renders it

obvious, that each “switching circuit 20” in Takahashi’s integrated circuit has an
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associated leakage reduction for a respective “logic circuit 10” or other power
island.

184. Thus, in my opinion, Takahashi discloses and renders obvious that
each “switching circuit 20” is a low leakage sleep circuit associated with a
leakage reduction of a respective one of the plurality of power islands.

12. Claim 11

185. Claim 11 recites “[t]he method as claimed in claim 10 further
comprising putting to sleep and taking out of sleep, at different times, at least one
of the power islands.” Takahashi renders obvious claim 11 for at least the reasons
discussed above with respect to claim 2 and claim 10, the discussion of which is
incorporated herein by reference.

13. Claim 12

186. Claim 12 recites “[t]he method as claimed in claim 11 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” Takahashi renders obvious claim 12 for at least the reasons
discussed above with respect to claim 3, claim 10, and claim 11, the discussion
of which is incorporated herein by reference.

14. Claim 13

187. Claim 13 recites “[t]he method as claimed in claim 10 wherein the
variable voltage is an optimum voltage.” Takahashi renders obvious claim 13 for
at least the reasons discussed above with respect to claim 4 and claim 10, the

discussion of which is incorporated herein by reference.
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15. Claim 14

188. Claim 14 recites “[t]he method as claimed in claim 13 wherein the
optimum voltage is dependent upon both process variation and temperature
variation.” Takahashi renders obvious claim 14 for at least the reasons discussed
above with respect to claim 5, claim 10, and claim 13, the discussion of which is
incorporated herein by reference.

16. Claim 15

189. Claim 15 recites “[t]he method as claimed in claim 13 wherein the
optimum voltage is generated by a sleep generator.” Takahashi renders obvious
claim 15 for at least the reasons discussed above with respect to claim 6, claim
10, and claim 13, the discussion of which is incorporated herein by reference.

17. Claim 16

190. Claim 16 recites “[t] he method as claimed in claim 10 wherein the
control signal is a digital signal.” Takahashi renders obvious claim 16 for at least
the reasons discussed above with respect to claim 7 and claim 10, the discussion
of which is incorporated herein by reference.

18. Claim 17

191. Claim 17 recites “[t]he method as claimed in claim 10 wherein at
least one of the low leakage sleep circuits is connected in series to a source of a
supply voltage and to a logic gate or storage cell of an associated one of the power

islands.” Takahashi renders obvious claim 17 for at least the reasons discussed
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above with respect to claim 8 and claim 10, the discussion of which is
incorporated herein by reference.

19. Claim 18

192. Claim 18 recites “[t]he method as claimed in claim 17 wherein the
at least one of the low leakage sleep circuits modifies the supply voltage to the
associated one of the power islands during a sleep mode.” Takahashi renders
obvious claim 18 for at least the reasons discussed above with respect to claim 9,
claim 10, and claim 17, the discussion of which is incorporated herein by
reference.

B.  Analysis of Takahashi in View of Ko with Respect to Claims 3
and 12

193. For the reasons articulated in detail below, and based on my review
of the 077 Patent, and the Mizuno and Ko references, it is my opinion that a
POSITA would have readily understood that the combination of Mizuno and Ko
renders obvious claims 3 and 12 of the 077 Patent.

1. Overview of Ko

194. Ko is titled “Retention System for System-Transparent State
Retention.” MTK-1006, Title. Ko explains that the Field of the Invention “relates
generally to digital integrated circuits and, more particularly, to reducing leakage
current in power-saving standby modes of digital integrated circuit operation.”
Id., 1:14-17. Ko explains that leakage current was a well-known problem in the

industry at the time.

103



The demand for higher clock-rates and lower power
supply voltages in digital integrated circuits such as
CMOS circuits results in rapidly increasing levels of
standby leakage current (i.e., the current consumed by
a CMOS circuit when the clock is not active). As an
example, multi-million gate [.C.s operating in the
Gigahertz region with supply voltages below 1.5V can
have standby leakage of 100mA or higher. This level of
leakage current represents a significant problem for
portable (battery operated) applications. This problem
is conventionally addressed by introducing products
that feature state-retentive, low-leakage standby
modes.

MTK-1006, 1:21-38.

195. Ko also discusses known solutions for implementing low-power
standby modes that reduce power consumption due to leakage currents while also
retaining necessary data. Specifically, Ko explains that known solutions for
implementing “low-leakage standby modes” with data retention would use “state
retention flip-flops [to] store the status of operation of the circuit ... in latches
with low leakage current during power-down phase.” Id., 1:39-56. “The
retention latch (called a shadow latch hence forth) is formed with thick-oxide
(low leakage) transistors and is powered by a separate permanent power supply
to retain data in power-down or retention mode.” Id. To retain data in the shadow
latches during standby, Ko explained that conventional approaches had “two
[power] supplies, a permanent supply for retention and a virtual supply for
conventional logic power.” Id., 1:57-2:2.

196. However, Ko acknowledges that “[t]his architecture has limitations™

because “[bJoth supplies must be present for normal operation,” which
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“introduces a physical design overhead of routing an additional power rail to all
the registers.” Id. Ko also explains that “[s]Jome disadvantages of such a scheme
are: the additional circuitry required for such a shadow latch implementation is
magnified at chip level when a large number of retention flip-flops are required;
generation of additional control signals required to drive the flip-flop in and out
of retention mode not only increase the flip-flop area, but also pose routing
problems at block level; and additional shadow latch and control circuitry can
load the speed-critical path of the flip-flop worsening the propagation delay of
the flip-flop.” Id., 1:39-56.

197. Thus, Ko developed a system and method of implementing “low-
leakage standby modes” with data retention “which avoid the aforementioned
disadvantages of conventional approaches.” Id., 2:3-5. Figure 1 of Ko illustrates
such a system. Specifically, Figure 1 depicts a power switching arrangement in
which “a suitable transistor 1s provided as a header switch for selectively (in
response to the signal UP/DN) connecting and disconnecting the module level
power supply VDD to and from the chip level (permanent) power supply VCC.”
Id., 2:63-3:6. Ko’s system also includes a “separate power supply VRETAIN”
for powering the “shadow latches” that “retain[] data while power is removed”

from the functional circuitry in the “logic block.” MTK-1006, 2:63-3:34.

105



r
VRETAIN POWER
SUPPLY
A
Vee
O————————— —4
UP/DNo—cl[
VDD
LOGIC BLOCK |« ZRETAIN
FIG. 1

MTK-1006, FIG. 1.

198. Ko explains that this basic structure can be applied to systems with
multiple logic blocks that can be powered-down (i.e., put into standby)
independently of other logic blocks. MTK-1006, 9:51-63, FIG. 11. For example,
Figure 4 depicts an example where Ko’s power switching arrangement is used in

a “wireless communication apparatus,” e.g., a mobile phone. MTK-1006, 7:20-

50, 7:64-8:2.
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199. Ko explains that the “wireless communication apparatus” has a “data
processing apparatus 43 [that] can perform data processing operations related to
the communications on air interface 42.” MTK-1006, 7:20-31. The “data
processing apparatus 43” includes “header switches” and ““a plurality of logic
modules ... for performing data processing operations.” Id., 7:32-50. “The data
processing apparatus 43 further includes a power state controller 45 which, in
some embodiments, utilizes state machines to provide appropriate control signals
to the header switches and logic modules.” 1d.

200. Specifically, “the power state controller provides control signals
UP/DN to the respective header switches, and provides control signals REST,

RETZ ... and SAVE for distribution to each of the logic modules.” Id. As
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explained above, the UP/DN control signal in particular is used to turn the header

switches on and off so that the logic modules are connected or disconnected from

the power supply VCC. Id., 2:63-3:6, 7:32-50. The other signals “REST, RETZ

... and SAVE” are used for data retention during standby modes. For example,

Figure 5 of Ko “is a timing diagram which illustrates the timing relationship of

the control signals produced by the power state controller 45.” Id., 7:51-53.
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201. Ko explains that “the VDD waveform of FIG. 5 generally timewise

corresponds to activation (VDD on) and inactivation (VDD off) of the UP/DN

signal of FIG. 4.” MTK-1006, 7:53-55. The other signals including the “SAVE”

signal and “REST” (i.e., “restore”) signal are used to retain data when

transitioning between operational and low-power standby states.

2. Combination of Takahashi and Ko
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202. In my opinion, a POSITA would have been motivated to combine
Takahashi with Ko.

203. As an initial matter, a POSITA would have been motivated to
combine Takahashi and Ko because both are assigned to Texas Instruments Inc.
and directed to technologies in the same field of endeavor. Id. Specifically, both
Takahashi and Ko relate to reducing power consumption in integrated circuits,
and in particular, reducing power consumption due to leakage currents, which is
of particular concern in portable device applications. MTK-1004, Title, Abstract,
[0001] (“The present invention pertains to a semiconductor integrated circuit, for
example, a semiconductor integrated circuit by which power consumption can be
reduced by suppressing leakage current.”), [0002] (discussing the invention’s
application to “mobile communication terminals, compact solid-state audio
players, and portable semiconductor devices, such as laptop personal
computers”); MTK-1006, 1:14-17 (“The invention relates generally to digital
integrated circuits and, more particularly, to reducing leakage current in power-
saving standby modes of digital integrated circuit operation.”), 3:7-34, 7:20-50
(describing a “wireless communication apparatus according to the invention”),
9:2-4, 9:42-50. As I explained above, the 077 Patent is in this same field of
endeavor in that it is also concerned with reducing power consumption due to
leakage currents. See MTK-1001, Title, Abstract, 1:29-39.

204. A POSITA also would have been motivated to combine Takahashi

and Ko because both address the same known power consumption problem, and
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do so in the same way. Specifically, both Takahashi and Ko reduce overall power
consumption by putting circuit blocks of an integrated circuit into a low-power
standby mode when not in use. See, e.g., MTK-1004, [0017], [0052]-[0053],
[0094]-[0095]; MTK-1006, 1:20-56, 2:63-3:6. Furthermore, Takahashi and Ko
both use MOS transistors as switches to limit power to the circuit block when in
standby, and to provide an operational power supply to the circuit block when it
1s in use.

In FIG. 1, switching circuit 20 is configured with
pMOS transistor MPO. Transistor MPO has a threshold
voltage either equal to or higher than that of the low
threshold transistor constituting the logic circuit, and
said threshold voltage 1s —0.2V, for example.

Switching circuit 20 supplies an operating current to
logic circuit 10 during operation and suppresses the
leakage current of the low threshold voltage transistor
of logic circuit 10 during standby. As shown in FIG. 4,
in switching circuit 20, the source of transistor MPO is
connected to source voltage Vi supply line, and its
drain is connected to node N1. In other words, node N1
is a virtual source voltage supply terminal of logic
circuit 10. When transistor MP0 is conductive (on),
source voltage Vqq is applied to node N1, and a driving
current is supplied to logic circuit 10. On the other
hand, when transistor MPO is off (off), supply of
current to logic circuit 10 is cut off. Thus, generation of
a leakage current at logic circuit 10 is suppressed.

MTK-1004, [0051]-[0052].

FIG. 1 diagrammatically illustrates a power switching
arrangement according to exemplary embodiments of
the invention. As shown in FIG. 1, a suitable transistor
is provided as a header switch for selectively (in
response to the signal UP/DN) connecting and
disconnecting the module level power supply VDD to
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and from the chip level (permanent) power supply
VCC. The module level power supply VDD provides
operating power for a logic module that includes state
retention registers according to the invention. VDD is
connected to VCC when UP/DN is activated, and is
disconnected from VCC when UP/DN is inactivated.

MTK-1006, 2:63-3:6.

205. Takahashi and Ko also both teach modifying the voltages applied to
the MOS switches and the circuit blocks in the integrated circuit during operation
and standby to limit power consumption due to leakage currents. MTK-1004,
[0052], [0112]-[0116]; MTK-1006, 4:1-24, 7:32-55.

206. In my opinion, these similarities between Takahashi and Ko—along
with their common ownership by Texas Instruments Inc.—would have motivated
a POSITA to employ Ko’s state machine with Takahashi’s “voltage regulator.”
Doing so would have improved Takahashi’s ability to reduce power consumption
in its integrated circuit device, including power consumption due to leakage
currents.

207. For example, in the embodiment of Figures 11-17, Takahashi
discloses that the “[v]oltage regulator 100 controls the levels of source voltages
Vadi, Vaaz, and Vaas supplied to device 200 using predetermined optimum values

according to control signal Sc indicating control data DAT and the operating

> As I explained in my analysis of claim 3 above, it is my opinion that Takahashi
by itself discloses and renders obvious employing a state machine. However, to
the extent that Takahashi alone fails to render claim 3 obvious, it is my opinion
that Takahashi in combination with Ko renders obvious employing a state
machine as recited by claim 3.
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condition of the device.” MTK-1004, [0109]. When the “status control signal
Sc” indicates that the “device 200” is operational, the “voltage regulator 100”
outputs voltages as shown in Figures 14 and 16. Id., [0112]-[0117]. On the other
hand, when the “status control signal Sc¢” indicates that the “device 200 is in
standby, the “voltage regulator 100” outputs the reduced voltages shown in

Figures 15 and 17. Id.
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MTK-1004, FIGS. 16-17 (annotated).

208. To the extent that Takahashi’s “voltage regulator” does not itself
disclose or render obvious employing a state machine to change the output states
of the “source voltages” (e.g., “Vad1, Vdaz, and Vaa3”), it would have been obvious
to do so in view of Ko. Moreover, a POSITA would have understood that not all
of the circuits in Takahashi’s “device 200" require power at all times, even when
the “device 200 itself is operating. For example, in the embodiment of Figures

11-17, “source voltage Vaas” 1s provided to “another control circuit 70 that has
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“Wake up logic.” MTK-1004, [0112]-[0117], FIGS. 14-17. In my opinion, a
POSITA would have understood (as its name suggests) that the “Wake up logic”
is only operated while the “device 200 is returning to the operational state from
the “standby (Sleep mode).” Thus, a POSITA would have understood that the
“Wake up logic” can be returned to a standby state after it completes its “wake
up” function. In Takahashi, however, even after the “Wake up logic” completes
its function, the “voltage regulator” in Takahashi continues to provide it with an

2

operational “source voltage Vqaz.” Thus, while Takahashi’s system addresses
power consumption and reduces leakage current, a POSITA would have
understood that it was capable of improvement to further reduce overall power
consumption. MTK-1004, [0110]-[0117].

209. Additionally, as I explained in my analysis of elements 1[p] and 1[b]
above, a POSITA would have found it obvious for Takahashi’s “device 200” to
include additional power islands, such as other memories, logic circuits,
microprocessor cores, DSP cores, or peripheral circuits as shown in Takahashi’s
Figure 10. MTK-1004, [0087]-[0095]. Like the “Wake up logic” above, a
POSITA would have understood that some power islands could be powered down
during operation of the “device 200" to conserve power. For example, a POSITA
would have understood that certain processor or DSP cores could be put into a

standby state when not in use, and that peripheral circuits are often able to be

powered down when they are inactive.
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210. A POSITA would have understood that Ko provides the capability
to selectively power down specific circuits within the device that is absent from
Takahashi. MTK-1006, 2:63-3:6, 7:20-50. For example, Ko discloses a
“wireless communication apparatus” having “a plurality of logic modules that
include logic for performing data processing operations.” MTK-1006, 7:32-50.
To conserve power in Ko’s device, a “power state controller 45 ... utilizes state
machines” to power down “logic modules” when they are not in use. Id., 2:63-
3:6, 7:32-50, 9:42-50 (“Referring again to FIG. 4, in some applications, it may be
desirable to power-down one or more of the logic modules independently of the
remaining logic modules, in order to reduce current consumption.”).

FIG. 4 diagrammatically illustrates pertinent portions
of exemplary embodiments of a  wireless
communication apparatus according to the invention.
The wireless communication apparatus of FIG. 4
includes an antenna structure 41 for permitting
communication via an air interface 42. A data
processing apparatus 43 can perform data processing
operations related to the communications on air
interface 42. A wireless communication interface can
utilize conventional techniques to interface the data
processing apparatus 43 to the antenna structure 41. A
user interface 44 can use conventional techniques to
interface the data processing apparatus 43 to a user of
the wireless communication apparatus.

The data processing apparatus 43 includes a plurality of
logic modules that include logic for performing data
processing operations, and state retention registers for
storing data associated with the data processing
operations. These registers are constructed from
corresponding pluralities of state retention flip-flops,
for example the state retention flip-flops illustrated in
FIGS. 2, 3 and 8-10. The data processing apparatus 43
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further includes a power state controller 45 which, in
some embodiments, utilizes state machines to provide
appropriate control signals to the header switches and
logic modules. As shown in FIG. 4, the power state
controller provides control signals UP/DN to the
respective header switches, and provides control
signals REST, RETZ (described hereinbelow) and
SAVE for distribution to each of the logic modules. The
power state controller 45 activates these control signals
appropriately to implement the exemplary operations
described above with respect to FIGS. 2, 3 and 8-10.

MTK-1006, 7:20-50.
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MTK-1006, FIG. 4.
211. Because Takahashi and Ko are commonly owned references that
provide a similar solution (i.e., the use of MOS switches to place power islands
into standby modes) to a similar problem (i.e., power consumption, and in

particular power consumption due to leakage currents), a POSITA would have
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been motivated to combine the two references to further reduce the power
consumption in Takahashi’s system. Specifically, a POSITA would have
naturally looked to employ Ko’s “state machine” in Takahashi’s “voltage
regulator” to selectively power down circuits in Takahashi’s “device 200.” By
selectively putting certain circuits into “standby (Sleep mode),” overall power
consumption of the device is reduced, thereby addressing the problem of
extending battery life in mobile devices. MTK-1004, [0002]; MTK-1006, 1:21-
31.

212. In my opinion, a POSITA would have readily implemented Ko’s
“state machine” with Takahashi’s “voltage regulator” to control the power state
of individual circuits with a reasonable expectation of success. At the time of the
077 Patent, the use of state machines already was a well-known solution for
efficiently controlling an integrated circuit. As such, a POSITA would have
needed only routine electrical and computer engineering principles to employ a
state machine with Takahashi’s “voltage regulator.” As just one example, a
POSITA would have understood how to use Ko’s “state machine” to set the
individual “source voltages Vaa1, Vaaz, and Vags” to the appropriate levels for an
operational or standby state depending on whether the respective circuits powered
by those “source voltages” were in use. Doing so would require the same level
of programming as in Ko, where “state machines” are used to “provide
appropriate control signals to the header switches and logic modules” to put them

into operational or standby states. MTK-1006, 7:38-43. Combining Ko with
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Takahashi in this way would predictably reduce the overall power consumption
of Takahashi’s “device 200,” by reducing the power consumption of individual
circuits that are put into “standby (Sleep mode)” even while other circuits in the
“device 200 remain operational.

213. Therefore, it is my opinion that a POSITA would have been
motivated to combine Takahashi with Ko and would been capable of doing so
with a reasonable expectation of success.

3. Claim 3

214. Claim 3 recites “[t]he method as claimed in claim 2 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” In my opinion, to the extent that Takahashi alone does not
render obvious claim 3, the combination of Takahashi and Ko renders obvious
claim 3.

