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Claims 1 and 8 of the 443 Patent

1. A multiple-clock-domain microprpcessor comprising:
a plurality of domains;

for each of the plurality of domains, a clock for separately

generating a clock signal at a frequency for that
domain, the frequency being dynamically changeable

independently of the frequencies of the clock signals

generated for others of the plurality of domains; and
for each of the plurality of domains, a voltage put for

receiving a voltage which is dynamically changeable

mdependently of the voltages applied to said others of

the plurality of domains.

8. A method of operating a microprocessor, the method
comprising:

(a) providing a plurality of domains in the microproces-
sor;

(b) clocking each of the domains separately at a clock
frequency;

(c) applying a voltage to each of the domains separately:

(d) operating the microprocessor such that each domain
operates synchronously, while the domains operate
asynchronously relative to one another; and

(e) dynamically controlling the clock frequency and the
voltage in each of the plurality of domains indepen-
dently of the clock frequencies and the voltages in
others of the plurality of domains.

Ex. 1001, claims 1, 8
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Overview of Grounds

IPR 2024-01225 — Instituted Grounds

Grounds Claim Reference(s)
Ground 1: § 103 1, 3-5, 8-9, 12 Shenai
Ground 2: § 103 4.9 Shenai, Halepete
Ground 3: § 103 5-7,10, 11 Shenai, Sherburne * All disputes

: relate to Shenai
Shenai, Sherburne,

Ground 4: § 103 7 Traylor and Georgiou.
Ground 5: § 103 1,3, 8,12 Georgiou

Ground 6: § 103 4,9 Georgiou, Halepete

Ground 7: § 103 5, 10 Georgiou, Kranich
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Overview of Shenai
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Overview of Georgiou
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1. The Challenged Claims Do Not Require Construction

“The Patent Owner maintains that the Challenged Claims should have
their plain and ordinary meaning.”

Paper 14, p. 19

1. A multiple-clock-domain microprpcessor comprising:
a plurality of domains;

for each of the plurality of domains, a clock for separately
generating a clock signal at a frequency for that
domain, the frequency being dynamically changeable
independently of the frequencies of the clock signals
generated for others of the plurality of domains; and

for each of the plurality of domains, a voltage mput for
receiving a voltage which is dynamically changeable

imdependently of the voltages applied to said others of
the plurality of domains.

Ex. 1001, claim 1

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 11



1. The Challenged Claims Do Not Require Construction

| Patent Owner nevertheless offers various limiting constructions. |

Claim 1 allegedly “requires that the separate clocks in

Paper 7, p. 20;
Paper 14, p. 20

the plurality of domains be globally-asynchronous.”
Claim 1 allegedly “does not cover synchronized systems

like Sarmenta that maintain global synchronization by

Paper 7, p. 24

restricting the possible choice of frequencies to those

)N

related by a ‘rational factor’.
Claims are allegedly “limited to systems that permit each

domain to operate at independently selected,

Paper 14, p. 24

dynamically changeable frequencies without global
synchronization constraints.’

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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1. The Challenged Claims Do Not Require Construction

| Patent Owner offers various limiting constructions. |

Claims allegedly require that “each domain must be free to
enerate and change its clock frequency without being
ethered to small integer multiples of the other domains.”

Claims allegedly “require domain-local clocks without rational-
ratio tethering, and GALS operation that is synchronous
within a domain and asynchronous across domains.”

Claims allegedly “require that each domain generate its clock
signal independently, and that the frequency of each domain’s
clock by dynamically changeable without being constrained by
the frequencies of other domains.”

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Paper 18, p. 18

Paper 14, pp. 36-37

Paper 14, pp. 36-37
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1. The Challenged Claims Do Not Require Construction

Limitations alleged by Patent Owner are contrary to the
“plain and ordinary meaning.”