215. Ko discloses a “power switching arrangement” in which “a suitable
transistor is provided as a header switch for selectively (in response to the signal
UP/DN) connecting and disconnecting the module level power supply VDD to

and from the chip level (permanent) power supply VCC.” MTK-1006, 2:63-3:6.
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216. Notably, Ko’s use of a “header switch” is similar, as shown below,

to Takahashi’s use of the “switching circuit 20” to connect and disconnect power

from its “logic circuit 10.” See MTK-1004, [0051]-[0053].
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MTK-1006, FIG. 1 (annotated, left); MTK-1004, FIG. 1 (annotated, right).
217. Ko discloses that its power switching technique can be applied to “a

wireless communication apparatus” having multiple logic modules, so that it may
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“power-down one or more of the logic modules independently of the remaining

logic modules, in order to reduce current consumption.” Id., 7:20-50, 9:42-63,

FIG. 4. To do so, Ko’s “wireless communication apparatus” includes a “power

state controller 45 that “utilizes state machines to provide appropriate control

signals to the header switches and logic modules.” /d., 7:38-42. “The power state

controller 45 activates these control signals appropriately” so that the logic

modules in use receive power while unused logic modules are put into a low-

power standby mode. Id., 7:32-50. Ko shows the “power state controller 45” in

Figure 4, below. There, the “power state controller provides control signals

UP/DN to the respective header switches” to connect and disconnect the logic

modules from the system power “VCC.” 1d., 7:42-47; see also id., F1G. 1.
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MTK-1006, FIG. 4 (annotated).
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218. Based on Ko’s teachings, a POSITA would have found it obvious to
employ a state machine in Takahashi’s “voltage regulator.” Doing so would
enable Takahashi’s system to conserve additional power by putting individual
circuits in the “device 200” into standby when not in use, even while other circuits
in the “device 200” remain operational. For instance, Takahashi’s “voltage
regulator 100” would employ Ko’s “state machine” to provide “source voltage
Vaaz” at 1.2V to the “Wake up logic” of “control circuit 70” when the “device
200 is coming out of standby, and to lower “source voltage V443 to the standby
level of 0.7V once it has completed its “Wake up” function, even while other

circuits in the “device 200” remain operational. MTK-1004, [0110]-[0117],

FIGS. 14-17.
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MTK-1004, FIG. 16 (annotated).
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BitBitBit| Vddi Vdd2 Vdds Process

Active 12 1 0| SWTr | SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0| 0 0 0 1.2v 1.2V | 1.20V |Weak
Fuse prog-1| 0 0 1 | LISV | 115V 1.15V |[NTPW,NWPT
Fuse prog-2| 0 1 0| 1.05V | 1.05V | 1.05V |TYPC,NSPW,NWPS
Fusc prog-3| 0 1 1| 0.95V | 0.95V | 0.95V |[NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.85V | 0.85V | 0.85V Strong
FIG. 14
BitBitBit| Vdd: Vdd2 Vdds Process
Sleep 2 10| SWTr| SWTr | Wake requirement
Mode Source | Gate |up logic
(TVDD)
Fuse prog-0{ 0 0 0 | 0.7V 1.0V 0.7V | Weak
Fuse prog-1| ¢ 0 1 | 0.7V 1.0V 0.7V |NTPW,NWPT
Fuse prog-2| 0 1 0 | 0.7V 1.0V 0.7V |TYPC,NSPW,NWPS
Fuse prog-3|{ 0 1 I | 0.7V 1.0V 0.7V [NSPT,NTPS
Fuse prog-4{ 1 0 0 | 0.7V 1.0V 0.7V |Strong

FIG. 15

MTK-1004, FIGS. 14-15 (annotated).

219. In my opinion, a POSITA would have had a reasonable expectation
of success in combining Ko with Takahashi in this way. As discussed above, it
would have required a simple modification of Takahashi’s “voltage regulator” to
employ Ko’s “state machine” for controlling the putting to sleep and taking out
of sleep of the “logic circuit 10,” “control circuit 70,” and other power islands.
Employing Ko’s “state machine” in this way would have required merely routine
electrical or computer programming knowledge and was a task well within the
skill of a POSITA. Id.

220. Additionally, integrating Ko’s “state machine” to power-down
unused circuits while other circuits of the “device 200 remain in operation would
have had the predictable effect of reducing the overall power consumption of the

“device 200.” Thus, incorporating Ko’s “state machine” with Takahashi’s

121



“voltage regulator” would improve Takahashi’s ability to “reduce the power
consumption in order to allow [mobile communication terminals] to operate for
a long time.” MTK-1004, [0002].

221. Itis therefore my opinion that the combination of Takahashi and Ko
renders obvious claim 3.

4. Claim 12

222. Claim 12 recites “The method as claimed in claim 11 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” To the extent that Takahashi alone does not render obvious
claim 12, the combination of Takahashi and Ko renders obvious claim 12 for at
least the reasons discussed above with respect to claim 3, the discussion of which
is incorporated herein by reference.

C.  Analysis of Takahashi in View of Schutz with Respect to
Claims 5 and 14

223. For the reasons articulated in detail below, and based on my review
of the 077 Patent, and the Takahashi and Schutz references, it is my opinion that
a POSITA would have readily understood that the combination of Takahashi and
Schutz renders obvious claims 5 and 14 of the 077 Patent.

1. Overview of Schutz

224. Schutz is titled “Integrated Circuit Device that Selects Its Own
Supply Voltage by controlling a Power Supply.” Schutz defines the Field of the
Invention as “supplying electrical power to circuits, and more specifically to

integrated circuit devices that select their own supply voltage by controlling a
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separate power supply.” MTK-1007, 1:7-11. Schutz issued in 1995 to Intel
Corporation.

225. Schutz explains that its “invention addresses two problems
associated with the operational voltage (i.e., the power supply voltage) of today’s
microprocessors and other integrated circuit devices (ICs).” Id., 1:7-36. First,
Schutz states that its invention addresses problems associated with reducing the
operational voltage of integrated circuits. Schutz explains that while “the
operational voltages of today’s microprocessors are progressively being
decreased in order to optimize performance and reduce power consumption,”
doing so “poses problems for both computer system manufacturers and
microprocessor manufacturers” that have to build their systems to operate with
lower voltages. Id., 1:16-26, 1:37-2:7. Second, Schutz states that its invention
addresses problems associated with meeting device performance requirements in
the presence of temperature and other variations. Schutz explains that “[h]aving
to guarantee microprocessor operation over a full range of supply voltages and
temperatures unduly limits the upper frequency specification because only certain
supply voltage and temperature combinations exhibit slower performance.” Id.,
1:26-36, 2:8-42.

226. To address these challenges, Schutz developed an “integrated circuit
device 10 [that] selects the supply voltage 16 based on a plurality of

predetermined operational voltages and the temperature of integrated circuit
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device 10.” Id., Abstract, 6:31-35. Schutz depicts an example of this system in

Figure 2.
Figure 2
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MTK-1007, FIG. 2.

227. The “integrated circuit 10” of Figure 2 has an “IC voltage control
circuit 12 [that] includes an IC temperature sensor circuit 32, a device
characteristics map 34, a voltage sensor circuit 36, and a voltage control signal
generator 38.” Id., 6:37-41. “The device characteristics map 34 stores
predetermined operational characteristics of integrated circuit device 10,” which
are determined “as part of the manufacturing process ... or during final testing of
the integrated circuit device.” Id., 6:64-66, 7:1-5, 7:24-37.

The predetermined operational voltages may be
programmed into the device characteristics map 34
either as part of the manufacturing process (such as
where the map 34 comprises ROM memory cells) or

during final testing of the integrated circuit device
(such as where the map 34 comprises EPROM,
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EEPROM, or FLASH memory cells). One advantage
of programming after final test is that the
predetermined operational voltages can be selected to
optimize the speed of the particular device. For
example, if during final testing a particular device were
determined to run slow at low voltage and high
temperature  the  corresponding  predetermined
operational voltage could be set high to improve
performance at that temperature.

MTK-1007, 7:24-37.

228. Schutz further explains how the “IC voltage control 12" adapts the
voltage for the integrated circuit. Specifically, the “IC temperature sensor 32”
detects the temperature and provides a “digital temperature value” to the “device
characteristics map 34.” Id., 38-45. “In response to the digital temperature value
generated by the IC temperature sensor 32, device characteristics map 34
provides the corresponding operational voltage value to the voltage control signal
generator 38.” Id.. “The voltage control signal generator 38 generates the voltage
control signals 14 according to the predetermined operational voltage value
indicated by map 34,” in response to which the “programmable power supply 18”
generates the “supply voltage 16.” 1d., 7:42-45. Schutz further explains that “[i]n
a closed-loop design, the voltage control signal generator 38 also receives the
supply voltage 16 as a feedback signal, and adjusts, or fine tunes, the voltage
control signals according to the actual supply voltage 16 sensed.” Id., 7:46-50.
In this way, Schutz’s “integrated circuit device 10” achieves a reliable operation
speed for the “integrated circuit device 10” and reduces power consumption

regardless of manufacturing variations and temperature changes. Id., 1:13-2:45.
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2. Combination of Takahashi and Schutz

229. In my opinion, a POSITA would have been motivated to combine
Takahashi and Schutz.

230. Takahashi and Schutz are both directed to the same field of
endeavor, namely, optimizing power to integrated circuits, including to reduce
power consumption. See MTK-1004, [0001] (“The present invention pertains to
a semiconductor integrated circuit, for example, a semiconductor integrated
circuit by which power consumption can be reduced by suppressing leakage
current.”), [0002] (discussing applications to “mobile communication terminals,
compact solid-state audio players, and portable semiconductor devices, such as
laptop personal computers™), [0017]; MTK-1007, Title, Abstract, 1:7-10 (“The
present invention relates generally to supplying electrical power to circuits™),
1:13-2:45 (discussing the benefits of “reduced power consumption” including to
“increase battery life of laptop and notebook computers.”). As I explained above,
the *077 Patent is in the same field of endeavor in that it is also concerned with
optimizing power to integrated circuits and reducing overall power consumption,
including that due to leakage currents. See MTK-1001, Abstract, 1:29-39; 2:37-
50.

231. A POSITA also would have been motived to combine Takahashi and
Schutz because both address the same known problem of providing optimum
voltages to an integrated circuit, and do so in similar ways. As shown below,

Takahashi and Schutz employ a similar device structure in which an integrated
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circuit provides control signals to a voltage regulator or supply, which optimizes

the power provided to the integrated circuit.

Figure 2

MTK-1007, FIG. 2 (annotated, left); MTK-1004, FIG. 1 (annotated, right)

232. As I discussed above, Takahashi discloses optimizing “source
voltages” supplied to the “logic circuit 10” and other power islands “according to
the driving capabilities of the transistors” in the circuit and the operating status
of the device. See MTK-1004, [0099]-[0100]. Schutz takes a similar approach
to optimizing the voltages provided to its “integrated circuit device 10.”
Specifically, Schutz “optimize[s] the high speed or high frequency performance”
of the device by adjusting its “supply voltage 16” depending on temperature and
the device’s “manufacturing process,” “intended use,” and “performance
characteristics.” See MTK-1007, Abstract, 5:14-18, 7:5-8.

233. Takahashi and Schutz determine these optimal voltages in the same

way—by testing the devices during manufacturing to determine their
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characteristics, then programming the devices based on the results of the device
testing. MTK-1004, [0098]-[0109]; MTK-1007, 5:14-34, 6:64-7:37.

In order to instruct voltage regulator 100 of 5 different
levels of source voltage, 3-bit control data DAT are
needed. Here, assume, for example, that control data
DAT comprise 3 bits of data D2, D1, and DO. After the
production process for device 200 is completed, it is
measured using a test circuit in order to extrapolate the
driving capabilities of the pMOS transistor and the
NMOS transistor constituting device 200 according to
the result of the measurement, so that the condition of
device 200 under the process requirements shown in
FIG. 13 can be determined. Because fusing circuit 202
can be programmed to set the respective fuses to
desired conditions according to the condition of device
200, control data DAT in accordance with the condition
of device 200 are output by fusing circuit 202. Voltage
regulator 100 controls the levels of source voltages
Vadi, Va2, and Vaa3 supplied to device 200 using
predetermined optimum values according to control
signal SC indicating control data DAT and the
operating condition of the device.

MTK-1004, [0109]; see generally id., [0098]-[0100], [0109]-[0117].

The predetermined operational voltages may be
programmed into the device characteristics map 34
either as part of the manufacturing process (such as
where the map 34 comprises ROM memory cells) or
during final testing of the integrated circuit device
(such as where the map 34 comprises EPROM,
EEPROM, or FLASH memory cells). One advantage
of programming after final test 1is that the
predetermined operational voltages can be selected to
optimize the speed of the particular device. For
example, if during final testing a particular device were
determined to run slow at low voltage and high
temperature  the  corresponding  predetermined
operational voltage could be set high to improve
performance at that temperature.
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In response to the digital temperature value generated
by the IC temperature sensor 32, device characteristics
map 34 provides the corresponding predetermined
operational voltage value to the voltage control signal
generator 38. The voltage control signal generator 38
generates the voltage control signals 14 according to
the predetermined operational voltage value indicated
by map 34.

MTK-1007, 7:24-37; see generally id., 4:55-5:18, 6:64-7:45, 8:12-28, FIG. 3.

234. During operation, Takahashi and Schutz use this programming to
determine the optimum supply voltages for their respective integrated circuits.
Specifically, Takahashi’s “voltage regulator 100 receives “control data DAT”
stored in “fusing circuit 202,”and “generates source voltages Vadi, Vda2, and Va3
using optimum values ... according to control data DAT and control signal SC
indicating the operating status of device 200, and outputs them into device 200.”
MTK-1004, [0098], [0117]. Similarly, Schutz’s “IC voltage control circuit 12”
“selects one of the predetermined operational voltages stored in the device” that
is the “optimized operational voltage for the measured device temperature,” such
that the optimal voltage is then “generated by the programmable power supply”
and provided to the integrated circuit device. MTK-1007, 8:11-28.

235. A POSITA would therefore understand that both Takahashi and
Schutz reduce “the effect of variations in the production process” by powering
their devices using “optimum source voltages in accordance with the process
requirements of the circuit elements constituting the device.” MTK-1004, [0117];

MTK-1007, 7:5-37 (“[t]he device characteristics map 34 stores predetermined
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operational characteristics of integrated circuit device 10” such that “[t]he
predetermined operational voltages may be chosen to optimize the high speed or
high frequency performance of integrated circuit device 10 at a given
temperature”), 8:12-19.

236. In my opinion, these similarities between Takahashi and Schutz
would have motivated a POSITA to implement Schutz’s teachings of voltage
optimization into Takahashi’s system, to further improve Takahashi’s ability to
optimize the voltages provided to “device 200.”°

237. As discussed above, Takahashi’s integrated circuit of Figures 11-17
programs “control data DAT” into the “fusing circuit 202” to account for the
“driving capabilities of the pMOS transistor and the nMOS transistor [that] vary
due to variations during the production process.” MTK-1004, [0099]. During
operation, the “voltage regulator 100 generates the “source voltages Vddi, Va2,
and Vaa3” for “device 200 based on the “control signal Sc” that indicates the
operating state of the device and the “control data DAT” that indicates the
transistor characteristics. /d., [0098]-[0117], [0123]. In this way, Takahashi can

optimize the “source voltages” to reduce the effects of process variation and

® As I explained in my analysis of claim 5 above, it is my opinion that Takahashi
by itself renders obvious the features of claim 5. However, to the extent that
Takahashi alone fails to render claim 5 obvious, it is my opinion that Takahashi
in combination with Schutz renders obvious optimizing a voltage based on
process and temperature variations as recited by Claim 5.
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improve device performance, including reducing power consumption due to
leakage currents.

238. However, at the time of the 077 Patent a POSITA would have
understood that the optimum voltages to provides the “device 200 also depends
on other factors. As I explained at claim 5 above, it was well-known at the time
that transistor performance is dependent on both process variation and
temperature variation. See Section VIII.C.6 (citing references describing
transistor performance dependence on process and temperature variations). Thus,
even though Takahashi optimizes the “source voltages Vadi, Vda2, and Vaa3” for
process variation, those voltages may not be the most optimal voltages for the
“device 200.” MTK-1004, [0117]. In my opinion, A POSITA would have
therefore understood that the device performance could be further improved by
optimizing the voltages generated by the “voltage regulator 100” to account for
temperature variations in addition to process variations. To implement such
improvements, a POSITA naturally would have looked to references such as
Schutz, which issued in 1995 to Intel Corporation, a well-known company in the
field.

239. Schutz provides one solution for optimizing the voltages provided
to an “integrated circuit device” to account for temperature variations in addition
to process variations.

The specification describes an integrated circuit device

that selects its own supply voltage by controlling a
programmable power supply. The programmable
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power supply provides a supply voltage in response to
one or more voltage control signals generated by the
integrated circuit device. The integrated circuit device
includes a voltage control circuit for generating the
voltage control signals according to one or more
predetermined operational voltages programmed into
the integrated circuit device such that the supply
voltage is substantially equal to a selected one of the
predetermined operational voltages. The integrated
circuit device may include a temperature sensor to
allow selection of the predetermined operational
voltage according to device temperature to avoid
speed-limiting voltage and temperature combinations.

MTK-1007, Abstract; see also id., 8:13-19 (explaining that the “optimized
operational voltage” may be based on the “measured device temperature” and
“other factors including ... manufacturing characteristics or the intended
application of the device”).

240. As Schutz explains with respect to Figure 2, an “IC temperature
sensor 32 senses the temperature of the device 10 and indicates that temperature
to the device characteristics map 34.” MTK-1007, 6:50-52. “In response to the
digital temperature value generated by the IC temperature sensor 32, device
characteristics map 34 provides the corresponding predetermined operational
voltage value to the voltage control signal generator 38.” Id., 7:38-42. Then,
“voltage control signal generator 38 generates the voltage control signals 14
according to the predetermined operational voltage value indicated by map 34”
and provides the control signals to the “programmable voltage generator 18 to
generate the optimal “supply voltage 16 for the “integrated circuit device 10.”

Id., 7:38-45; see also id., 4:14-18, 8:20-28.
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MTK-1007, FIG. 2.

241. In my opinion, because Takahashi and Schutz provide similar
solutions to a similar problem within the same field, a POSITA would have been
motivated to combine the two references to further optimize the “source voltages”
in Takahashi’s system. For example, a POSITA would have been motivated to
modify Takahashi’s “voltage regulator 100 to employ Schutz’s “IC temperature
sensor” in addition to the “fusing circuit 202.” A POSITA would have understood
that such a modification would have enabled Takahashi’s

to further optimize the ‘“source voltages” based on temperature variation in

addition to process variation.
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242. Further, a POSITA would have readily implemented a temperature
sensor into Takahashi’s system to further optimize the voltages provided to the
“device 200 with predictable results. Temperature sensors were well known in
the art, such that a POSITA would have been able to implement a temperature
sensor in Takahashi’s system using only routine electrical and computer
engineering principles. A POSITA also would have known how to modify
Takahashi’s “voltage regulator 100” to select optimum values for the “source
voltages” provided to “device 200 based on temperature in addition to the
“control data DAT and status control signal Sc.” MTK-1004, [0111]. For
example, a POSITA would have known that the available output states for
Takahashi’s “voltage regulator 100” (e.g., as shown in Figures 13-15 of
Takahashi) could be augmented with additional states that account for variations
in temperature. The similarity between Takahashi’s implementation of these
output states and Schutz’s implementation of these output states would have made

such a modification straightforward for a POSITA to implement.

TABLE 2 BitBitBit| Vddi Vdd2 Vdds Process
. Active |2 1 0| SWTr | SWTr | Wake requirement
predeterained Mode Source | Gate |up logic
operational voltage programmed value (TVDD)
+30 000 Fuse prog-0| 0 0 0 1.2v 1.2V | 1.20V |{Weak
=50 001 Fuse prog-1| 0 0 1 | LISV | 1.15V | 1.15V |[NTPWNWPT
12.0 010 Fuse prog-2| 0 1 0| 1.0SV | 1.05V | 1.05V |TYPC,NSPW,NWPS
33 011 Fusc prog-3| 0 1 1| 0.95V | 0.95V | 0.95V |NSPT,NTPS
25 100 Fuse prog-4| 1 0 0| 0.85V | 0.85V | 0.85V |Strong
1.8 101
15 110 FIG. 14
1.2 111
BitBitBit| Vddi Vdd2 Vdds Process
Sl_czp_ 2 10| SWTr| SWTr| Wake requirement
Mode Source | Gate |up logic
TABLE 3 (TVDD)
0-20° C. 30V 40-50° C. 33V Fuseprog0]| 0 0 0| 0.7V | 1.0V | 0.7V |Weak
10-20° C. 3.1V 50-60° C. 34V Fuse prog-1| 0 0 1| 0.7V | 1.0v | 0.7V |NTPW.NWPT
20-30° C. 32V 60-70° C. 35V Fuse prog-2| 0 1 0 | 0.7V | LOV 0.7V |[TYPC,NSPW,NWPS
30-40° C. 3.2V 70-80° C. 36V Fuse prog-3| 0 1 1 | 0.7V 1.0v 0.7V [NSPT,NTPS
Fuse prog-4| 1 0 0 | 0.7V 1.0V 0.7V |Strong
FIG. 15
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MTK-1007, Tables 2-3 (left); MTK-1004, FIGS. 14-15 (right).
In my opinion, such a combination of Schutz with Takahashi would predictably
optimize the voltages provided to the “device 200 to account for temperature
variations in addition to process variations, thereby further improving the
performance and power consumption in Takahashi’s “device 200.”
243. Therefore, it is my opinion that a POSITA would have been
motivated to combine Takahashi with Schutz and would have been capable of

doing so with a reasonable expectation of success.

3. Claim §

244, Claim 5 recites “[t]he method as claimed in claim 4 wherein the
optimum voltage is dependent upon both process variation and temperature
variation.” In my opinion, to the extent that Takahashi alone does not render
obvious claim 5, the combination of Takahashi and Schutz renders obvious claim
5.

245. As I discussed at element 1[p] and claim 5 of Section VIII.A above,
Takahashi discloses a power manager (i.e., the “voltage regulator’) that generates
optimal voltages for the “device 200 based on the operating state of the device
and the performance characteristics of the transistors in the device. See MTK-
1004, [0117] (“Because voltage regulator 100 generates source voltages Vi,
Vaw, and Vaa3 using optimum values under the respective preset conditions
according to control data DAT and control signal Sc indicating the operating

status of device 200, and outputs them into device 200, optimum source voltages
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in accordance with the process requirements of the circuit elements constituting
the device can be supplied, and the effect of variations in the production process
can be reduced.”).

246. In the same technical field, Schutz discloses an “IC voltage control
circuit 12” that generates an optimum operational voltage for the “integrated
circuit 10” “based on the temperature of the device” and “device characteristics.”
MTK-1007, 6:64-7:37. As I explained above, Schutz does so using an “IC
temperature sensor 32” that detects the temperature of the integrated circuit
device and a “voltage control signal generator 38 that selects an “optimized
operational voltage” for the device based on the measured temperature and a
“device characteristics map 34.” Id., 6:50-7:37, 8:12-18.

247. In my opinion, a POSITA would have found it obvious to modify
Takahashi’s “voltage regulator” in view of Schutz, to generate “source voltages”
that are optimized based upon both process variation and temperature variation.
For instance, it would have been obvious for the “voltage regulator 100” of
Figures 11-17 to receive a temperature signal from a temperature sensor like
Schutz’s “IC temperature sensor 32” in addition to the “control data DAT” that
indicates the “effect of variations in the production process” and the “status
control signal Sc.” MTK-1004, [0098], [0111], [0117], FIGS. 13-17. Based on
these inputs, Takahashi’s “voltage regulator 100” would generate optimum
“source voltages Vadi, Va2, and Va3~ that account for process and temperature

variations along with the operating status of the device. /d.
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248. AsIdiscussed above, the combined Takahashi-Schutz system would
select the optimum values for the “source voltages Vdai, Vda2, and Vaa3” from a
set of states like those depicted in Figures 14-15 of Takahashi, simply modified
to account for temperature variation in addition to the operational mode and
transistor characteristics of the “device 200.” MTK-1004, [0110]-[0111]; MTK-
1007, 4:55-5:27, 6:64-7:23.

249. In my opinion, a POSITA would have had a reasonable expectation
of success in combining Schutz and Takahashi in this way, because the
combination would only require (1) the integration of Schutz’s “IC temperature
sensor 32” into Takahashi’s system, and (2) minor updates to the programming
of the “voltage regulator,” to select its voltage outputs based on temperature in
addition to the “control data DAT and status control signal Sc.” MTK-1004,
[0111]. Integrating Schutz’s “IC temperature sensor 32” into Takahashi’s system
would have required merely routine electrical or computer programming
knowledge and was a task well within the skill of a POSITA. Selecting the
“voltage regulator’s” voltage outputs based on temperature variation in addition
to process variation enables further optimization of those voltages for the “device
200.” A POSITA would have reasonably expected that such improvements
would further improve the performance of the “device 200,” including its ability
to reduce power consumption due to leakage currents. For example, optimizing
the “source voltages” based on both temperature and process variation would

ensure that the “pMOS transistor MPO constituting switching circuit 20 is in the
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super cut-off status during standby” such that “the occurrence of leakage current
at logic circuit 10 is suppressed.” I1d., [0116].

250. It is therefore my opinion that the combination of Takahashi and
Schutz renders obvious claim 5.

4. Claim 14
251. Claim 14 recites “[t]he method as claimed in claim 13 wherein the
optimum voltage is dependent upon both process variation and temperature

2

variation.” To the extent that Takahashi does not render obvious claim 14, the
combination of Takahashi and Schutz renders obvious claim 14 for at least the
reasons discussed above with respect to claim 5, the discussion of which is

incorporated by reference.

D.  Analysis of Mizuno with Respect to Claims 1-18

252. For the reasons articulated in detail below, and based on my review
of the ’077 Patent and the Mizuno reference, it is my opinion that a POSITA
would have readily understood that Mizuno renders obvious all elements of
claims 1-18 of the 077 Patent.

1. Overview of Mizuno

253. Mizuno is titled “Semiconductor Integrated Circuit Device.” MTK-
1005, Title. Mizuno explains that the Field of the Invention is “a semiconductor
integrated circuit device with excellent high speed and low power operation
characteristics.” Id., [0001]. Mizuno explains that “[a]s the chip manufacturing

process progresses towards making smaller and finer chip circuitry, the different
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leakage currents within the chip, including the subthreshold leakage current, gate
tunneling leakage current and GIDL (Gate-Induced Drain Leakage) current
increase.” Id., [0002]. “These leakage currents increase the electrical current
consumption of the chip.” Id. Mizuno proposes systems and methods to address
these leakage currents by reducing the overall power consumption of a device
during standby modes that are caused by leakage currents. See id., [0003]-[0009].
In particular, Mizuno’s “invention ... is capable of reducing the different types
of leakage current (subthreshold leakage current, GIDL current, gate tunneling
current, etc.) while the circuit block is in standby state while still maintain the
information stored in the information retention circuits within the circuit block.
The present invention also allows high speed circuit block operation while the
circuit block is in the operation state.” Id., [0009].

254. To achieve this, Mizuno couples a “leakage current control circuit”
to a “circuit block CKT” in the integrated circuit. /d., Abstract, [0008]-[0009],
[0053]. Mizuno discloses several related embodiments with this structure.

255. Figures 1-30 depict a first embodiment of Mizuno’s integrated

circuit device. MTK-1005, [0052]-[0107].
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MTK-1005, FIG. 1.

FIG. 1 is a circuit diagram showing the basic structure
of the invention. In the figure, CKT denotes the circuit
block, PSW1 denotes the power switch, VDD denotes
a power supply voltage for example with a voltage of
1.0 volts, VVDD denotes the virtual power line, VSS
denotes the ground with a voltage of 0 volts, and PSC
denotes the power switch controller. A circuit block
CKT as shown for example in FIG. 1 contains a logic
circuit LG1 composed of an inverter INV, a NAND
circuit NAND, a NOR circuit NOR and a flip-flop
circuit FF; and a memory MEMI1 composed of a
memory cell array MARY, word decoder DEC and
sensing amplifier SA, etc. The circuit block CKT may
also be comprised only of a logic circuit LGl or a
memory MEM1. One characteristic feature is it (circuit
block) contains information retention circuits such as
the flip-flop FF of the logic circuit LGl and the
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memory cell array MARY. Here, the information
retention circuits are circuits with volatile information
retention functions and that information 1s determined
by the CMOS logic.

The power switch controller PSC controls the on and
off operation of the power switch PSW1 connected
between the power supply VDD and the virtual power
line VVDD. The power switch controller PSC also
controls the current flow in the power supply VDD and
the virtual power line VVDD. A current source is also
connected between the power supply VDD and the
virtual power line VVDD, and limits the current
flowing to the virtual power line VVDD from the
power supply VDD. The circuit block CKT is
connected between the virtual power line VVDD and
the ground VSS and the virtual power line VVDD is
equivalent to an actual power line in the circuit block
CKT. In other words, the current supplied to the circuit
block during operation is mainly supplied from the
power switch PS1; and the current supplied to the
circuit block during standby operation is mainly
supplied to the current source PSW2. Though not
shown in FIG. 1, the voltage of the power supply VDD
is the circuit block C operating voltage and is supplied
from a stable power supply circuit.

MTK-1005, [0053]-[0054].

256. Thus, Mizuno discloses a system in which the power switch
controller turns the power switch PSW1 on or off to control power consumption
within the circuit block CKT. Specifically, “the gate signal PSWGATEI1 of
power switch PSW1 is driven to low level by the power switch controller PSC
and the power switch PSW1 turns on. In this state, power is supplied to the circuit
block CKT by way of the power switch PSW1 so that the virtual power line

VVDD reaches VDD potential and the circuit block CKT is operable (in
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operating state).” Id., [0055]. On the other hand, when “the gate signal
PSWGATEI of power switch PSW1 is driven to high level by the power switch
controller PSC,” the “power switch PSW1 turns off.” Id. As a result, “[t]he
voltage (or voltage potential of virtual power line VVDD gradually discharges”
and “[t]he leakage current flowing to circuit block CKT ... that was initially large
... also gradually becomes a smaller value.” Id.

257. Figures 22-30 of Mizuno provide additional detail about the power

switch controller PSC. MTK-1005, [0092]-[0107].

FIG.22
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MTK-1005, FIG. 22.

FIG. 22 is a structure of the interface for the power
switch controller PSC. The power switch controller
PSC that controls the power switch PSW1 and current
source PSW2 implements control by means of a power
controlling circuit PMG. This allows designing the
circuit block CKT low-leak mechanism separately from
the power controlling circuit PMG that reduces power
consumption in the chip overall. A handshake between
the power controlling circuit PMG and the power
switch controller PSC by means of the request line
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1d., [0093].

258.

switch controller capable of providing this functionality. For example, Figures
23 and 24 of Mizuno describe one possible structure for the power switch
controller that enables the power switch controller to generate an appropriate

voltage for the signal PSWGATEI based on the control signal REQ received

REQ and response line ACK controls the on/off
operation of the power switch PSW1 and controls the
state of the circuit block. Here, setting the request line
REQ to high level turns on the power switch PSW1 and
controls the circuit block CKT in the operation state.
After the power switch PSW1 turns fully on and the
virtual power line VVDD is charged to the voltage
potential of power supply VDD, when the response line
ACK reaches high level, the external section of the
power switch controller (power controlling circuit
PMG) is notified that the circuit block CKT has
switched to the operation state. Conversely, when the
request line REQ is set to low level, the power switch
PSWI1 turns off and the circuit block is controlled to the
standby state. When the power switch PSW1 turns fully
off, and the response line ACK switches to low level,
the external section of the power switch controller is
notified that the circuit block CKT has switched to the
standby state.

In Figures 23-30, Mizuno discloses various structures for the power

from the power controlling circuit PMG.
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MTK-1005, FIGS. 23-24

FIG. 23 is a more detailed structure of the power switch
controller PSC. In the figure, C1 is a drive circuit
(hereafter described as a driving circuit with high
impedance) for the gate signal PSWGATE] having
small drive performance. Also in the figure, C2 is a
drive circuit (hereafter described as a driving circuit
with low impedance) for the gate signal PSWGATEI1
having drive performance larger than C1. Also in the
figure, C3 is a voltage potential detector for the gate
signal PSWGATE]L, C1DRYV is a control circuit for C1,
C2DRV is a control circuit for C2 and TM1 is a timer.
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FIG. 24 is a timing chart for the operation in FIG. 23.
When operation has shifted from standby to the
operation state and the request line REQ reaches high
level, first of all the gate signal PSWGATEI] is driven
to high impedance by C1 by way of the CIDRYV control
circuit for C1. The potential detector C3 detects that the
gate signal PSWGATE]1 was driven to a level (Vthl) at
time T1A, and TRG1 is driven to high level by the timer
TIM1. The gate signal PSWGATEI] is in this way
driven to a low impedance by C2 by way of the C2DRV
control circuit for C2. The timer TM1 measures the
time TA from time T1 to T1A, and after a time TB
established using the specific relation (for example
{fraction (1/2)}) with time TA, (time T1B in the
example in FIG. 24) the response line ACK is driven to
high level. There are no particular restrictions on the
timer characteristics (relation between time TA and
time TB) however the gate signal PSWGATEI is
driven completely to low level at time T1B. Also the
virtual power line VVDD may be fully charged up to
the voltage potential of VDD.

MTK-1005, [0095]-[0096].

259. Mizuno discloses a related embodiment with respect to Figures 35-
40. MTK-1005, [0120]-[0134] (“Of course, the various adaptions and specific
examples disclosed for the first embodiment are also applicable to the leakage
current reduction circuit of the third embodiment.””). The embodiment of Figures
35-40 extends the embodiment of Figures 1-30 to control the leakage currents
through multiple circuits in a device using “multiple leakage control circuits
[PSM2a, PSM2b].” Id., [0122]. Mizuno explains that “[b]y establishing multiple
leakage control circuits as in FIG. 35, and controlling the leakage current of
circuits grouped in multiple circuits integrated on the chip, the leakage current of

the overall chip can be efficiently reduced.” Id.
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MTK-1005, FIG. 35.

260. In the example of FIG. 35, for instance, PSM2a controls power
provided to the circuit block CKT2a and PSM2b controls power provided to the
circuit block CKT2b. Id., [0121]. By powering the circuit blocks CKT2a, CKT2b
only when necessary, overall power consumption of the chip can be reduced, even
where other circuit blocks CKT1 and CKT3 require power at all times. 1d.

2. Claim 1
(a) Element 1[p]

261. The preamble of claim 1 recites “[a] method carried out in an
integrated circuit that includes an adaptive leakage controller, a power manager
and a plurality of power islands, the method comprising.” Mizuno discloses and
renders obvious the preamble of claim 1.

262. Mizuno is titled “Semiconductor Integrated Circuit Device” and

relates to methods carried out in “a semiconductor integrated circuit device with
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excellent high speed and low power operation characteristics.” MTK-1005, Title,
[0001]. For example, both of the related embodiments of Figures 1-30 and 35-
40 are integrated circuit devices. See generally id., FIGS. 1-30, 35-40.

263. Mizuno’s integrated circuit device comprises a plurality of power
islands. For example, as shown in Figure 1, Mizuno’s integrated circuit includes
a “circuit block CKT ... contain[ing] a logic circuit LG1 composed of an inverter
INV, a NAND circuit NAND, a NOR circuit NOR and a flip-flop circuit FF; and
a memory MEM1 composed of a memory cell array MARY, word decoder DEC

and sensing amplifier SA, etc.” MTK-1005, [0053].
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MTK-1005, FIG. 1
264. In my opinion, a POSITA would have understood and otherwise
found it obvious that Mizuno’s “logic circuit LG1” and “memory MEM1,” both
individually and collectively, are power islands. The *077 Patent describes a
power island as any “section, delineation, partition, or division of an integrated
circuit where power consumption is controlled within the section, delineation,
partition, or division.” Id., 3:65-4:1. Mizuno’s circuit block CKT, including the

logic circuit LG1 and memory MEMI1, are individually and collectively portions
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of an integrated circuit device where the power consumption is controlled within
the portion of the integrated circuit. See MTK-1005, [0054].

265. Specifically, when the circuit block CKT is in an “operating state,”
“power is supplied to the circuit block CKT by way of the power switch PSW1
so that the virtual power line VVDD reaches VDD potential and the circuit block
CKT is operable.” Id., [0055]. On the other hand, when the circuit block CKT
is in “standby,” the “power switch PSW1 turns off” and the “voltage (or voltage
potential) of virtual power line VVDD gradually discharges due to the current
leakage from virtual power line VVDD of circuit block CKT to ground VSS.”

1d., [0054]-[0055]. This process is shown in Figure 2 of Mizuno.

FIG.2
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MTK-1005, FIG. 2.
266. Mizuno explains that “[a]s the voltage of the virtual power line
VVDD becomes lower ... [t]he leakage current flowing to circuit block CKT ...

also gradually becomes a smaller value.” Id., [0055]. As a result, “power
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consumption due to leakage current in the standby state can be greatly reduced.”
1d., [0087].

267. Mizuno’s other embodiments also depict an integrated circuit with a
plurality of power islands. In the related embodiment of Figures 35-40, for
example, Mizuno’s integrated circuit has multiple “circuit blocks” CKT]I,

CKT2a, CKT2b, CKT3 that are each a power island.

FIG.35
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MTK-1005, FIG. 35.
268. Mizuno describes that each of these circuits blocks is a different
portion of the chip CHP1 with a different function.

FIG. 35 is a block circuit diagram of the chip CHP1
structure of the present invention. Most of the signal
wiring and power supply grounds have been omitted
from the drawing for simplicity. The circuit block
CKT1 is a circuit block supplied with power directly
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from a power supply VDD and not by way of the
leakage reduction circuit of the present invention.
Circuit blocks CKT2a and CKT2b are circuit blocks
supplied with power from the power supply VDD by
way of the leakage reduction circuits PSM2a and
PSM2b of the present invention. The circuit block
CKT3 is a circuit block is supplied with power directly
from a power supply VCC different from the power
supply VDD and not by way of the leakage Reduction
circuit of the present invention. ... The circuit block
CKT1 in FIG. 35 is a circuit requiring that power be
constantly applied. These for example are circuits to
control the leakage reduction circuits PSM2a and
PSM2b, real time clocks (RTC), interrupt handling
circuits, a DRAM refresh circuit, a memory, etc. The
circuit block CKT3 is an I/O circuit.

MTK-1005, [0121].

269. Power consumption is controlled within each of these portions of the
chip CHP1. For example, power consumption within each of the circuits CKT2a
and CKT2b is controlled by the “leakage reduction circuits PSM2a and PSM2b”
that operate similarly to the leakage reduction circuitry in the embodiment of
Figures 1-30. See MTK-1005, [0125]-[0128] (The structure of FIG. 38 can also
utilize the method for applying the voltage VFNL to the virtual power line VVDD
during standby as in the structure in FIG. 17. The PSW2 of FIG. 38 is not required
in this case. Two types of control methods may be used in this case. In the first
method, the VDD voltage is applied to VREF during operation as described
above, and the power supply voltage VDD is applied to the virtual power line
VVDD2a. During standby the VFNL (<VDD) voltage is applied to VREF, and

the voltage VFNL is supplied to the virtual power line VVDD2a. The voltage
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source VFNLGEN was required by the structure of FIG. 17, however this
structure (FIG. 38) has the advantage of being able to use an operational amplifier
OPAMP and power switch PSW1 instead.”), [0130] (“Of course the various
adaptations and specific examples disclosed for the first embodiment are also
applicable to the leakage current reduction circuit of the third embodiment.”),
FIG. 38. Thus, it is my opinion that Mizuno discloses and renders obvious to a
POSITA an integrated circuit that includes multiple power islands. For instance,
based on the embodiment of Figures 35-40, a POSITA would have found it
obvious for the integrated circuit of Figures 1-30 to include multiple power
islands (e.g., multiple circuit blocks “CKT”) whose power consumption is
individually controlled.

270. In my opinion, Mizuno also discloses and renders obvious that the
integrated circuit includes a “power manager.” Specifically, Mizuno’s integrated
circuit device has a “power switch controller PSC” for controlling the power
consumption of the power islands. MTK-1005, [0054], [0093]. Examples of
Mizuno’s power switch controller PSC are shown in Figures 1 and 22, which 1

have annotated below.
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FIG.22
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271. Mizuno explains that the “power switch controller PSC controls the
on and off operation of the power switch PSW1 connected between the power
supply VDD and the virtual power line VVDD” that “is equivalent to an actual
power line in the circuit block CKT.” MTK-1005, [0054].

The power switch controller PSC controls the on and
off operation of the power switch PSW1 connected
between the power supply VDD and the virtual power
line VVDD. The power switch controller PSC also
controls the current flow in the power supply VDD and
the virtual power line VVDD. A current source is also
connected between the power supply VDD and the
virtual power line VVDD, and limits the current
flowing to the virtual power line VVDD from the
power supply VDD. The circuit block CKT is
connected between the virtual power line VVDD and
the ground VSS and the virtual power line VVDD is
equivalent to an actual power line in the circuit block
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CKT. In other words, the current supplied to the circuit
block during operation is mainly supplied from the
power switch PSI; and the current supplied to the
circuit block during standby operation is mainly
supplied to the current source PSW2. Though not
shown in FIG. 1, the voltage of the power supply VDD
is the circuit block C operating voltage and is supplied
from a stable power supply circuit.

1d., [0054].

272. Mizuno explains that “[g]enerally, the smaller the voltage of the
virtual power line VVDD, the smaller the value loff(CKT) becomes.” Id., [0059].
Thus, “the size of the respective leakage currents ... during standby in the circuit
block are determined by the current source PSW2” and “is smaller than the
leakage current flowing in the circuit block CKT during operation.” Id., [0059].

273. Similarly, Mizuno’s integrated circuit in the related embodiment of
Figures 35-40 includes “leakage reduction circuits PSM2a and PSM2b” that are
used to control power consumption of the “[c]ircuit blocks CKT2a and CKT2b.”

1d., [0121].
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MTK-1005, FIG. 35 (annotated).