1. A multiple-clock-domain nucroprpeessor comprising:

perioeledo Claim 1 does not recite any of:
a plurality of domains;

for each of the plurality of domains, a clock for separately

11 - - 7
generating a clock signal at a frequency for that * small Iﬂteger mU|t|p|eS

domaimn, the frequency being dynanucally changeable

independently of the frequencies of the clock signals e “GALS”/ “Syn chronization”

generated for others of the plurality of domaimns; and
for each of the plurality of domains, a voltage mnput for

receiving a voltage which is dynamically changeable * “rational factor” / “rational

mdependently of the voltages applied to said others of ratiO”
the plurality of domains.

Paper 17, pp. 8-11; Ex. 1001, claim 1 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 14




1. The Challenged Claims Do Not Require Construction

| Limitations alleged by Patent Owner are unsupported by the specification. |

To achieve the above and other objects, the present
invention is directed to a multiple clock domain (MCD)
microarchitecture, which uses a globally-asynchronous,
locally-synchronous (GALS) clocking style. In an MCD
microprocessor each functional block operates with a sepa-
rately generated clock, and synchronizing circuits ensure
reliable inter-domain communication. Thus, fully synchro-
nous design practices are used in the design of each domain.
Although the inter-domain synchronization increases the
number of clock cycles required to run a given application,
an MCD microprocessor affords a number of potential
advantages over a singly clocked design:

While a preferred embodiment of the present invention
has been set forth above, those skilled in the art who have
reviewed the present disclosure will readily appreciate that
other embodiments can re realized within the scope of the
invention. For example, numerical values and fabrication
techniques are illustrative rather than limiting. Also, while
four domains have been disclosed, 1t 1s possible to imple-
ment a processor with more or fewer domains and with

T . different boundaries among the domains. Other possible
The global clock distribution network is greatly variations of the invention have been noted above.

simplified, requiring only the distribution of the exter- Therefore. the present invention should be construed as
nally generated clock to the local Phase Lock Loop limited only by the appended claims.

(PLL) in each domain.

The independence of each local domain clock implies no
global clock skew requirement, permitting potentially higher
frequencies within each domain and greater scalability in
future process generations.

Paper 17, pp. 8-11; Paper 14, pp. 19-22; Ex. 1001, 4:13-33, 16:63-17:7 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 15




1. The Challenged Claims Do Not Require Construction

| Limitations alleged by Patent Owner are unsupported by the specification. |

The primary disadvantage of an MCD processor is the
performance overhead due to inter-domain synchronization.
In this section, we discuss the circuitry required to perform
this synchromzation. We discuss how to model its perfor-
mance cost below.

Some synchronization schemes restrict the phase relation- S pe lel Catl on I n CI U d es no ) CI ear an d

ship and relative frequencies of the clogks, thereby elimi- unmistakable statement of disavowal
nating the need for hardware arbitration . Unfortunately, Of Clalm SCO pe_”

these schemes impose significant restrictions on the possible
choices of frequencies. In addition, the need to control the

phase relationships of the clocks means that global clock See Mercedes-Benz USA, LLC v. Carucel
synchronization is required. Our design specifically recog- Investments, LP, IPR201 9-01404, Paper 38,
nizes the overhead associated with independent clocks with 19-20 (Jan_ 15, 2021 ) (d|st|ngu|sh|ng Pacing
no known phase relationship. We believe this overhead to be Tech nologie S) _

unavoidable in an MCD processor: one of the motivating
factors for the design 1s the recognition that traditional
global clock distribution will become increasingly difficult
in the future.

L.. F. G. Sarmenta, G. A. Pratt, and S. A. Ward.
Rational Clocking. In Proceedings of the International Con-
ference on Computer Design, Austin, Tex., October 1995,

Paper 17, pp. 8-11; Paper 14, pp. 19-22; Ex. 1001, 6:27-44 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 16




1. The Challenged Claims Do Not Require Construction

| The claims cannot be construed to exclude the Preferred Embodiment. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Matzke has estimated that as technology scales down to a
0.1 pm feature size. only 16% of the die will be reachable
within a single clock cycle [24]. Assuming a chip multipro-
cessor with two processors per die, each processor would
need to have a minimum of three equal-size clock domains.
The preferred embodiment uses four domains, one of which
includes the [.2 cache, so that domains may vary somewhat
in size and still be covered by a single clock. In effect, we
treat the main memory interface as a fifth clock domain,
external to the MCD processor, and always running at full
speed.