FIG. 35 is a block circuit diagram of the chip CHP1
structure of the present invention. Most of the signal
wiring and power supply grounds have been omitted
from the drawing for simplicity. The circuit block
CKT1 is a circuit block supplied with power directly
from a power supply VDD and not by way of the
leakage reduction circuit of the present invention.
Circuit blocks CKT2a and CKT2b are circuit blocks
supplied with power from the power supply VDD by
way of the leakage reduction circuits PSM2a and
PSM2b of the present invention. The circuit block
CKT3 is a circuit block is supplied with power directly
from a power supply VCC different from the power
supply VDD and not by way of the leakage Reduction
circuit of the present invention. ... In the same figure,
CTLa, CTLD are leakage control lines of the leakage
reduction circuit of the present invention and
equivalent to the request line REQ and response line
ACK of FIG. 22. The circuit block CKT1 in FIG. 35 is
a circuit requiring that power be constantly applied.
These for example are circuits to control the leakage
reduction circuits PSM2a and PSM2b, real time clocks
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(RTC), interrupt handling circuits, a DRAM refresh
circuit, a memory, etc.

Id., [0121].

274. Inmy opinion, a POSITA would have understood and found obvious
that Mizuno’s “power switch controller PSC” (and the corresponding portions of
the “leakage reduction circuits PSM2a and PSM2b”) is a power manager. While
the 077 Patent does not describe a “power manager” in its written description,
the *077 Patent does briefly describe a “power island manager.”

The power island managers 220, 222, and 224 are any
circuitry, device, or system configured to provide
control signals to a power island to control power
within the power island. The power island managers
220, 222, and 224 can dynamically change the power
consumption of the power islands based on the needs
and operation of the integrated circuit 200. The power
island managers 220, 222, 224 may select a clock,
change clock frequency, or modify the voltage within

the power island to control the power consumption of
the power island.

MTK-1001, 4:11-20; see also id., 3:49-55.

275. Like the 077 Patent’s “power island manager” that “control[s]
power within the power island,” Mizuno’s “power switch controller” (and
“leakage reduction circuits” that each include a “power switch controller”)
controls the power within the “circuit block CKT.” See id. Specifically,
Mizuno’s “power switch controller” provides the control signal PSWGATEI that
is a variable voltage. Based on the PSWGATEI signal, voltage within the “circuit

block CKT” power island is modified to control the power consumption of the
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“circuit block CKT” (e.g., to increase power consumption during operation by
providing a higher voltage and current and decreasing power consumption during
standby by providing a lower voltage and current). See MTK-1005, [0054]-
[0055], [0093].

276. In my opinion, Mizuno also discloses that its integrated circuit
includes an “adaptive leakage controller” as required by Claim 1 of the *077
Patent. Specifically, Mizuno explains that its integrated circuit device includes a
“power controlling circuit PMG that reduces power consumption in the chip

overall.” MTK-1005, [0093].

FIG.22
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MTK-1005, FIG. 22 (annotated).
277. Mizuno explains that the “power controlling circuit PMG” controls

the “power switch controller PSC by means of the request line REQ and response
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line ACK.” MTK-1005, [0093]. Mizuno provides additional explanation of the
“power controlling circuit PMG” with respect to Figure 22.

FIG. 22 is a structure of the interface for the power
switch controller PSC. The power switch controller
PSC that controls the power switch PSW1 and current
source PSW2 implements control by means of a power
controlling circuit PMG. This allows designing the
circuit block CKT low-leak mechanism separately from
the power controlling circuit PMG that reduces power
consumption in the chip overall. A handshake between
the power controlling circuit PMG and the power
switch controller PSC by means of the request line
REQ and response line ACK controls the on/off
operation of the power switch PSW1 and controls the
state of the circuit block. Here, setting the request line
REQ to high level turns on the power switch PSW1 and
controls the circuit block CKT in the operation state.
After the power switch PSW1 turns fully on and the
virtual power line VVDD is charged to the voltage
potential of power supply VDD, when the response line
ACK reaches high level, the external section of the
power switch controller (power controlling circuit
PMG) is notified that the circuit block CKT has
switched to the operation state. Conversely, when the
request line REQ is set to low level, the power switch
PSWI1 turns off and the circuit block is controlled to the
standby state. When the power switch PSW1 turns fully
off, and the response line ACK switches to low level,
the external section of the power switch controller is
notified that the circuit block CKT has switched to the
standby state.

1d., [0093].
278. Similarly, with respect to the embodiment of Figures 35-40, the
“circuit block CKT1” is an “adaptive leakage controller” that provides control

signals over “leakage control lines” CTLa, CTLb to the “leakage reduction
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circuits PSM2a and PSM2b” to control change the leakage of the “[c]ircuit blocks

CKT2a and CKT2b.” Id., [0121].

FIG.35 o

VDD Power Managers VCC

CTLbl—VVDD2a
MP23
Adaptive
Leakage
Controller MN23
CKT3
Power
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MTK-1005, FIG. 35 (annotated).

FIG. 35 is a block circuit diagram of the chip CHP1
structure of the present invention. Most of the signal
wiring and power supply grounds have been omitted
from the drawing for simplicity. The circuit block
CKTI is a circuit block supplied with power directly
from a power supply VDD and not by way of the
leakage reduction circuit of the present invention.
Circuit blocks CKT2a and CKT2b are circuit blocks
supplied with power from the power supply VDD by
way of the leakage reduction circuits PSM2a and
PSM2b of the present invention. The circuit block
CKT3 is a circuit block is supplied with power directly
from a power supply VCC different from the power
supply VDD and not by way of the leakage Reduction
circuit of the present invention. ... In the same figure,
CTLa, CTLD are leakage control lines of the leakage
reduction circuit of the present invention and
equivalent to the request line REQ and response line
ACK of FIG. 22. The circuit block CKT1 in FIG. 35 is
a circuit requiring that power be constantly applied.
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These for example are circuits to control the leakage
reduction circuits PSM2a and PSM2b, real time clocks
(RTC), interrupt handling circuits, a DRAM refresh
circuit, a memory, etc.

Id., [0121].

279. Thus, the “power controlling circuit PMG” provides the “circuit
block CKT” an operating voltage VDD through “power switch PSW1” when in
an active mode and provides a lower voltage through “current source PSW?2 [that]
functions as a leak current limited circuit for circuit block CKT” when in standby
(i.e., sleep) mode. MTK-1005, [0057]. For example, in Figure 24, when
Mizuno’s “power controlling circuit PMG” sets “REQ” to a high level, the
voltage “VVDD” to the “circuit block CKT” is increased to VDD and the current
in the “circuit block CKT” reaches its operational current. MTK-1005, [0096];
see also Id., [0066], FIG. 5. On the other hand, when the “power controlling
circuit PMG” sets “REQ” to a low level, the voltage “VVDD” decreases to
“VRTN” and the leakage current through “circuit block CKT,” which Mizuno
refers to as “loff(CKT),” likewise decreases. Id., [0097]-[0098]; see also id.,

[0055]-[0057], [0065]-[0066].
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MTK-1005, FIG. 24

280. Thus, a POSITA would have understood and found obvious that
Mizuno’s “power controlling circuit PMG” (and the corresponding “circuit block
CKT1” for “control[ling] the leakage reduction circuits PSM2a and PSM2b” in
Figures 35-40) is an adaptive leakage controller that provides a control signal
REQ to optimize the voltage to the “circuit block CKT” to reduce power
consumption due to leakage currents. MTK-1001, 4:21-23.

281. Though not recited by the claims, the 077 Patent explains with
respect to its Figure 2 that the “adaptive leakage controller (ALC) 270 ... provides
control signals to compensate for process and temperature variation to provide
the optimum voltage to be applied to sleep transistors in the power islands.”

MTK-1001, 4:21-27; see also id., 4:28-39.
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282. To the extent such functionality is required of the claimed “adaptive
leakage controller,” Mizuno discloses and renders obvious this element to a
POSITA. With respect to the embodiment of Figures 35-40 of Mizuno, Figure
37 depicts a structure having a “voltage regulator circuit” VDC in addition to the
leakage reduction circuits PSM2a and PSM2b. MTK-1005, [0124]-[0126].
Figure 38 provides additional detail when the “voltage regulator VDC and leak
regulator circuit PSM2a or PSM2b components in the example in FIG. 37 [are]

combined together.” Id., [0125].

FIG.38
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MTK-1005, FIG. 38.

The voltage regulator VDC and leak regulator circuit
PSM2a or PSM2b components in the example in FIG.
37 can be combined together. That structure is shown
in FIG. 38. In the figure, PSW2 is the current source,
OPAMP is the operational amplifier and VREF is the
reference voltage. During operation, a voltage VDD
can be supplied to the virtual power line VVDD2a by
applying voltage VDD to VREF. To turn the power
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switch PSW1 off, VREF may be set to a sufficiently
low voltage (for example below 0 volts). The power
switch PSW1 has smaller drive power than the power
switch PSW1. This is utilized for reducing noise during
the shift from the standby state to operation state. The
operating method is the same as the operating method
relating to FIG. 27. Even here, there are no particular
restrictions on the threshold voltage or gate dielectric
thickness of the power switch PSW1, however an
optimal selection should be made according to the
voltage of VDD.

MTK-1005, [0125].

283. Here, the control signal CTLa from the CKT1 is provided to the
“power switch controller PSC.” See id., FIGS. 37-38. Based on the control signal
CTLa, the voltages provided to the “power switch PSW1,” including the voltages
VREF and VVDD2a, are optimized. [Id., [0126]-[0128]. Specifically, the
voltages can be optimized to account for the operating state of the device and
“variations (non-uniformities) in chip manufacture or information on
environmental fluctuations, and the characteristics (or properties) of the circuit
block CKT2a or CKT2b that changed due to these variations or fluctuation can
be corrected.” Id., [0126]; see also id., [0128] (discussing corrections for
“temperature and process conditions, etc.””). A POSITA would have understood
and found obvious that such information would be provided via the “leakage
control lines” like CTLa. Mizuno describes this process in further detail with
respect to Figure 38.

The voltage regulator circuit can monitor the virtual

power line VVDD2a or VVDD2b voltages and may
regulate voltage by applying the desired VDD voltage
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to the wvirtual power line even if the current
consumption is large in circuit blocks CKT2a and
CKT2b. When the circuit path from the power supply
terminal of the chip to the circuit within the circuit
block has a high impedance, a so-called IR drop occurs
due to current consumption of the circuit block CKT2a
or CKT2b. This IR drop can be prevented by the above
described formula. The virtual power line VVDD2a or
VVDD2b voltages can also be changed based on the
information on variations (non-uniformities) in chip
manufacture or information on environmental
fluctuations, and the characteristics (or properties) of
the circuit block CKT2a or CKT2b that changed due to
these variations or fluctuation can be corrected.

The structure of FIG. 38 can also utilize the method for
applying the voltage VFNL to the virtual power line
VVDD during standby as in the structure in FIG. 17.
The PSW2 of FIG. 38 is not required in this case. Two
types of control methods may be used in this case. In
the first method, the VDD voltage is applied to VREF
during operation as described above, and the power
supply voltage VDD is applied to the virtual power line
VVDD2a. During standby the VFNL (<VDD) voltage
is applied to VREF, and the voltage VFNL is supplied
to the virtual power line VVDD2a. The voltage source
VFNLGEN was required by the structure of FIG. 17,
however this structure (FIG. 38) has the advantage of
being able to use an operational amplifier OPAMP and
power switch PSW1 instead. In the second method,
besides the operational amplifier OPAMP and power
switch  PSW1, the voltage source VFNLGEN is
installed on the virtual power line VVDD2a. During
operation, a voltage VDD is applied to VREF as
described above, and a voltage VDD is supplied to the
virtual power line VVDD2a. During standby, 0 volts is
applied to VREF, and the voltage VFNL is supplied to
the virtual power line VVDD?2a from the voltage source
VFNLGEN.

Either method has the advantage that the virtual power
line VVDD2a voltage during standby can be made a
voltage close to VRTN by directly applying VFNL to
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the virtual power line VVDD2a during standby state.
The value of the directly applied VFNL voltage can
also be directly controlled according to the voltage of
power supply VDD, the temperature and process
conditions, etc.

MTK-1005, [0126]-[0128].

284. Thus, even if claim 1 of the 077 Patent is construed to require that
the “adaptive leakage controller” has the features of the “ALC 270 of Figure 2
of the ’077 Patent, Mizuno discloses and renders obvious that element.

285. As noted above in my discussion of Takahashi, “power island” and
“power manager” have been construed in prior litigations involving a patent
describing similar subject matter, U.S. Patent No. 7,051,306. See MTK-1025 43-
44, 44-46; MTK-1026 28-29, 29-34. In my opinion, no construction is necessary
for the purposes of this proceeding because plain and ordinary meaning suffices.
And while the prior constructions involved a different patent and different claims,
Mizuno’s disclosures, in light of a POSITA’s knowledge, would also render these
terms obvious under the prior constructions for the reasons discussed above with
respect to element 1[p]. See also MTK-1001, 4:11-20; see also id., 3:49-55;
MTK-1005, [0121]; MTK-1006, 1:21-38.

286. Therefore, to the extent the preamble of claim 1 of the 077 Patent
1s limiting, it is my opinion that Mizuno discloses and renders obvious the
preamble of claim 1.

(b) Element 1[a]
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287. Element 1[a] recites “receiving, at the power manager, a control
signal from the adaptive leakage controller.” In my opinion, Mizuno discloses
and renders obvious element 1[a].

288. As I explained with respect to the preamble of claim 1, it is my
opinion that Mizuno discloses and otherwise renders obvious a power manager
and adaptive leakage controller. Specifically, it is my opinion that in the
embodiment of Figures 1-30, Mizuno’s “power switch controller PSC” discloses
and renders obvious a power manager, and Mizuno’s “power controlling circuit
PMG” discloses and renders obvious an adaptive leakage controller. Similarly,
in the related embodiment of Figures 35-40, power managers are included in
“leakage reduction circuits PSM2a and PSM2b,” which are in communication
with a “circuit block CKT1” that “control[s] the leakage reduction circuits PSM2a
and PSM2b.” See MTK-1005,[0121], [0131] (“Of course the various adaptations
and specific examples disclosed for the first embodiment are also applicable to
the leakage current reduction circuit of the third embodiment.”); element 1[p].

289. Mizuno’s “power switch controller PSC” that is a power manager
receives a control signal “REQ” from the “power controlling circuit PMG” That
1s an adaptive leakage controller. MTK-1005, [0093]. As Mizuno explains, the
control signal “REQ” controls the “power switch controller PSC” to set the
voltage “PSWGATE1” either high or low. Id. In turn, the “power switch PSW1”
is turned on or off to place the “circuit block CKT” into an active or standby state.

ld.
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MTK-1005, FIG. 22 (annotated).

FIG. 22 is a structure of the interface for the power
switch controller PSC. The power switch controller
PSC that controls the power switch PSW1 and current
source PSW2 implements control by means of a power
controlling circuit PMG. This allows designing the
circuit block CKT low-leak mechanism separately from
the power controlling circuit PMG that reduces power
consumption in the chip overall. A handshake between
the power controlling circuit PMG and the power
switch controller PSC by means of the request line
REQ and response line ACK controls the on/off
operation of the power switch PSW1 and controls the
state of the circuit block. Here, setting the request line
REQ to high level turns on the power switch PSW1 and
controls the circuit block CKT in the operation state.
After the power switch PSW1 turns fully on and the
virtual power line VVDD is charged to the voltage
potential of power supply VDD, when the response line
ACK reaches high level, the external section of the
power switch controller (power controlling circuit
PMG) is notified that the circuit block CKT has
switched to the operation state. Conversely, when the
request line REQ is set to low level, the power switch
PSW1 turns off and the circuit block is controlled to the
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standby state. When the power switch PSW1 turns fully
off, and the response line ACK switches to low level,
the external section of the power switch controller is
notified that the circuit block CKT has switched to the
standby state.

MTK-1005, [0093].

290. The related embodiment of Figures 35-40 shows a similar control
signal. There, the “circuit block CKT1” sends control signals “CTLa, CLTb” to

the “leakage reduction circuits PSM2a and PSM2b.” Id., [0121].

FIG.35
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MTK-1005, FIG. 35 (annotated).
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FIG.38
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MTK-1005, FIG. 38 (annotated).

291. Mizuno explains that “CTLa, CTLb are leakage control lines of the
leakage reduction circuit of the present invention and equivalent to the request
line REQ and response line ACK of FIG. 22.” Id. As explained at element 1[p],
the “circuit block CKT1” includes circuits for, inter alia, “control[ling] the
leakage reduction circuits PSM2a and PSM2b.” Id. Thus, it is my opinion that a
POSITA would understand and find obvious that in the embodiment of Figures
35-40, “leakage reduction circuits PSM2a and PSM2b” in green include power
managers and the “circuit block CKT1” in blue is an adaptive leakage controller
that provides a control signal to the power managers. See id., [0125] (“The

voltage regulator VDC and leak regulator circuit PSM2a or PSM2b components
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in the example in FIG. 37 can be combined together ... as shown in FIG. 38),
FIG. 38 (depicting a “power switch controller PSC”).

292. It is therefore my opinion that a POSITA would find that Mizuno
discloses and renders obvious “receiving, at the power manager, a control signal
from the adaptive leakage controller.”

(¢) Element 1[b]

293. Element 1[b] recites “employing the power manager to dynamically
change power consumptions of the plurality of power islands, the employing the
power manager to dynamically change power consumptions including:
generating a variable voltage based on the control signal; and providing the
variable voltage to at least one of low leakage sleep circuits of the integrated
circuit.” In my opinion, Mizuno discloses and renders obvious element 1[b].

294. As explained with respect to elements 1[p] and 1[a], it is my opinion
that Mizuno discloses and otherwise renders obvious a plurality of power islands
and a power manager. Specifically, it is my opinion that in the embodiment of
Figures 1-30, the circuit block CKT, and the “logic circuit LG1” and “memory
MEM 1" within the circuit block CKT, individually and collectively disclose and
render obvious a plurality of power islands. Further, Mizuno’s “power switch
controller PSC” discloses and renders obvious a power manager. In the related
embodiment of Figures 35-40, each of the “leakage reduction circuits PSM2a and
PSM2b” include a power manager (“power switch controller PSC”) for

controlling power consumption within the power islands “[c]ircuit blocks CKT2a
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and CKT2b.” See MTK-1005,[0121],[0131] (“Of course the various adaptations
and specific examples disclosed for the first embodiment are also applicable to
the leakage current reduction circuit of the third embodiment.”); elements 1[p],
1[a].

295. Turning to element 1[b], it is my opinion that Mizuno discloses that
its “power switch controller PSC” (i.e., power manager) “generat[es] a variable
voltage based on the control signal” as required by claim 1. Specifically, the
“power switch controller PSC” generates a variable voltage “PSWGATE1” based
on the control signal “REQ” received from the “power controlling circuit PMG”

that is an adaptive leakage controller.

FIG.22
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MTK-1005, FIG. 22 (annotated).
296. Figures 23-24 of Mizuno depict one example of the variable voltage

“PSWGATEL.” There, in response to the control signal “REQ,” the “drive

172



circuits” CIDRV1 and C2DRV2 of the “power switch controller PSC” generate
the voltage “PSWGATE!” that varies over time as shown in Figure 24. MTK-

1005, [0095]-[0099].

FIG.23
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MTK-1005, FIG. 23 (annotated).
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MTK-1005, FIG. 24 (annotated).
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FIG. 24 is a timing chart for the operation in FIG. 23.
When operation has shifted from standby to the
operation state and the request line REQ reaches high
level, first of all the gate signal PSWGATE 1 is driven
to high impedance by C1 by way of the CIDRYV control
circuit for C1. The potential detector C3 detects that the
gate signal PSWGATE]1 was driven to a level (Vthl) at
time T1A, and TRG1 is driven to high level by the timer
TIM1. The gate signal PSWGATEI] is in this way
driven to a low impedance by C2 by way of the C2DRV
control circuit for C2. The timer TM1 measures the
time TA from time T1 to T1A, and after a time TB
established using the specific relation (for example
{fraction (1/2)}) with time TA, (time T1B in the
example in FIG. 24) the response line ACK is driven to
high level. There are no particular restrictions on the
timer characteristics (relation between time TA and
time TB) however the gate signal PSWGATEI is
driven completely to low level at time T1B. Also the
virtual power line VVDD may be fully charged up to
the voltage potential of VDD.

MTK-1005, [0096].

297. The related embodiment of Figures 35-40 likewise shows that the
variable voltage is generated in in response to the control signal. As shown
below, the “power switch controller PSC” receives the control signal “CTLa” that
is “equivalent to the request line REQ and response line ACK” from the “circuit
block CKT1.” Id., [0121]. In response, the “power switch controller PSC”
provides variable voltage VREF that results in the variable voltage PSWGATE?2
that is provided to the “power switch PSW1.” Id., [0125],[0127]. Similarly, the
“power switch controller PSC” provides a variable voltage to VVDD2a based on

the control signal “CTLa.” Id.
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MTK-1005, FIG. 38 (annotated)

The voltage regulator VDC and leak regulator circuit
PSM2a or PSM2b components in the example in FIG.
37 can be combined together. That structure is shown
in FIG. 38. In the figure, PSW2 is the current source,
OPAMP is the operational amplifier and VREEF is the
reference voltage. During operation, a voltage VDD
can be supplied to the virtual power line VVDD2a by
applying voltage VDD to VREF. To turn the power
switch PSW1 off, VREF may be set to a sufficiently
low voltage (for example below 0 volts). The power
switch PSW1 has smaller drive power than the power
switch PSW1. This is utilized for reducing noise during
the shift from the standby state to operation state. The
operating method is the same as the operating method
relating to FIG. 27. Even here, there are no particular
restrictions on the threshold voltage or gate dielectric
thickness of the power switch PSW1, however an
optimal selection should be made according to the
voltage of VDD.

MTK-1005, [0125].
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The structure of FIG. 38 can also utilize the method for
applying the voltage VFNL to the virtual power line
VVDD during standby as in the structure in FIG. 17.
The PSW2 of FIG. 38 is not required in this case. Two
types of control methods may be used in this case. In
the first method, the VDD voltage is applied to VREF
during operation as described above, and the power
supply voltage VDD is applied to the virtual power line
VVDD2a. During standby the VFNL (<VDD) voltage
is applied to VREF, and the voltage VFNL is supplied
to the virtual power line VVDD2a. The voltage source
VFNLGEN was required by the structure of FIG. 17,
however this structure (FIG. 38) has the advantage of
being able to use an operational amplifier OPAMP and
power switch PSW1 instead. In the second method,
besides the operational amplifier OPAMP and power
switch PSW1, the voltage source VFNLGEN is
installed on the virtual power line VVDD2a. During
operation, a voltage VDD is applied to VREF as
described above, and a voltage VDD is supplied to the
virtual power line VVDD2a. During standby, 0 volts is
applied to VREF, and the voltage VFNL is supplied to
the virtual power line VVDD2a from the voltage source
VFNLGEN.

Id., [0127].

298. Mizuno further discloses and renders obvious “providing the
variable voltage to at least one of low leakage sleep circuits of the integrated
circuit.” Specifically, as shown in the embodiment of Figures 1-30, Mizuno’s
“power switch controller PSC” provides the variable voltage “PSWGATE1"” to

the “power switch PSW1.” MTK-1005, [0054]-[0055].
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MTK-1005, FIG. 22 (annotated).

299. Mizuno explains that when “PSWGATE]1 of power switch PSW1 is
driven to a low level by the power switch controller PSC ... the power switch
PSW1 turns on. In this state, power is supplied to the circuit block CKT by way
of the power switch PSW1 so that the virtual power line VVDD reaches VDD
potential and the circuit block CKT is operable (in operating state).” Id., [0055].
To put the “circuit block CKT” into standby mode, “the gate signal PSWGATEI

. is driven to high level by the power switch controller PSC and the power
switch PSW1 turns off.” Id., [0055]. Asaresult, “the voltage of the virtual power
line VVDD becomes lower.” Id. Thus, “the current supplied to the circuit block
during standby operation is mainly supplied [by] the current source PSW2.” Id.,

[0054]; see also id., [0096]-[0098].
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300. Similarly, in the embodiment of Figures 35-40, the variable voltage
VREF output by the “power switch controller PSC” is provided to the “power

switch PSW1” through the OPAMP, as is the variable voltage VVDD2a.

FIG.38

VDD2 OPAMP
CTLa — PSWGATE2 yvpp2VvDD2 VDD2
Control VREF ?—| ? (2_|
: PSW1s '
Signal ‘”E—J I"iE'_I
PSC PSW1 Upsw2
I VVDD2a
CKT2a

IJVVSS

MTK-1005, FIG. 38 (annotated).

301. As with the related embodiment of Figures 1-30, the variable voltage
provided to the “power switch PSW1” turns the “power switch PSW1” on and
off depending on the voltage level. Id., [0125]-[0127]. For example, “the VDD
voltage is applied to VREF during operation as described above, and the power
supply voltage VDD is applied to the virtual power line VVDD2a. During
standby the VFNL (<VDD) voltage is applied to VREF, and the voltage VFNL
is supplied to the virtual power line VVDD2a.” 1d., [0127]; see also id., [0125]
(“During operation, a voltage VDD can be supplied to the virtual power line
VVDD2a by applying voltage VDD to VREF. To turn the power switch PSW1

off, VREF may be set to a sufficiently low voltage (for example below 0 volts).”).
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302. In my opinion, the “power switch PSW1” and “current source
PSW2” are each a low leakage sleep circuit. Mizuno explains that the leakage
current through “power switch PSW1” during standby is substantially less than
the current through “current source PSW2” (i.e., “Ioff(PSW1)<<Ioff(PSW2)”).
Id., [0057], [0085], [0093]. Specifically, as Mizuno places its “circuit block
CKT” into standby (i.e., sleep) mode, “[t]he leakage current flowing to circuit
block CKT is listed as Ioff(CKT) that was initially large (at time T1) also
gradually becomes a smaller value (period from time T1 to T2).” Id., [0055]. As
such, the “current source PSW2 functions as a leak current limiter circuit for
circuit block CKT.” Id., [0057]. Moreover, by using multiple “leakage reduction
circuits PSM2a and PSM2b” as in the embodiment of Figures 35-40, Mizuno
“control[s] the leakage current of circuits grouped in multiple circuits integrated
onto the chip, the leakage current of the overall chip can be efficiently reduced.”
1d., [0122].

303. Thus, a POSITA would have understood and found obvious that
Mizuno’s “power switch PSW1” and “current source PSW2,” (like the “leakage
reduction circuits PSM2a and PSM2b” in Figures 35-40) are low leakage sleep
circuits that reduce leakage in the integrated circuit during standby. Indeed, while
the 077 Patent does not use the term “low leakage sleep circuit” in its
specification, the 077 Patent does disclose a “technique for reducing leakage
[using] a sleep transistor” that “act[s] as a switch to turn on and off the logic gate.”

MTK-1001, 2:9-20; see also id., Abstract, 2:45-50, 4:21-5:7, 7:12-17.
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Specifically, “the sleep transistor 130 is turned on (gate to VDD) during normal
cell operation. When the cell is idle, the sleep transistor 130 is turned off (gate
tied to VSS) to reduce the leakage current of the cell.” Id., 2:9-20; see also id.,
7:8-17 (“FIGS. 5, 6, 7A-C, and 8 A-8B disclose one embodiment for low leakage,
data retention circuitry. In this embodiment, in sleep mode, the circuit parts of a
flip-flop that do not require data retention are coupled to ground through a sleep
transistor. The gate of the sleep transistor is coupled to a sleep signal that can be
driven to a negative voltage such as —0.3V. Thus, the leakage in these circuit parts
of the flip-flop is eliminated (reduced). When not in a sleep state, the sleep
transistor has a gate value equal to or greater than the VDD supply, which
effectively grounds the circuit.”). Mizuno’s “power switch PSW1” and “current
source PSW2” (like the “leakage reduction circuits PSM2a and PSM2b”) operate
in this same way to provide an operational voltage to the “circuit block CKT”
during operation and reduce leakage current during standby.

304. Assuch, Mizuno’s integrated circuit “employ[s] the power manager
to dynamically change power consumptions of the plurality of power islands”™ as
required by claim 1. Specifically, as discussed above, Mizuno employs the
“power switch controller PSC” to dynamically change the power consumption of
the “circuit block CKT” during operational and standby states. See, e.g., MTK-
1005, [0087]-[0088] (“[t]he present invention is characterized in that power
consumption due to leakage current in the circuit block during the standby state

can be greatly reduced”), [0093], [0122]. For example, in the embodiment of
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Figures 1-30, the voltage “VVDD” provided to the “logic circuit LG1” and
“memory MEM1” power islands of the “circuit block CKT” during standby is
drastically reduced from “VDD (1.0V)” to “VFNL (0.4V).” Id., [0055]. As a
result, the leakage current through the “circuit block CKT” (called “loff(CKT)”)
also becomes a smaller value. Id., [0055]; see also id., [0060] (“the smaller the
voltage of the virtual power line VVDD, the smaller the value Ioff(CKT)
becomes”). Mizuno explains that, as a result of reducing the leakage current
[off(CKT), “power consumption due to leakage current in the circuit block during
the standby state can be greatly reduced.” Id., [0087]; see also id., Abstract.
Mizuno discusses the same advantage with respect to the embodiment of Figures
35-40. There, the “leakage control circuits PSM2a and PSM2b” (which each
include a “power switch controller PSC”) are configured to “control[] the leakage
current of circuits grouped in multiple circuits integrated onto the chip,” such that
“the leakage current of the overall chip can be efficiently reduced.” Id., [0122].
305. Thus, it is my opinion that Mizuno discloses and renders obvious
element 1[b]. Because Mizuno discloses or renders obvious each element of
claim 1 of the 077 Patent, it is my opinion that Mizuno renders obvious claim 1.

3. Claim 2

306. Claim 2 recites “[t]he method as claimed in claim 1 further
comprising putting to sleep and taking out of sleep, at different times, at least one
of the power islands.” In my opinion, Mizuno renders obvious claim 2 of the

077 Patent.

181



307. As I discuss at element 1[b] above, Mizuno’s “circuit blocks” (e.g.,
“circuit block 10” that includes “logic circuit LG1” and “memory MEM1”) are
put into standby and taken out of standby at different times to reduce power
consumption when the “circuit blocks™ are not being used. MTK-1005, [0087],
[0093]. Specifically, the “power switch controller PSC” puts the “circuit blocks”
(e.g., “circuit block CKT” including the “logic circuit LG1” and “memory
MEM1”) into standby or operational mode at different times by controlling “the
on and off operation of the power switch PSW1.” Id., [0054]. By turning the
“power switch PSW1” on and off, Mizuno controls the “current flow in the power
supply VDD and the virtual power line VVDD.” Id. Specifically, when the
“power switch PSW1” turns on, the “virtual power line VVDD” is set to VDD
and the “circuit block CKT” enters the operational state, i.e., is “tak[en] out of
sleep.” Conversely, when the “power switch PSW1” turns off, the voltage at the
“virtual power line VVDD” is reduced to put the “circuit block CKT” in standby
mode, i.e., is “put[] to sleep.” Id., [0054]-[0055]. A similar operation is used in
the related embodiment of Figures 35-40 for the “leakage reduction circuits
PSM2a and PSM2b” to put the “[c]ircuit blocks CKT2a and CKT2b” into standby
and operational states. Id., [0121]-[0134].

308. Moreover, I should note that Mizuno discloses two different forms
of standby, both of which are sleep states. Specifically, Mizuno discloses a
“standby (idle)” state that maintains “information within the information

retention circuits within the circuit block,” and also discloses a “deep stand-by
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state” in which “information in the information retention circuit within the circuit
block will be lost.” Id., [0005], [0087]. As Mizuno explains, the benefit of the
“deep stand-by state” is that power to the “circuit block CKT” can be reduced
even further to achieve “lower power consumption than in stand-by state with
data retention.” Id., [0087].

The present invention is characterized in that power
consumption due to leakage current in the circuit block
during the standby state can be greatly reduced while
still maintaining (keeping) the information within the
information retention circuits within the circuit block.
This standby function is here called the stand-by state
with data retention. In addition to this stand-by state
with data retention, the VFNL may be set to a smaller
value (value of VRTN or lower) by reducing the current
flowing in the current source PSW2 and reducing the
voltage of the wvoltage source VFNLGEN
(configuration in FIG. 17). The information in the
information retention circuit within the circuit block
will be lost in this structure, however a standby state
(Called the deep stand-by state to distinguish it from the
stand-by state with data retention. In these
specifications, these terms are used to classify the two
states.) having lower power consumption than in stand-
by state with data retention can be achieved.

As one example, the structure of FIG. 18 shows an
example for achieving the deep stand-by state of FIG.
14. In FIG. 18, the gate signal PSWGATEIla of the
current source PSW2 is controlled by the power switch
controller PSC. FIG. 19 is a timing chart showing an
example of the operation in FIG. 18. In the stand-by
state with data retention from time T1 to time T2, a low
level is applied to the gate signal of current source
PSW2 the same as the case of the structure in FIG. 14
by means of the power switch controller PSC. In the
deep stand-by state from time T2 to time T3, a high
level is applied to the gate signal of the current source
PSW2 by the power switch controller PSC. In the deep
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stand-by state, [([PSW2) is determined by the on current
of PMOS transistor PSW2 and the VFNL is determined
by the interaction between this on-current and
[off(CKT), and the condition VFNL>VRTN satisfied.
However, since the PMOS transistor PSW2 is off from
time T2 to time T3, the value of VFNL is nearly zero
(of course, a value below VRTN). Though information
cannot be held in the information retention circuits
during deep stand-by state, the deep stand-by state has
the advantage of lower leakage current than the stand-
by state with data retention. If retention of information
in the information retention circuits is not required,
then power consumption can be reduced even further
by changing to the deep stand-by state.

MTK-1005, [0087]-[0088].

309. In my opinion, a POSITA would understand that both the “standby”
and “deep standby” states are a “sleep state.” The *077 Patent describes “sleep
states” as those in which a circuit is not operational but has “low leakage.” See
MTK-1001, Abstract, 2:37-50, 7:8-28. Further, the ’077 Patent describes a “sleep
state” in which the “circuitry also retains data” as well as a “sleep state” for
“circuitries that do not require data retention.” See id., Abstract, 9:65-10:9. These
states correspond to the “standby” and “deep standby” states of Mizuno,
respectively. See MTK-1005, [0087]-[0088]. Other references from the same
timeframe similarly describe such states as “sleep states.” See, e.g., MTK-1018,
1:37-45 (“Leakage power consumption has become a major design concern for
sub-micron transistors especially in low power applications, e.g., portable
computers. For example, in portable computers with battery operation, leakage

power consumption may shorten the life of the battery. Consequently, techniques
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have been developed to mitigate leakage power consumption such as during the
power saving mode of operation commonly referred to as ‘sleep mode’ or ‘sleep
state.””).

310. While not expressly recited by claim 2, to the extent that claim 2
requires putting power islands into sleep and out of sleep at different times from
other power islands, it is my opinion that Mizuno renders obvious claim 2. As |
discussed above at element 1[b], for example, the embodiment of Figures 35-40
includes multiple “leakage controls circuits PSM2a and PSM2b” that control “the
leakage current of circuits grouped in multiple circuits integrated onto the chip.”
MTK-1005, [0121]-[0122]. Mizuno explains that the “leakage control circuits
PSM2a and PSM2b” are controlled by “CTLa, CTLDb [that] are leakage control
lines of the leakage reduction circuit of the present invention and equivalent to
the request line REQ and response line ACK of FIG. 22.” Id., [0122]. In my
opinion, a POSITA would have understood and found obvious that the “circuit
block CKT1” could place a particular circuit block (e.g., one of “[c]ircuit blocks
CKT2a and CKT2b”) into the standby or operational state at a different time from
another using the control lines “CTLa, CTLb.” Id., [0121]-[0122]. For example,
when the “circuit block CKT1” sets the control line “CTLa” high and sets the
control line “CTLb” low, the circuit block “CKT2a” would go to the operational
state and the circuit block “CKT2b”” would go into the standby state. Id., [0093],

[0121].
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311. For these reasons, it is my opinion that Mizuno renders obvious
claim 2.

4. Claim 3

312. Claim 3 recites “[t]he method as claimed in claim 2 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” In my opinion, Mizuno renders obvious claim 3 of the 077
Patent.

313. AsIexplained with respect to element 1[p] above, Mizuno’s “power
switch controller PSC” discloses and renders obvious a power manager. A
POSITA would have further understood and found obvious that Mizuno’s “power
switch controller PSC” employs a state machine to control putting a power island
(e.g., the “circuit block CKT” including its “logic circuit LG1”” and/or “memory
MEM1”) into standby (i.e., “sleep”) and operational (i.e., “out of sleep”) states.

314. The embodiment of Figures 1-30 of Mizuno discloses and renders
obvious the claimed state machine. With respect to Figures 23-24, for example,
Mizuno explains that when the control signal “REQ reaches high level,” it
initiates a “shift[] from standby to the operation state” (time T1). MTK-1005,
[0096]. At this time (time T1), the “power switch controller PSC” enters a first
state in which “the gate signal PSWGATEI] is driven to high impedance by C1

by way of the CIDRYV control circuit.” Id.
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FIG.23
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MTK-1005, FIG. 23.
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TRG1 ; : : :
_______ :P-------------E------' g i e
ACK i : P
T TIA TIB T2 T2AT2B
MTK-1005, FIG. 24.

315. This continues until “PSWGATE1"” reaches a “level (Vth1) at time

T1A,” at which point (time T1A) the “power switch controller PSC” enters a

second state in which “PSWGATEI is ... driven to a low impedance by C2 by
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way of the C2DRYV control circuit” and “TRG1 is driven to high level by the timer
TIM1.” Id. After “atime TB” (at time T1B), the “power switch controller PSC”
then enters a third state in which “ACK is driven to high level” and “the virtual
power line VVDD may be fully charged up to the voltage potential of VDD.” Id.
316. Mizuno goes on to describe a similar state machine process for the
“shift[] from the operation state to standby state.” See id., [0097]-[0101].

When operation has shifted from the operation state to
standby state, and the request line REQ reaches low
level at time T2.

The gate signal PSWGATE] is then first of all driven
to high impedance by Cl1, by way of the CIDRV
control circuit for C1. The potential detector C3 detects
that the gate signal PSWGATE!1 was driven to a level
Vth2 at time T2A, and TRGI1 is driven to low level by
the timer TIM1. The gate signal PSWGATEI is in this
way driven to a low impedance by C2 by way of the
C2DRYV control circuit for C2. Based on the time from
time T2 to time T2A, the timer drives the response line
ACK to low level after a certain time (time T2B). There
are no particular restrictions on the timer characteristics
(relation between time TA' from time T2B to time T2A
and time TTB' from time T2A to time T2B) and even a
time for example of TA'/TB’ 2 is satisfactory.

MTK-1005, [0097]-[0098].

317. Inrelated Figures 25-30, Mizuno discloses similar configurations of
the “power switch controller PSC” that also utilize a state machine to control
putting the power islands into standby (i.e., “sleep”) and operational (i.e., “taking

out of sleep”) states. A POSITA would have understood and found obvious that
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each of these configurations of the “power switch controller PSC” utilizes a state
machine.

318. Indeed, Mizuno’s “power switch controller PSC” functions in the
same way as the 077 Patent’s claimed “state machine” that “performs the timing”
when transitioning between sleep and operational states. MTK-1001, 6:19-21;
see also id, 6:38-55. Moreover, in my opinion a POSITA would have understood
that Mizuno’s “power switch controller PSC” is a state machine as that term is
understood in the art at the time of the 077 Patent. See, e.g., MTK-1008 (defining
“state machine” as a “circuit containing several different states reachable from
each other, with state changes happening synchronously”). For example, the
2001 textbook Computer Systems Organization & Architecture from John D.
Carpinelli (MTK-1009) describes state machines in which “[i]nputs to the state
machine are combined with the current state of the machine to determine the new
state, or next state of the machine. Depending on the type of machine, outputs
are generated based on either the state of the machine, or the state of the machine
and the machine inputs.” MTK-1009 at 51.

319. In comparison with these definitions of the term “state machine,” In
Mizuno, the outputs of the “power switch controller PSC” (e.g., “PSWGATE1”)
depend on the current status of the “power switch controller PSC” and its inputs
(e.g., in Figures 23-24, the control signal “REQ” and “potential detector C3”
input measuring “PSWGATEIL,” and in Figures 25-30 the additional input

“SENS1” or “SENS2” measuring the “virtual voltage line VVDD”). Specifically,
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the “power switch controller PSC” has distinct output states, e.g., for
“PSWGATEL,” to place the “circuit block CKT” into standby (“sleep™) or
operational (“out of sleep”) states. Any transitions in the output state of the
“power switch controller PSC” are triggered by a change (i.e., either a rising edge
or a falling edge) in the REQ signal issued by the “power controlling circuit
PMG.” At the precise time of change in the REQ signal (T1 in Figure 24 above),
the “PSWGATE1” signal starts transitioning, in turn causing the transitioning of
VVDD. Specifically, as shown in Figure 24 above, PSWGATEI1 reaches
threshold voltage Vth1 allowing VVDD to rise and eventually reach VDD. That
1s to say, the “power switch controller PSC” employs a state machine with
different output states for putting the “circuit block CKT” into standby (“sleep”)
and operation (“taking out of sleep”) that change from one state to the other
synchronously with the change in the REQ signal. This manner of operation for
the “power switch controller PSC” is consistent with the commonly known
definitions of the term “state machine” stated above.