To achieve the above and other objects, the present
invention is directed to a multiple clock domain (MCD)
microarchitecture, which uses a globally-asynchronous.
locally-synchronous (GALS) clocking style. In an MCD
microprocessor each functional block operates with a sepa-
rately generated clock, and synchronizing circuits ensure
reliable inter-domain communication. Thus, fully synchro-
nous design practices are used in the design of each domain.
Although the inter-domain synchronization increases the
number of clock cycles required to run a given application,
an MCD microprocessor affords a number of potential
advantages over a singly clocked design:

The global clock distribution network i1s greatly

simplified, requiring only the distribution of the exter-
nally generated clock to the local Phase Lock Loop

(PLL) m each doman.

Ex. 1001, 4:13-29, 5:49-62 (annotated); Paper 17, pp. 11-12

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

17



Overview
« '443 Patent
* Shenai Prior Art Reference
» Georgiou Prior Art Reference

Disputes
« Challenged Claims do not require construction
« Shenai is prior art to the '443 patent
« Shenai teaches domains with independently changeable frequencies

« (Georgiou teaches domains with independently changeable
frequencies

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 18



2. Shenai is Prior Art

8/10/2001 8/12/2002

® ®
Alleged Simulation ‘443 Earliest Priority
Shenai is prior art for either of the (2/2002) Claim (1/20/2003)

following reasons: TETERET ORI CE AR A00

US 20030030326A1
a9 United States
a2 Patent Application Publicati011 (10) Pub. No.: US 2003/0030326 A1

1) Patent Owner did not reduce Shenai et al. & Pub. Date:  Feb, 13, 2003
claims to practice; or 59 DRTABIED POV D sure S 5, 0, Pl o

cation No. 60/338,510, filed on Nov. 5, 2001.

(75) Inventors: Krishna SHenai, Naperville, IL (US);

Erik A. M@Shane, Lockport, IL (US) Publication Classification
[ Correspondence Addregs: (51) Int. CL7 FR— ¢ (12 B V) b
2) Shenai predates the alleged
McDonnell Bochnen Bulbert & Berghofl
32nd Floor 57) ABSTRACT

300 S. Wacker Drive

[ ] [ ]
Chicago, 1L 60606 (US) A power distribution management apparatus for supplying
- ” 80, Tl : power to two or more loads includes a power and clock

(73) Assignee: Shakti Sysfems, Inc distribution controller capable of determining voltage, cur-
’ - - rent and clock signal frequency targets for the loads. The

(21) Appl. No.: 10/‘2I7|840 apparatus also includes two or more POWer sources respon-

sive 10 the controller so as to be selectively coupled with the

(22) Filed: Aug. 12, 2002 loads to provide the target voltage and current to the loads.

I'he power sources have switching frequencies of at lcast

_I Related U.S. Application Data one megahertz. The apparatus further includes two or more
clock signal sources responsive to the controller and coupled

with the loads so as to provide clock signals to the loads at

(60) | Provisional application No. 60/311,575, filed on Aug.
: " the target frequencies.

10, 2001

Paper 17, pp. 12-19; Ex. 1004, p. 1 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 19




2. Patent Owner Has Not Proved Reduction to Practice

| All claims recite a microprocessor. |

8. A method of operating a microprocessor, the method

1. A multiple-clock-domain microprpeessor comprising: comprising;
a plurality of domains; (a) providing a plurality of domains in the microproces-
for each of the plurality of domains, a clock for separately b Smi" ki h of the doma; 1 lock
4 4 - 111 7 .
generating a clock signal at a frequency for that ( ch Dl‘fﬂi‘:}—‘_ cach ol The domams separalely at a cloc
domain, the frequency being dynamically changeable ( red i & ltage t h of the domai el
* ] ) - - B r '\.’ r
independently of the frequencies of the clock signals ;J app :"1:,1 & aﬂ © g'f f' eac i }c hﬂ:ll:ﬂ:ns S;P;m o’
generated for others of the plurality of domains; and (d) operating the microprocessor such that each domain