320. Thus, it is my opinion that a POSITA would have understood and
found obvious that Mizuno’s “power switch controller PSC” employs a state
machine to control putting the “circuit block CKT” into standby (i.e., “sleep”)
and operational (i.e., “out of sleep”) states.

5. Claim 4

190



321. Claim 4 recites “[t]he method as claimed in claim 1 wherein the
variable voltage is an optimum voltage.” In my opinion, Mizuno renders obvious
claim 4 of the 077 Patent.

322. AsIexplained with respect to element 1[b] above, Mizuno discloses
and renders obvious a power manager that generates a variable voltage. For
example, in the embodiment of Figures 1-30, Mizuno’s “power switch controller
PSC” is a power manager that generates a variable voltage PSWGATEI, and in
the embodiment of Figures 35-40, the “power switch controller PSC” of the
“leakage reduction circuits PSM2a and PSM2b” generates the variable voltage
VREF that results in the variable voltage PSWGATE2. Further, in the
embodiment of Figures 35-40, the “power switch controller PSC” generates a
variable voltage provided to the “virtual power line VVDD2a.”

323. Mizuno further renders obvious that each of these variable voltages
1s an optimum voltage. In the embodiment of Figures 1-30, when “gate signal
PSWGATEI of power switch PSW1 is driven to low level by the power switch
controller PSC ... the power switch PSWI1 turns on. In this state, power is
supplied to the circuit block CKT by way of the power switch PSW1 so that the
virtual power line VVDD reaches VDD potential and the circuit block CKT 1is
operable (in operating state).” MTK-1005, [0055]. Conversely, when “the gate
signal PSWGATE]1 of power switch PSW1 is driven to high level by the power
switch controller PSC ... the power switch PSW1 turns off” And the “circuit

block CKT” enters the standby state. /d. Thus, the levels of the variable voltage

191



PSWGATEI] (like VREF and PSWGATE2 in the embodiment of Figures 35-40)
are optimized to be above or below the threshold voltage of the “power switch
PSW1” transistor to turn the switch on or off. Mizuno describes how this
threshold voltage is determined to optimize the value of PSWGATEI.

In these specifications, the MOS transistor threshold
voltage Vi is the gate voltage when the MOS transistor
drain current (This current does not include the
subthreshold leak current.) starts to flow. This Vi is
determined by the following widely used definitions. In
a saturation region where the gate voltage Vg is
sufficiently large and the drain voltage Vg is also
sufficiently large, the drain current Igs is proportional to
the y power of (Vgs-Vin). The 1/y power of drain current
I4s therefore forms a straight line at a sufficiently large
gate voltage Vgs as shown in FIG. 41. Therefore, the
threshold voltage Vi can be found from a tangent of the
direct line portion of the 1/y power of (Vgs-Vin) set as
shown in FIG. 41. The value of y is greatly dependent
on the gate length of the MOS transistor. In a long-
channel MOS transistor having a gate length Ly of
approximately 1um, the value of y is approximately 2.
In a short-channel MOS transistor with a gate length Lg
below 0.25um, the value of y is smaller than 2 and is
for example a value of approximately 1.4.

MTK-1005, [0058].
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FIG.41
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MTK-1005, FIG. 41; see also id., FIG. 3.

324. Mizuno further explains that the threshold voltage of the “power
switch PSW1” depends in part upon the structure and process used to fabricate it.
MTK-1005, [0090]. For example, Mizuno discusses balancing the “tradeoffs”
between the “on-resistance per surface area of power switch PSW1 during
operation” and the “gate tunneling leakage current” during standby. I/d. Mizuno
proposes a structure with “a thick gate dielectric film for the MOS transistors
comprising the power switch PSW1 compared to the MOS transistors comprising
the circuit block CKT,” because using this structure for “power switch PSW1”
requires “a voltage amplitude to the gate terminal of power switch PSW1 that is
larger than power supply VDD.” Id. Mizuno explains that such a structure for

the “power switch PSW1” is advantageous because its “on-resistance during
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operation can ... be reduced and a power switch with a sufficiently small leakage
current during standby can be obtained.” Id.; see also id., [0125]. Thus, to
operate the “power switch PSW1,” Mizuno’s “power switch controller PSC”
generates an optimum voltage that is sufficiently above or below the threshold
voltage of the “power switch PSW1” to turn on the switch with limited on-
resistance during operation and turn off the switch with minimal leakage current
during standby. /d.

325. Mizuno further describes optimizing the variable voltage
PSWGATEI to achieve a reverse bias of the “power switch PSW1” to further
reduce leakage current during standby. Specifically, Mizuno explains that the
current during standby is dominated by the “current source PSW2,” such that
“loff(PSW1)<<Ioff(PSW2)” (i.e., that the current through PSW1 is much less
than the current through PSW2). Id., [0057], [0079]. “The condition
[off(PSW1)<<I(PSW2) can be satisfied by selecting device parameters for the
power switch PSW1 and the current source PSW2” and “overdriv[ing] the power
switch PSW1 gate signal up to VDD+a during standby” as shown in Figures 12
and13. MTK-1005, [0079]. “A reverse bias voltage is in this way applied across
the source-drain of power switch PSW1 and the [off(PSW1) becomes small. This

is one more method for achieving the loff(PSW1)<<I(PSW2) condition.” /d.
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FIG.12 FIG.13

S ‘ : fmmmmmmmeem VDD+ a (1.4V)
PSWGATEfa \ VDD VDDVDD  -ooeeeeofeemmmmommmennnne e pomeeee e VDD(1.0V)
PSWGATE1a : :
PSC - e : VSS(0V)
1\ : : b
PSWz vDD(1.0V)
~ VVDD
VVDD
I : VFNL(0.4V)
L e — e pemnen o VRTN(O 2V)
-------- vss( V)
rerSS T T2 T3ta

MTK-1005, FIGS. 12-13.

326. Likewise, in the related embodiment of Figures 35-40, the “power
switch controller PSC” varies VREF and thus PSWGATE?2 to optimize it for the
operation of the integrated circuit. Moreover, in this embodiment, the variable
voltage generated by the “power switch controller PSC” and provided to the
“virtual power line VVDD2a” is optimized for the “circuit block CKT2a” that it

powers.
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FIG.38
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MTK-1005, FIG. 38 (annotated).

The voltage regulator VDC and leak regulator circuit
PSM2a or PSM2b components in the example in FIG.
37 can be combined together. That structure is shown
in FIG. 38. In the figure, PSW2 is the current source,
OPAMP is the operational amplifier and VREF is the
reference voltage. During operation, a voltage VDD
can be supplied to the virtual power line VVDD2a by
applying voltage VDD to VREF. To turn the power
switch PSW1 off, VREF may be set to a sufficiently
low voltage (for example below 0 volts). The power
switch PSW1 has smaller drive power than the power
switch PSW1. This is utilized for reducing noise during
the shift from the standby state to operation state. The
operating method is the same as the operating method
relating to FIG. 27. Even here, there are no particular
restrictions on the threshold voltage or gate dielectric
thickness of the power switch PSWI1, however an
optimal selection should be made according to the
voltage of VDD.

The voltage regulator circuit can monitor the virtual
power line VVDD2a or VVDD2b voltages and may
regulate voltage by applying the desired VDD voltage
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to the wvirtual power line even if the current
consumption is large in circuit blocks CKT2a and
CKT2b. When the circuit path from the power supply
terminal of the chip to the circuit within the circuit
block has a high impedance, a so-called IR drop occurs
due to current consumption of the circuit block CKT2a
or CKT2b. This IR drop can be prevented by the above
described formula. The virtual power line VVDD2a or
VVDD2b voltages can also be changed based on the
information on variations (non-uniformities) in chip
manufacture or information on environmental
Sfluctuations, and the characteristics (or properties) of
the circuit block CKT2a or CKT2b that changed due
to these variations or fluctuation can be corrected.

MTK-1005, [0125]-[0126] (emphasis added).

327. Thus, in my opinion a POSITA would have understood and found
obvious that Mizuno’s variable voltage (i.e., PSWGATEI in Figures 1-30 and
VREEF that results in PSWGATE2 in Figures 35-40) is an optimum voltage.’

6. Claim 5

328. Claim 5 recites “[t]he method as claimed in claim 4 wherein the
optimum voltage is dependent upon both process variation and temperature

variation.” In my opinion, Mizuno renders obvious claim 5 of the *077 Patent.

7Tt is my understanding that claim 4 does not require that the “variable voltage”
1s optimized based on temperature and/or process variations. This understanding
comports with the claims in part because claim 5 separately recites that the
“variable voltage” is optimized “dependent upon both process variation and
temperature variation.” However, to the extent that the “variable voltage” of
claim 4 must be optimized based on temperature and/or process variations, in my
opinion Mizuno renders obvious claim 4 for the reasons stated here with respect
to claim 4 and below with respect to claim 5.
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329. Asexplained at element 1[b] and claim 4 above, it is my opinion that
Mizuno’s PSWGATEI (in the embodiment of Figures 1-30, which is similarly
referred to as VREF and PSWGATE?2 in the embodiment of Figures 35-40), is a
variable voltage that is optimized for the performance of the integrated circuit,
e.g., to reduce on-resistance during operation and reduce leakage current during
standby. See MTK-1005, [0090]. In my view, a POSITA would have found it
obvious in view of Mizuno to optimize this variable voltage depending on both
process variation and temperature variation.

330. Specifically, as I discussed at claim 4 above, Mizuno optimizes the
voltage PSWGATEI for the process used to fabricate the “power switch PSW1.”
See id., [0057], [0079], [0090], [0125]. Thus, Mizuno discloses optimizing
PSWGATEI] based on variations in the process used to fabricate the transistor in
the “power switch PSW1.”

331. Moreover, as I discussed at claim 5 of Ground 1A based on
Takahashi, it was well-known before the 077 Patent that transistor performance
is dependent upon process and temperature variations. Indeed, Mizuno discloses
adjusting the voltages applied to the transistors of the “circuit block CKT” to
account for process and temperature variations, as shown below.

Though there are no particular restrictions on the
substrate bias signal VBP and VBN voltages during
operation, a low voltage may be applied to VBP (for
example, VDD or a lower voltage) and a high voltage
may be applied to VBN (for example VSS or a higher

voltage) to achieve high speed circuit block CKT
operation. An optimal voltage may be applied to the
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substrate bias signal VBP, VBN according to the high
speed operation needed in the circuit block CKT.
Typical inverter INV configurations (structures) within
the circuit block CKT were shown in FIG. 8 and FIG.
11. These however showed nothing more than typical
CMOS logic circuits and needless to say, can be applied
to various circuits containing information retention
circuits such as shown in the circuit block of FIG. 1. In
substrate bias control in particular, if the substrate
bias voltage value applied to the MOS transistor
substrate is determined according to the process,
temperature and power supply voltage, then
irregularities in the process and fluctuations in the
temperature and power supply voltage can be
compensated and VRTN made a smaller value.

MTK-1005, [0077] (emphasis added).

FIG. 17 is another example for setting the VFNL during
standby. In FIG. 17, the voltage source VFNLGEN
generates a VFNL of a specified voltage drop and
drives the virtual power line VVDD. In the operating
state, power is supplied to the circuit block by the
power switch PSW1 and in standby state power is
supplied to the circuit block by the voltage source
VFNLGEN. During standby, the value of VFNL
generated from the voltage source VENLGEN may be
a value of VRTN or more. Needless to say however, the
lower the voltage, the smaller the value of leakage
current that can be obtained from the circuit block CKT
during standby. There are no particular restrictions on
the configuration (structure) of the voltage source
VFNLGEN. When the voltage source VFNLGEN is
integrated onto the same chip holding the circuit block
CKT, then a structure for generating a specific VFNL
can be achieved for example by utilizing a voltage
regulator of the known art with the power supply VDD.
The voltage source VFNLGEN may also be installed
outside of that chip. When directly generating VFNL
from the voltage source VFNLGEN as shown in FIG.
17, a design can be achieved for making the voltage of
the virtual power line VVDD close to that of VRTN.
The output voltage VFNL of the voltage source
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VENLGEN may also be automatically controlled
according to the power supply VDD voltage,
temperature and process conditions, etc.

MTK-1005, [0086] (emphasis added).

The voltage regulator circuit can monitor the virtual
power line VVDD2a or VVDD2b voltages and may
regulate voltage by applying the desired VDD voltage
to the wvirtual power line even if the current
consumption is large in circuit blocks CKT2a and
CKT2b. When the circuit path from the power supply
terminal of the chip to the circuit within the circuit
block has a high impedance, a so-called IR drop occurs
due to current consumption of the circuit block CKT2a
or CKT2b. This IR drop can be prevented by the above
described formula. The virtual power line VVDD2a or
VVDD2b voltages can also be changed based on the
information on variations (non-uniformities) in chip
manufacture or information on environmental
Sfluctuations, and the characteristics (or properties) of
the circuit block CKT2a or CKT2b that changed due
to these variations or fluctuation can be corrected.

MTK-1005, [0125] (emphasis added); see also id., [0064], [0076], [0080]-[0081],
[0128] (describing similar voltage adjustments to account for variations in
process and temperature).

332. Mizuno also acknowledges that these variations also impact the
performance of the transistors in the “power switch PSW1” and “current source
PSW2.” Id., [0091]. Specifically, Mizuno describes designing the structure (e.g.,
gate length) of the transistors in “power switch PSW1” and “current source
PSW2” to “allow[] lowering variations in the threshold [voltage] that occur in the
process” of manufacturing those transistors. /d. Specifically, by making the gate

lengths of the transistors in “PSW1” and “PSW2” “thicker than the gate length of
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the MOS transistor comprising the circuit block CKT,” “the leakage current flow
in the circuit block during standby due to process variations can also be reduced”
with greater efficacy. Id.

333. Therefore, a POSITA would have found it obvious to apply
Mizuno’s teachings to optimize the voltages applied to the “power switch PSW1”
and “current source PSW2” based on process variation and temperature variation.
Optimizing the variable PSWGATEI voltage applied to the “power switch
PSW1” based on process variation and temperature variation would achieve
Mizuno’s stated goal of efficiently controlling the “power switch PSW1” so that
“on-resistance during operation can ... be reduced and a power switch with a
sufficiently small leakage current during standby can be obtained.” Id., [0090].

334. Similarly, in the embodiment of Figures 35-40, the variable voltage
generated by the “power switch controller PSC” and provided to the “virtual
power line VVDD2a” is optimized based on “variations (non-uniformities) in

chip manufacture” and “environmental fluctuations” that a POSITA would

understand are process and temperature variations.
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FIG.38
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MTK-1005, FIG. 38 (annotated).

The voltage regulator circuit can monitor the virtual
power line VVDD2a or VVDD2b voltages and may
regulate voltage by applying the desired VDD voltage
to the wvirtual power line even if the current
consumption is large in circuit blocks CKT2a and
CKT2b. When the circuit path from the power supply
terminal of the chip to the circuit within the circuit
block has a high impedance, a so-called IR drop occurs
due to current consumption of the circuit block CKT2a
or CKT2b. This IR drop can be prevented by the above
described formula. The virtual power line VVDD2a or
VVDD2b voltages can also be changed based on the
information on variations (non-uniformities) in chip
manufacture or information on environmental
fluctuations, and the characteristics (or properties) of
the circuit block CKT2a or CKT2b that changed due
to these variations or fluctuation can be corrected.

MTK-1005, [0126] (emphasis added).

335. It is therefore my opinion that Mizuno renders obvious claim 5 of

the ’077 Patent.
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7. Claim 6

336. Claim 6 recites “[t]he method as claimed in claim 4 wherein the
optimum voltage is generated by a sleep generator.” In my opinion, Mizuno
renders obvious claim 6 of the 077 Patent.

337. As I discussed above at elements 1[p] and 1[b] and claim 4,
Mizuno’s “power switch controller PSC” discloses and renders obvious a power
manager that generates an optimized variable voltage. In the related
embodiments of Figures 1-30 and 35-40, the optimized variable voltage is
PSWGATEI (referred to as VREF that results in PSWGATE?2 in Figures 35-40).
Further, in the embodiment of Figures 35-40, the “power switch controller PSC”
also generates a voltage for the “virtual power line VVDD2a” as shown in Figure
38.

338. Mizuno’s “power switch controller PSC” further renders obvious
that the optimized variable voltage is generated by a sleep generator. For
example, Figure 23 of Mizuno (and related Figures 25, 27, and 29) depicts the
“power switch controller PSC” in additional detail. As Mizuno explains, during
standby the “gate signal PSWGATE1” is “first of all driven to high impedance
by C1, by way of the CIDRYV control circuit for C1.” Once the “potential detector
C3 detects that the gate signal PSWGATE] was driven to a level Vth2,” then the
“PSWGATEI is ... driven to a low impedance by C2 by way of the C2DRV

control circuit for C2.” Id.; see also id., [0095], [0103]-[0106].
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MTK-1005, FIG. 23.

339. Similarly, in the related embodiment of Figures 35-40, Mizuno

discloses that the voltage VVDD2a provided to the “power switch PSW1” is

generated through the “power switch PSW1s” (e.g., VDD during an active state,

or lower voltage during standby), as shown in Figure 38 and related figures 27-

30.

FIG.38
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MTK-1005, FIG. 38.
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MTK-1005, FIG. 27.
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MTK-1005, FIG. 28; see also MTK-1005, FIGS. 29-30.

340. While the ’077 Patent does not describe specific requirements for its
“sleep generator,” it describes it as a component of the “power island manager.”
See MTK-1001, FIG. 3, 5:8-13. Likewise, the “power switch controller PSC”
includes components (e.g., the drive circuits C1, C2, and/or power switch

PSW s) for generating the optimized variable voltages in Mizuno.
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341. Itis therefore my opinion that a POSITA would have understood and
found obvious that Mizuno’s “power switch controller PSC” includes a sleep
generator for generating the optimum voltage.

8. Claim 7

342. Claim 7 recites “[t]he method as claimed in claim 1 wherein the
control signal is a digital signal.” In my opinion, Mizuno renders obvious claim
7 of the 077 Patent.

343. As I explained at element 1[a] above, the signal “REQ” (referred to
in the embodiment of Figures 35-40 as “CTLa, CTLb”) is a control signal
provided to the “power switch controller PSC” that is a power manager.
Specifically, Mizuno’s “power controlling circuit PMG” transmits the control
signal “REQ” to the “power switch controller PSC” to “control[] the on/off
operation of the power switch PSW1 and control[] the state of the circuit block.”
MTK-1005, [0093]; see also id., [0121] (“CTLa, CTLb are leakage control lines
of the leakage reduction circuit of the present invention and equivalent to the
request line REQ and response line ACK™).

344. Mizuno discloses that the “REQ” control signal is a digital control
signal that takes one of two levels—either high or low. See MTK-1015 (defining
“digital signal” as “[a]n electrical signal with two states—on or off, high or low,
positive or negative—such as could be obtained from a telegraph key or two-
position toggle switch”); MTK-1016 (defining “digital signal” as “an electric

signal that has only a number of possible states, as opposed to an analog signal
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which is continuously variable”). For example, Figure 24 of Mizuno depicts the
“REQ” control signal during transitions between active and standby states. /d.;

see also id., FIGS. 26, 28, 30.

.............

(R S S

MTK-1005, FIG. 24 (annotated).

345. Specifically, Mizuno explains that setting “REQ” to the “high level
turns on the power switch PSW1 and controls the circuit block CKT in the
operation state.” Id. “Conversely, when the request line REQ is set to low level,
the power switch PSW1 turns off and the circuit block is controlled to the standby
state.” Id.

346. Because the “REQ” signal is a binary signal that takes only one of

two levels (high or low), it is my opinion that a POSITA would have understood
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that the “REQ” signal is a digital control signal, and otherwise would have found
it obvious to use a digital signal for the “REQ” control signal.

9. Claim 8

347. Claim 8 recites “[t]he method as claimed in claim 1 wherein the at
least one of the low leakage sleep circuits is connected in series to a source of a
supply voltage and to a logic gate or storage cell of one of the power islands.” In
my opinion, Mizuno renders obvious claim 8 of the *077 Patent.

348. As I explained at element 1[b] above, it is my opinion that Mizuno’s
“power switch PSW1” and “current source PSW2” disclose and render obvious
the claimed low leakage sleep circuits. It is also my opinion, as explained with
respect to element 1[p], that Mizuno’s “circuit block CKT” that includes the
“logic circuit LG1” and “memory MEM1” each individually and collectively
disclose and render obvious a power island.

349. As shown below, Mizuno further discloses that the “power switch
PSW1” and “current source PSW2” low leakage sleep circuits are connected in

series to a source of the “power supply VDD” and the “circuit block CKT”
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MTK-1005, FIG. 22 (annotated).
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MTK-1005, FIG. 38 (annotated).
350. Regarding the “power supply VDD,” Mizuno discloses that “the

voltage of the power supply VDD is the circuit block [CKT] operating voltage
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and is supplied from a stable power supply circuit.”” MTK-1005, [0054]; see also
id., [0093], [0123]. Thus, Mizuno discloses to a POSITA that the “power switch
PSW1” and “current source PSW2” are connected in series between a source of
a supply voltage (i.e., the “stable power supply circuit” that provides VDD) and
the “circuit block CKT.” Id., Abstract (“n a semiconductor integrated circuit
device comprising a circuit block having a first MOS transistor, and a leakage
current control circuit having a second MOS transistor and a current source, a
source and drain circuit of the second MOS transistor is formed between the
power supply line of the circuit block and a voltage point where operating voltage
is supplied.”), [0003] (“[A] power switch composed of MOS transistors having a
threshold voltage with an absolute value sufficiently higher than the absolute
values of threshold voltages of MOS transistors comprising the circuit block, is
inserted in series with the circuit block power supply between power and
ground.”), [0008], [0054] (“The power switch controller PSC controls the on and
off operation of the power switch PSW 1 connected between the power supply
VDD and the virtual power line VVDD.”).

351. Regarding the “circuit block CKT” that contains “a logic circuit
LG1” and a “memory MEM1,” Mizuno discloses that the “logic circuit LG1” has
logic gates including “an inverter INV, a NAND circuit NAND, a NOR circuit
NOR and a flip-flop circuit FF,” and the “memory MEM1” includes “a memory
cell array MARY.” Id., [0053]. Such logic gates and storage cells are shown in

Figure 1 of Mizuno, below.
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FIG.1
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MTK-1005, FIG. 1 (annotated).
352. Thus, a POSITA would understand that Mizuno’s “power switch
PSW1” and “current source PSW2” are connected in series to a source of a supply
voltage and to a logic gate or storage cell of one of the power islands. It is

therefore my opinion that Mizuno renders obvious claim 8.

10. Claim9

353. Claim 9 recites “[t]he method as claimed in claim 8 wherein the at

least one of the low leakage sleep circuits modifies the supply voltage to the one
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of the power islands during a sleep mode.” In my opinion, Mizuno renders
obvious claim 9 of the 077 Patent.

354. As I explained at elements 1[p] and 1[b], it is my opinion that the
“power switch PSW1” and “current source PSW2” of Mizuno are low leakage
sleep circuits and that the “circuit block CKT” that includes the “logic circuit
LG1” and “memory MEM1” are each individually and collectively power islands.
Further, as I explained at claim 2, Mizuno’s power islands are put into operational
(i.e. “out of sleep”) and standby (i.e., “sleep”) states.

355. Mizuno further discloses that during standby the “power switch
PSW1” and “current source PSW2” cause the voltage “VVDD” supplied to the
“circuit block CKT” to decrease. MTK-1005, [0054]-[0055], [0093]-[0106].
Mizuno explains that the “virtual power line VVDD is equivalent to an actual
power line in the circuit block CKT,” i.e., the “virtual power line VVDD” is the
supply voltage to the “circuit block CKT.” Id., [0054]. When the “power switch
PSW1” is turned on, “the virtual power line VVDD reaches VDD potential and

the circuit block CKT is operable (in operating state).” Id., [0055]. On the other

8 In the related embodiment of Figures 35-40, the “virtual power line VVDD” is
referred to as “VVDD2a” and the “supply voltage VDD” is referred to as
“VDD2.” See MTK-1005, [0125]-[0128]. The operation of the “power switch
PSW1” and “current source PSW2” to control changes to the voltage provided to
the “circuit block CKT” (referred to as “circuit block CKT2a” in the embodiment
of Figures 35-40) is the same as in the embodiment of Figures 1-30. Thus, my
opinion with respect to the embodiment of Figures 1-30 applies equally to the
related embodiment of Figures 35-40. See id., [0130] (“Of course the various
adaptations and specific examples disclosed for the first embodiment are also
applicable to the leakage current reduction circuit of the third embodiment.”).
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hand, when the “power switch PSW1 turns off,” the “voltage (or voltage
potential) of virtual power line VVDD gradually discharges due to the current
leakage from virtual power line VVDD of circuit block CKT to ground VSS”
until the “virtual power line VVDD reaches the final converging stable voltage
level VENL.” Id. Mizuno depicts one example of the change in the supply

voltage provided to the “circuit block CKT” in Figure 2 below.

FIG.2

vDD(1.0V)

VSS(oV)
VDD(1.0V)

VFNL(0.4V)
VRTN(0.2V)
VSS(0V)

MTK-1005, FIG. 2 (annotated).

356. It is therefore my opinion that Mizuno’s low leakage sleep circuits,
including “power switch PSW1” and “current source PSW2,” modify the supply
voltage “VVDD” to the one of the power islands (individually and collectively
the “logic circuit LG1” and “memory MEM1” of the “circuit block CKT”") during
standby (i.e., “sleep mode”). Thus, it is my opinion that Mizuno renders obvious

claim 9.
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11. Claim 10
(a) Element 10[p]

357. The preamble of claim 10 recites “[a] method carried out in an
integrated circuit that includes an adaptive leakage controller, a power manager,
a plurality of power islands and a plurality of low leakage sleep circuits, the
method comprising.” Mizuno discloses and renders obvious the preamble of
claim 10 of the 077 Patent for at least the reasons discussed above with respect
to element 1[p], the discussion of which I incorporate herein by reference.

(b) Element 10[a]

358. Element 10[a] recites “receiving, at the power manager, a control
signal from the adaptive leakage controller.” Mizuno discloses and renders
obvious element 10[a] for at least the reasons discussed above with respect to
element 1[a], the discussion of which I incorporate herein by reference.

(¢) Element 10[b]

359. Element 10[b] recites “employing the power manager to
dynamically change power consumptions of the plurality of power islands, the
employing the power manager to dynamically change power consumptions
including: generating a variable voltage based on the control signal; and
providing the variable voltage to the plurality of low leakage sleep circuits.”
Mizuno discloses and renders obvious element 10[b] for at least the reasons
discussed above with respect to element 1[b], the discussion of which I

incorporate herein by reference.
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(d) Element 10[c]

360. Element 10[c] recites “wherein each of low leakage sleep circuits is
associated with leakage reduction of a respective one of the plurality of power
islands.” In my opinion, Mizuno discloses and renders obvious element 10[c].

361. Aslexplained with respect to element 1[p] above, Mizuno’s “circuit
block CKT” that includes “logic circuit LG1” and “memory MEM1” are each
individually and collectively a “power island.” Further, as I explained with
respect to element 1[b] above, Mizuno’s “power switch PSW1” and “current
source PSW2” are each a low leakage sleep circuit. Similarly, in the related
embodiment of Figures 35-40, each of the “leakage reduction circuits PSM2a and
PSM2b” include a “power switch PSW1” and “current source PSW2” that are
each a low leakage sleep circuit.

362. Each of Mizuno’s low leakage sleep circuits, including “power
switch PSW1” and “current source PSW2,” is associated with a leakage reduction
of a respective one of Mizuno’s power islands. Specifically, when Mizuno
transitions to the standby state, the voltage “VVDD” is reduced from VDD to
VFNL by the “power switch PSW1” and “current source PSW2.” MTK-1005,
[0055]. As aresult, the leakage current in the respective power island “Toff(CKT)
... also gradually becomes a smaller value.” MTK-1005, [0055].

The operation of FIG. 1 is shown next utilizing the
timing chart of FIG. 2. Prior to time T1, the gate signal
PSWGATE] of power switch PSW1 is driven to low

level by the power switch controller PSC and the power
switch PSW1 turns on. In this state, power is supplied
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to the circuit block CKT by way of the power switch
PSW1 so that the virtual power line VVDD reaches
VDD potential and the circuit block CKT is operable
(in operating state). At time T1, the gate signal
PSWGATEI] of power switch PSW1 is driven to high
level by the power switch controller PSC and the power
switch PSW1 turns off. The voltage (or voltage
potential) of virtual power line VVDD gradually
discharges due to the current leakage from virtual
power line VVDD of circuit block CKT to ground VSS
by the power switch PSW1 turning off. As the voltage
of the virtual power line VVDD becomes lower,
1off(CKT) (The leakage current flowing to circuit
block CKT is listed as Ioff(CKT) that was initially
large (at time T1) also gradually becomes a smaller
value (period from time T1 to T2). The virtual power
line VVDD reaches the final converging stable voltage
level VFNL (period from time T2 to T3).

MTK-1005, [0055] (emphasis added).

363. Thus, “power consumption due to leakage current in the circuit
block during the standby state can be greatly reduced.” Id., [0087]; see also id.,
[0059] (“In the present invention, the size of the respective leakage currents such
as the gate tunneling current and subthreshold leakage current during standby in
the circuit block are determined by the current source PSW2. That value is smaller
than the leakage current flowing in the circuit block CKT during operation.”).

364. Similarly, in the related embodiment of Figures 35-40, the multiple
“leakage reduction circuits PSM2a and PSM2b” each include low leakage sleep
circuits “power switch PSW1” and “current source PSW2” associated with
respective power island “[c]ircuit blocks CK2a and CKT2b.” MTK-1005,

[0121].
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MTK-1005, FIGS. 37-38 (annotated).

365. Mizuno explains that the “[c]ircuit blocks CKT2a and CKT2b are
circuit blocks supplied with power from the power supply VDD by way of the
leakage reduction circuits PSM2a and PSM2b.” MTK-1005, [0121]. That is, the
voltage provided to the “circuit block CKT2a” is controlled by the “leakage
reduction circuit PSM2a” and the voltage provided to the “circuit block CKT2b”
is controlled by the “leakage reduction circuit PSM2b.” The “power switch
PSW1” and “current source PSW2” in each “leakage reduction circuit” operates
the same as the “power switch PSW1” and “current source PSW2” in the related
embodiment of Figures 1-30. Id., [0130] (“the various adaptations and specific
examples disclosed for the first embodiment are also applicable to the leakage
current reduction circuit of the third embodiment”). Thus, each of the low
leakage sleep circuits is associated with leakage reduction of a respective one of
the “circuit blocks CKT2a, CKT2b” and “the leakage current of the overall chip

can be efficiently reduced.” MTK-1005, [0122].
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366. Thus, a POSITA would have understood that Mizuno discloses and
renders obvious that each of its low leakage sleep circuits (i.e., the “power switch
PSW1” and “current source PSW2”) has an associated leakage reduction for a
respective power island (“circuit block CKT”).

367. Because Mizuno discloses or renders obvious each element of claim

10 of the *077 Patent, it is my opinion that Mizuno renders obvious claim 10.

12. Claim 11

368. Claim 11 recites “[t]he method as claimed in claim 10 further
comprising putting to sleep and taking out of sleep, at different times, at least one
of the power islands.” Mizuno renders obvious claim 11 for at least the reasons
discussed above with respect to claim 2 and claim 10, the discussion of which is
incorporated herein by reference.

13. Claim 12
369. Claim 12 recites “[t]he method as claimed in claim 11 wherein the
power manager employs a state machine to control the putting to sleep and the

2

taking out of sleep.” Mizuno renders obvious claim 12 for at least the reasons
discussed above with respect to claim 3, claim 10, and claim 11, the discussion

of which is incorporated herein by reference.

14. Claim 13

370. Claim 13 recites “[t]he method as claimed in claim 10 wherein the

variable voltage is an optimum voltage.” Mizuno renders obvious claim 13 for
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at least the reasons discussed above with respect to claim 4 and claim 10, the
discussion of which is incorporated herein by reference.

15. Claim 14

371. Claim 14 recites “[t]he method as claimed in claim 13 wherein the
optimum voltage is dependent upon both process variation and temperature
variation.” Mizuno renders obvious claim 14 for at least the reasons discussed
above with respect to claim 5, claim 10, and claim 13, the discussion of which is
incorporated herein by reference.

16. Claim 15

372. Claim 15 recites “[t]he method as claimed in claim 13 wherein the

2

optimum voltage is generated by a sleep generator.” Mizuno renders obvious
claim 15 for at least the reasons discussed above with respect to claim 6, claim

10, and claim 13, the discussion of which is incorporated herein by reference.

17. Claim 16

373. Claim 16 recites “[t] he method as claimed in claim 10 wherein the
control signal is a digital signal.” Mizuno renders obvious claim 16 for at least
the reasons discussed above with respect to claim 7 and claim 10, the discussion
of which is incorporated herein by reference.

18. Claim 17

374. Claim 17 recites “[t]he method as claimed in claim 10 wherein at
least one of the low leakage sleep circuits is connected in series to a source of a

supply voltage and to a logic gate or storage cell of an associated one of the power
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islands.” Mizuno renders obvious claim 17 for at least the reasons discussed
above with respect to claim 8 and claim 10, the discussion of which is
incorporated herein by reference.

19. Claim 18

375. Claim 18 recites “[t]he method as claimed in claim 17 wherein the
at least one of the low leakage sleep circuits modifies the supply voltage to the
associated one of the power islands during a sleep mode.” Mizuno renders
obvious claim 18 for at least the reasons discussed above with respect to claim 9,
claim 10, and claim 17, the discussion of which is incorporated herein by
reference.

E.  Analysis of Mizuno in View of Ko with Respect to Claims 3
and 12

376. For the reasons articulated in detail below, and based on my review
of the 077 Patent, and the Mizuno and Ko references, it is my opinion that a
POSITA would have readily understood that the combination of Mizuno and Ko
renders obvious claims 3 and 12 of the 077 Patent.

1. Combination of Mizuno and Ko

377. In my opinion, a POSITA would have been motivated to combine
Mizuno with Ko.

378. As an initial matter, a POSITA would have been motivated to
combine Mizuno and Ko because both references are directed to solving similar
problems. First, both Mizuno and Ko are concerned with reducing power

consumption in integrated circuits, including power consumption resulting from
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leakage currents during standby states. For example, Mizuno explains that its
“invention is ... capable of reducing the different types of leakage current ...
while the circuit block is in standby state” and “also allows high speed circuit
block operation while the circuit block is in the operation state.” MTK-1005,
[0009]; see also id., [0087]-[0088], [0093], [0130]. Similarly, Ko discloses that
its “invention relates generally to digital integrated circuits and, more
particularly, to reducing leakage current in power-saving standby modes of digital
integrated circuit operation.” MTK-1006, 1:14-17; see also id., 3:7-34, 7:20-50,
9:2-4, 9:42-50.
379. Second, both Mizuno and Ko describe solutions for retaining data in

integrated circuits during reduced-power standby states.

Noticing the fact that the information in the information

retention circuit can still be retained even if the supply

voltage when the power supply switch was off is made

lower than absolute value of the MOS transistor

threshold voltage, the inventors developed a structure

capable of retaining information in the information

retention circuit and reducing electrical power loss due
to leakage (current).

MTK-1005, [0007]. See also id., [0009], [0053], [0065]-[0066], [0087]-[0088]
(“The present invention is characterized in that power consumption due to
leakage current in the circuit block during the standby state can be greatly reduced
while still maintaining (keeping) the information within the information retention
circuits within the circuit block.”), [0099].

FIG. 2 diagrammatically illustrates exemplary
embodiments of a flip-flop with state retention
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capability for use in a state retention register according
to the invention. The flip-flop of FIG. 2 is a multi-
threshold CMOS (MTCMOS) Aflip-flop. This
MTCMOS flip-flop includes normal core transistors
which are used throughout the logic module and have a
first gate oxide thickness, and also includes additional
transistors having a thicker gate oxide (and
correspondingly less leakage) than the normal core
transistors. These thick gate oxide transistors are used
to implement the state retention functionality of the
flip-flop. The inverters connected back-to-back
between the nodes N10 and N11 form a shadow latch
for retaining data while power is removed from the
normal functional (in this example, DQ) flip-flop
circuitry. These inverters are formed with thick oxide
(low leakage) transistors and are powered by a separate
power supply VRETAIN, which is produced from the
permanent power supply VCC (see also FIG. 1).

MTK-1006, 3:7-24; see also id., Title, Abstract (“[s]tate retention registers for
use in low-power standby modes of digital IC operation are provided”), 4:8-13
(describing Ko’s invention “to reduce the leakage current while the shadow latch
is retaining data with the normal functional flip-flop circuitry powered-down”).
380. Notably, the ’077 Patent is directed to addressing these same
problems. For example, the 077 Patent is titled “Low Leakage and Data
Retention Circuitry,” and in its “Summary of the Invention™ describes “a data
retention circuit” that includes a “leakage optimization circuit ... configured to
simultaneously decrease leakage power in conjunction with the state retention,”
as well as a “circuit ...configured to process ... input signals and retain data in a
sleep state having low leakage.” MTK-1001, Title, 2:24-50; see also id.,

Abstract, 1:20-39, 3:49-55.
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381. A POSITA also would have been motivated to combine Mizuno and
Ko because they address the same known problems in similar ways. As I have
explained, Mizuno and Ko both reduce overall power consumption in integrated
circuits by placing portions of an integrated circuit into low-power standby states
when they are inactive, so that only the active portions of the integrated circuit
are receiving full power. See MTK-1005, [0054]-[0055], [0093], [0121]-[0122];
MTK-1006, 1:20-56, 2:63-3:6, 7:20-50.

382. To place portions of the integrated circuit into operational or standby
states, Mizuno and Ko both utilize MOS transistors. Mizuno refers to these
transistors as, for example, “power switch PSW1,” while Mizuno refers to them

as “header switches.” Id.

- FIG.22
VRETAIN POWER
SUPPLY
' PSW1
———————— . PSWGATE1 \\V$D VDDVDD
i REQ ) »
PMG PSC i |E ]
Aok l 1 Upsw2
+——VVDD
VRETAIN
FIG. 1 o

MTK-1006, FIG. 1 (annotated) (left); MTK-1005, FIG. 22 (annotated) (right).
383. In both references, the transistors are used to connect or disconnect
the portions of the integrated circuit from their operational voltage supply,

thereby placing the circuit blocks into operational or standby states, respectively.
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Id. That is, Mizuno and Ko both teach modifying the voltages applied to the
switching circuits to turn them on or off, thereby changing the voltage provided
to the portions of the integrated circuit depending on whether they are in
operational or standby states. /d. Changing the voltages to the portions of the
integrated circuit (i.e., specific circuit blocks) during operational and standby
states reduces overall power consumption in the system, including that due to
leakage currents. /d.

384. Mizuno and Ko also propose similar methods of achieving data
retention during low-power standby states. Specifically, Mizuno and Ko both do
so by optimizing the voltage applied to the portions of the integrated circuit that
are in standby so as to reduce power consumption while still maintaining the data
stored in the retention circuitry. MTK-1005, [0003], [0065], [0087], [0099];
MTK-1006, Abstract, 3:21-24. Mizuno explains that during standby, “[a]s shown
in FIG. 2 in the present invention, in order to retain information stored within the
information holding circuit within the circuit block CKT, the voltage value VFNL
of the virtual power line VVDD can be a voltage higher than voltage VRTN
which is the minimum voltage capable of retaining information stored within the
information holding circuit.” MTK-1005, [0065]. Similarly, Ko’s integrated
circuit includes a “separate power supply VRETAIN” set to a level capable of
powering data retention “shadow latches” during a “low-power standby mode.”

MTK-1006, Abstract, 3:21-24.
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385. Based on their similarities, it is my opinion that a POSITA
developing Mizuno’s system would have been motivated to look to Ko, and
would have been capable of integrating the teachings of each with a reasonable
expectation of success.

386. Specifically, the similarities between Mizuno and Ko would have
led a POSITA to employ Ko’s implementation of a state machine with Mizuno’s
“power switch controller PSC.” Mizuno puts a “circuit block CKT” into standby
or operational mode using its “power switch PSW1” that controls whether the
“circuit block CKT” receives an operating voltage VDD. MTK-1005, [0055],
[0093]-[0107]. The “power switch PSW1” is controlled by a “power switch
controller PSC” that generates a variable voltage “PSWGATE]1” that controls the
on or off status of the “power switch PSW1.” Id. Mizuno explains that the “power
switch controller PSC” employs specific combinations of elements as shown in

Figures 23-30. Two such examples, from Figures 23 and 29, are shown below.

FIG.23 FIG.29
PSW1
o (. PSW1s PSWGATE1YDD
PSWGATET REQ | o
REQ PMG i {cioRvs }hE?
PMG GIDRVI ACK

ACK T3] c20RV1 |— >

> & 1| T oo

SENS2

IPSC

TIM2 <]
| e [ [,

MTK-1005, FIGS. 23, 29.
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387. As shown, Mizuno’s “power switch controller includes control
circuits (e.g., “CIDRV,” “C2DRV”), drive circuits (e.g., “C1,” “C2”), a timer
(e.g., “TM1”), voltage potential detectors (e.g., “C3,” “SENSI1,” “SENS2”),
and/or a power switch (e.g., “PSW1s”). MTK-1005, [0093]-[0107], FIGS. 22-
30. Mizuno explains that these configurations are used to ensure that data is
retained during the transitions between standby and operational states.

The present invention 1is characterized in that
information is retained (held) within the information
retention circuits. Of course this information must be
retained when changing from the standby state to the
operation state and also when changing from the
operation state to the standby state. Information within
the information retention circuits might be destroyed
due to coupling noise from the virtual power line
VVDD during the change from the standby state to the
operation state. To eliminate this problem, the structure
in FIG. 23 utilizes a driving circuit with high
impedance C1 and a driving circuit with low impedance
C2 to drive the gate signal PSWGATEI] so the slew rate
is reduced. The coupling noise from the virtual power
line VVDD is reduced and the information within the
information retention circuits can be prevented from
being destroyed.

MTK-1005, [0099]; see also id., [0100].

388. While Mizuno discloses one approach to controlling the transition
between standby and operational states, a POSITA would have understood that
Mizuno’s solution is merely a design choice selected from among a finite number
of known solutions.

389. A POSITA would have understood that Ko discloses another

possible solution for putting portions of an integrated circuit into standby or
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operational states. MTK-1006, 7:20-50. Specifically, Ko discloses a “power
state controller 45 which, in some embodiments, utilizes state machines to
provide appropriate control signals to the header switches and logic modules” to
put the “logic modules” in the integrated circuit into standby or operational states.
Id. For example, Figures 5 and 13 of Ko are timing diagrams illustrating “the
timing relationships of the control signals produced by the power state controller
45” to ensure that data is not lost when putting a logic module into the “low-
power standby (state retention) mode of operation” and to restore data when
entering an operational mode form the standby mode. MTK-1006, 7:51-55, 11:9-

29.

[
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MTK-1006, FIG. 5.
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390. Because Mizuno and Ko provide a similar solution to a similar
problem within the same field of endeavor, it is my opinion that a POSITA would
have naturally looked at, and been motivated to combine, Mizuno and Ko when
selecting a method implementing transitions between standby and operational
states. Specifically, a POSITA would have understood that Mizuno’s “power
switch controller PSC” could employ Ko’s “state machines” to control the “gate
signal PSWGATEI] so the slew rate is reduced” when transitioning the “circuit
block CKT” between standby and operational states. In my opinion, such a
substitution of one known solution for another would have been a mere design

choice that was both obvious to try and would have yielded predictable results.’

? As I explained above, it is my opinion that Mizuno alone discloses and renders
obvious employing a state machine to put its power islands to sleep and take them
out of sleep (i.e., to transition them between standby and operating states).
However, as I explain here, to the extent that Mizuno alone does not render
obvious this feature, it is my opinion that Mizuno in combination with Ko renders

228



Moreover, doing so would have required merely routine electrical or computer
programming knowledge and was a task well within the skill of a POSITA. A
POSITA would have understood how to modify Mizuno’s “power switch
controller PSC” to use Ko’s state machine, and Mizuno’s integrated circuit would
not be negatively impacted by that modification.

391. In my opinion, a POSITA also would have been motivated to make
this substitution. First, a POSITA would have understood that a state machine
requires less circuit area to implement than a circuit like that disclosed by Mizuno
for its “power switch controller PSC.” Indeed, Mizuno acknowledges that
“surface area overhead” was a design concern. MTK-1005, [0089]. Thus, a
POSITA would have been motivated to use Ko’s state machine to reduce the
“surface area” of the “power switch controller PSC” without losing the ability to
retain data during transitions to and from the standby state. For example, in the
embodiment of Figures 35-40, the separate “power switch controller[s] PSC” in
the “leakage reduction circuits PSM2a and PSM2b” would be replaced by a single
state machine capable, as taught by Ko, of controlling the transitions between
operational or standby status of multiple power islands (e.g., “circuit blocks
CKT2a and CKT2b”). See, e.g., MTK-1005,[0121]; MTK-1006, 7:38-42.

392. Second, a POSITA would have understood that Mizuno’s analog

solution to controlling the transitions between operating and standby states,

obvious employing a state machine to control such transitions as recited by claim
3.
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including the change of variable voltage PSWGATEI], is susceptible to process
and temperature variations. Therefore, a POSITA would have been motivated to
replace Mizuno’s “power switch controller PSC” design with Ko’s “state
machine” because a POSITA would have understood that Ko’s “state machine”
is a digital circuit that is less susceptible to environmental and process variations.
Thus, a POSITA would have been motivated to implement Ko’s “state machine”
in Mizuno’s integrated circuits to obtain these benefits over the circuitry
employed by Mizuno’s “power switch controller PSC.”

393. Therefore, it is my opinion that a POSITA would have been
motivated to combine Mizuno with Ko and would have been capable of doing so
with a reasonable expectation of success.

2. Claim 3

394. Claim 3 recites “[t]he method as claimed in claim 2 wherein the
power manager employs a state machine to control the putting to sleep and the
taking out of sleep.” In my opinion, to the extent that Mizuno alone does not
render obvious claim 3, the combination of Mizuno and Ko renders obvious claim
3.

395. As I explained with respect to claim 3 when discussing the
combination of Takahashi and Ko, Ko employs “state machines to provide
appropriate control signals to the header switches and logic modules™ to transition
the “logic modules” between active and standby states. See MTK-1006, 7:20-50,

9:42-50; Section VIII.B.3.
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396. Inmy opinion, a POSITA would have found it obvious for Mizuno’s
“power switch controller PSC” to employ a state machine as taught by Ko to
control the putting to sleep and taking out of sleep of power islands (e.g., the
“circuit block CKT”) in Mizuno’s integrated circuit. As discussed above, a
POSITA would have understood that Ko’s state machine would consume less
surface area than Mizuno’s implementation and would be less susceptible to
environmental and process variations. Thus, a POSITA would have been
motivated to use Ko’s state machine in lieu of Mizuno’s “power switch controller
PSC” circuitry (e.g., as shown in Figure 23) to improve the “power switch
controller PSC’s” ability to place the “circuit block CKT” into an operational or
standby mode without losing data. MTK-1005, [0093]-[0107].

397. A POSITA would have had a reasonable expectation of success in
combining Ko with Mizuno in this way. Because the combination utilizes known
methods and is well within the skill of a POSITA, replacing Mizuno’s “power
switch controller PSC” with Ko’s “state machine” represents a simple
substitution of one known element for another. Further, incorporating Ko’s “state
machine” would result in reduced surface area for the low leakage mechanism in
Mizuno’s and would reduce the temperature and process dependence in the
timing of the signal PSWGATE] used to transition Mizuno’s power islands
between active and standby states. Id. Thus, it is my opinion that a POSITA
would have been motivated to modify Mizuno’s power manager (i.e., “power

switch controller PSC”) to use Ko’s “state machine” to improve its ability to
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transition the “circuit block CKT” power island between standby and operational
states without risk of data loss. MTK-1005, [0099]-[0101].

398. It is therefore my opinion that the combination of Mizuno and Ko
renders obvious claim 3.

3. Claim 12
399. Claim 12 recites “The method as claimed in claim 11 wherein the
power manager employs a state machine to control the putting to sleep and the

2

taking out of sleep.” To the extent that Mizuno alone does not render obvious
claim 12, the combination of Mizuno and Ko renders obvious claim 12 for at least
the reasons discussed above with respect to claim 3, the discussion of which is

incorporated herein by reference.

IX. ADDITIONAL REMARKS

400. I currently hold the opinions set expressed in this declaration. But
my analysis may continue, and I may acquire additional information and/or attain
supplemental insights that may result in added observations.

401. I hereby declare that all statements made of my own knowledge are
true and that all statements made on information and belief are believed to be
true. I further declare that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of the Title 18 of the United States

Code.
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Dated: March 6.2024 By: W

Paul Min, Ph.D.
St. Louis, Missouri
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Patent Infringement for Mobile Devices

Paul Hastings

Odyssey Wireless, Inc,. v. Samsung Electronics Co., Ltd., et al, Case No. 3:15-cv-
1738-H-RBB (U.S.D.C.S.D. Cal.)

Testifying Expert for Samsung.

Completed in October 2016.

(Expert reports submitted.)

Patent Infringement for Mobile Devices

Greenberg Traurig

Mobile Telecommunications Technologies LLC v. Amazon.com, Inc., 2:13-cv-
883-JRG-RSP (U.S.D.C. E.D. Texas)

Testifying Expert for Amazon.

Completed in April 2015.

(Expert reports submitted, and deposed.)

Patent Infringement for Mobile Devices

Mayer Brown

Mobile Telecommunications Technologies LLC v. LG Electronics Mobilecomm
U.S.A., Inc., 2:13-cv-947-JRG-RSP (U.S.D.C. E.D. Texas)

Testifying Expert for LG Electronics Mobilecomm.

Completed in February 2016.

(Expert reports submitted, and deposed.)

Patent Infringement for Semiconductor Devices

Mayer Brown

Inter Parte Reexamination for U.S. Patent Nos. 6,895,520 and 6,899,332
Expert for LG Electronics.

Completed in February 2016.

(Expert declaration submitted, and deposed.)
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Patent Infringement in Vehicular Electronics

Gardner, Linn, Burkhart & Flory, L.L.P

Magna Electronics Inc. v. TRW Automotive Holdings Corp. et al., Civil Action
No. 1:12-cv-00654 (Western District of Michigan), and relating to the action
styled Magna Electronics Inc. v. TRW Automotive Holdings Corp. et al., Civil
Action No. 1:13-cv-00324 (Western District of Michigan).

Testifying Expert for Magna Electronics

Completed in February 2016.

(Expert reports submitted, and deposed.)

Patent Infringement in Electronic Circuits

Ropes and Gray

Certain Devices Containing Non-Volatile Memory and Products Containing the
Same (USITC Inv. Nos. 337-TA-922)

Testifying Expert for Spansion Inc.

Completed in February 2015.

(Expert reports submitted.)

Trade Secret Misappropriation in Software Method for Cable Television
Advertisement

Brownstein Hyatt Farber Schreck

Cross MediaWorks v. EMT Holdings, USDC Southern District of New York,
Case No. 1:14-cv-00561-VSB

Testifying Expert for Cross MediaWorks.

Completed in April 2015.

(Testified during injunction hearing.)

Patent Infringement in Vehicular Electronics
Steptoe and Johnson

Certain Vision-Based river Assistance System Cameras and Components Thereof
(USITC Inv. Nos. 337-TA-899 and 907)

Testifying Expert for Magna Electronics

Completed in February 2015.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Vehicular System

Susman Godfrey

Eagle Harbor Holdings, LLC, and Mediustech, LLC, v. Ford Motor Company,
3:11-cv-05503-BHS (U.S.D.C. Western District of Washington at Tacoma)
Testifying Expert for Mediustech.

Completed in March 2015.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Communication Networks
Davis Polk & Wardwell LLP
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Sprint Communications Company L.P., v. Comcast Cable Communications, LLC,
Comcast IP Phone, LLC, and Comcast Phone of Kansas, LLC. 2:11-cv-02684-
KHV-DJW (U.S.D.C. Kansas)

Testifying Expert for Comcast.

Retained in March 2012.

(Expert reports submitted, and deposed.)

Patent Infringement for Communication Networks

Quinn Emanuel

France Telecom S.A. v. Marvell Semiconductor, Inc., 12-Civ-4986 (S.D.N.Y.)
Testifying Expert for Marvell.

Completed in September 2014.

(Expert reports submitted, deposed, and testified during trial.)

Wireless Image Distribution
Jones Day

Inter Partes Review of U.S. Patent No. 8,437,797
Expert for Google Inc.

Completed in November 2014.

(Expert declaration submitted.)

Nonvolatile Semiconductor Memories
Jones Day

Inter Partes Review of U.S. Patent Nos. 8,301,833 and 8,516,187
Expert for SanDisk.

Completed in May 2014.

(Expert declaration submitted.)

Communication Protocols for Wireless Device

Dorsey & Whitney, LLP

Certain Point-To-Point Network Communication Devices and Products
Containing Same (USITC Inv. No. 337-TA-892)

Testifying Expert for Toshiba

Completed in May 2014.

(Expert reports submitted, and deposed.)

Patent Infringement for Wireless Networks

Ropes and Gray

In the Matter of Certain Wireless Devices With 3G and/or 4G Capabilities and
Components Thereof (USITC Inv. No. 337-TA-868) InterDigital Comms., Inc. v.
Huawei Techs. Co., Ltd., No. 13-00008 (D. Del., filed January 2, 2013),
InterDigital Comms., Inc. v. ZTE Corp., No. 13-00009 (D. Del., filed January 2,
2013), InterDigital Comms., Inc. v. Nokia Corp., No. 1:13-cv-00010 (D. Del.,
filed January 2, 2013), InterDigital Comms., Inc. v. Samsung Elec. Co., Ltd., No.
13-00011 (D. Del., filed January 2, 2013)

Testifying Expert for Joint Defense Group.
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Completed in February 2014.
(Expert reports submitted, deposed, and testified during trials.)

Patent Infringement for Mobile Communication

Finnegan, Henderson, Farabow, Garrett & Dunner, L.L.P.

Certain Digital Media Devices, Including Televisions, Blu-Ray Disc Players,
Home Theater Systems, Tablets and Mobile Phones, Components Thereof and
Associated Software (USITC Inv. No. 337-TA-882)

Testifying Expert for LG Electronics, Inc.

Completed in February 2014.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Wireless Networks

Vinson & Elkins LLP

Wi-LAN USA, Inc. and Wi-LAN, Inc. v. Telefonaktiebolaget LM Ericsson and
Ericsson, Inc. (USDC: Southern District of FL - Case #1: 12-cv-23569), Wi-LAN
USA, Inc. and Wi-LAN, Inc. v. Alcatel-Lucent USA, Inc. (USDC: Southern
District of FL - Case #1: 12-cv-23568-Altonaga/Simonton)

Testifying Expert for Wi-LAN.

Completed in May 2015.

(Expert reports submitted, and deposed.)

Patent Infringement for Data Storage

Ropes and Gray, Weil Gotshal

Summit Data Systems, LLC v. EMC Corporation., et al. 1:10-cv-00749-GMS
(U.S.D.C. Delaware)

Testifying Expert for EMC Corporation and Netapp, Inc.

Completed in December 2012.

(Expert reports submitted, and deposed.)

Patent Infringement for Wireless Mobile Device

Ashurst Australia

Samsung v. Apple, Australian Federal Court Proceeding No. NSD 1243 of 2011
Testifying Expert for Samsung Electronics.

Completed in December 2012.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Wireless Mobile Devices

Quinn Emanuel

Apple Inc. v. Samsung Electronics Co., Ltd., et al., 4:11-cv-01846-LHK (N.D.
Cal.) and Samsung Electronics Co., Ltd., et al. v. Apple Inc., 4:11-cv-02079 (N.D.
Cal.)

Testifying Expert for Samsung Electronics.

Completed in July 2012.

(Expert reports submitted, and deposed.)
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Patent Infringement for Wireless Mobile Device
Quinn Emanuel

Certain Electronic Devices, Including Wireless Communication Devices, Portable
Music And Data Processing Devices, And Tablet Computer, U.S.I.T.C. Inv. No.
337-TA-794

Testifying Expert for Samsung Electronics.

Completed in June 2012.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Portable Storage Device

White and Case

CERTAIN UNIVERSAL SERIAL BUS (“USB”) PORTABLE STORAGE
DEVICES, INCLUDING USB FLASH DRIVES AND COMPONENTS
THEREOF, US International Trade Commission Investigation No. 337-TA-788
Testifying Expert Witness for Trek

Completed in May 2012.

(Expert reports submitted, and deposed.)

Copyright Infringement for Petroleum Processing Software

Osha Liang LLP

Aspen Technology, Inc. v. Tekin A. Kunt and M3 Technology, Inc., Case
Number: H-10-1127, US District Court, Texas, Houston Division.
Testifying Expert for M3 Technology, Inc.

Completed in May 2012.

(Expert reports submitted, deposed, and testified during trial.)

Trade Secret Misappropriation for DC-DC converter

Covington & Burling, Haynes Boone

Certain DC—DC Controllers and Products Containing Same, US International
Trade Commission Investigation No. 337-TA-698

Testifying Expert for UPI.

Completed in March 2012.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Parallel Processor

Orrick, Herrington, & Sutcliffe. Kirkland and Ellis.
BIAX Corporation v. Nvidia and Sony Civil Action No. 09-cv-01257-PAB-MEH
Testifying Expert for Nvidia and Sony
Completed in March 2012.

(Expert reports submitted, and deposed.)

Patent Infringement for Call Center Technology

Dufty, Sweeney, and Scott. Foley Lardner.

Ronald Katz Technology Licensing v. Citizens Financial Group 7-ML-1816-C
RGK (FFM)

Testifying Expert Witness for Citizens Financial Group.
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Completed in 2011.
(Expert reports submitted, and deposed.)

Patent Infringement for Storage Area Network

DLA Piper

Network Appliance, Inc., v. Sun Microsystems, Inc., Case Number: C-07-06053
EDL, US District Court, Northern District of California, San Francisco Division.
Testifying Expert for Sun Microsystems, Inc.

Completed in 2010.

(Expert reports submitted, and deposed.)

Patent Infringement for Flat Panel Display Controller

Jones Day

Certain Video Displays, Components Thereof, and Products Containing Same, US
International Trade Commission Investigation No. 337-TA-687

Testifying Expert for Vizio, Inc.

Completed in 2010.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Call Center Technology

Foley Lardner

Ronald Katz Technology Licensing v. US Bank 7-ML-1816-C RGK (FFM)
Testifying Expert Witness for US Bank

Completed in May 2009.

(Expert reports submitted, and deposed.)

Patent Infringement for USB to VGA Converter

Wang Hartmann, Gibbs, & Cauley, P.C.

Displaylink Corporation v. Magic Control Technology Corporation, Case No.
5:07-CV-01998-RMW, US District Court, Northern District of California, San
Francisco Division.

Testifying Expert for Magic Control Technology Corporation

Completed in 2009.

(Expert reports submitted, and deposed.)

Patent Infringement for Flash Memory

Jones Day and Wilson Sansini

Certain Flash Memory Controllers, Drives, Memory Card, and Media Players and
Products Containing Same. US International Trade Commission Investigation
No. 337-TA-619

Testifying Expert for SanDisk Corporation.

Completed in 2008.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Semiconductor Packaging
Jones Day
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Certain Semiconductor Chips with Minimized Chip Package Size and Products
Containing the Same. US International Trade Commission Investigation No. 337-
TA-605

Testifying Expert for Freescale Semiconductor

Completed in 2008.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Automatic Switching System

Jones Day, and Heller Ehrman, LLP.

ATEN International Co., Ltd and ATEN Technology, Inc. v. Belkin Corporation,
Belkin Logistics, Inc. and Emine Technology Co., Ltd. US International Trade
Commission Investigation No. Ltd 337-TA-589

Testifying Expert for Belkin Corporation, Belkin Logistics, Inc., and Emine
Technology Co., Ltd.

Completed in 2007.

(Expert reports submitted, deposed, and testified during trial.)

Patent Infringement for Dual Mode Communication

Wilmer Cutler Pickering Hale and Dorr, LLP

Broadcom Corporation v. Qualcomm Incorporated SACV05-467-JVS (RNBx)
Testifying Expert Witness for Broadcom Corporation

Completed in 2007.

(Expert reports submitted, deposed, and testified during trial.)
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