‘ ] ] ) . ) ] operates synchronously, while the domains operate
for each of the plurality of domains, a voltage mput for asynchronously relative to one another; and

receiving a voltage which is dynamically changeable (e) dynamically controlling the clock frequency and the

mdependently of the voltages applied to said others of voltage in each of the plurality of domains indepen-

the plurality of domains. dently of the clock frequencies and the voltages in
others of the plurality of domains.

Paper 17, pp. 12-19; Ex. 1001, claims 1, 8 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 20




2. Patent Owner Has Not Proved Reduction to Practice

The alleged SimpleScalar simulation did not embody any
claim in “tangible form.”

Q. Is the simulation data produced as,
like, a file at the output of the SimpleScalar
system? Like a data file, is that what it

produces?

0. End a microprocesscor is a physical item.
A, I forget the exact output format. It

Is that true? .
could hawve besen on a screen, or i1t could have

A, Yes.

been in a file. B2nd I'm sure you can write

what's on a screen to a file, because that's what
ends up happening, so .

Q. Okay. But it doesn't produce software
or fabricate anything like a 3D printer; is that
correct?

i No .

Ex. 1033, 84:2-4, 88:11-23 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 21




2. Patent Owner Has Not Proved Reduction to Practice

The alleged SimpleScalar simulation preceded any
tangible embodiment.

Q. Does the SimpleScalar system produce .
You know, 1f wou want Lo gst

anything physical; for instance, fabricating .
cycle-accurate, go build the hardware, but, wvyou

hardware? . .
know, mavbe a couple million dollars later talk

B. What SimpleScalar does is gives you
to me.
guidance on the potential benefits of -- and,
Q. Is that generally how --
possibly, the guidance on sizing and dimensions . . o o
A, This 15 how -- this 1s how -- this 1is

of what you might want to fabricate. . .
how industry does their work, okay? You know,

The whole purpose between, vou . . o .
this 153 not -- I'm very familiar with 1t.

know, using a simulater like this is teo avoid . . .
Q. SEo once the simulaticon is created, how

the cost of going through the fabrication process
is it wvalidated?

each time, which is both time-consuming and very . .
A, It's walidated against real hardware.

expensive, and provides yofju with, you know, a

good walidation of your architectural idea.

Ex. 1033, 87:20-88:7, 103:15-25 (annotated)
DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 22




2. Patent Owner Has Not Proved Reduction to Practice

None of the cases on which Patent Owner relies held that a simulation
qualifies as a reduction to practice of a physical device.

« Taskett v. Dentlinger — third-party institution not required for

step of “obtaining financial authorization”

« Williams v. Adm’r of NASA — lab testing of a physical satellite

« Scott v. Finney — demonstration in a human patient of a
physical prosthetic implant

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

Paper 18, pp. 13-16
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2. Shenai is Entitled to the Filing Date of the Provisional

| The Provisional supports claim 1. |

| Static |
DC/DC

1. A power distribution management apparatus for sup- e
plying power to a plurality of loads, the apparatus compris- i
: : l o b wﬁg:dm
lﬂg . _J—DG;DC L]])O voltage i :Cm m‘ >
a power and clock distribution controller gapable of
determining voltage, current and clock signal fre- B e BN » <
quency targets for the plural loads; | [oae] o[ L
plural power sources responsive to the controller so as to M
be selectively coupled with the loads to provide the =1 ]
target voltage and current to the loads, wherein the 1 swicvme ¥ st ity stV
power sources have switching frequencies of at least —
one megahertz; and Ex. 2006, p. 17 (annotated)
plural clock signal SOUrces re,sponsivg to the controller Finally, to control the cross-bridge network, to specify dynamically the voltage output by
and coupled with the loads so as to pmvide clock each of ” power sources, and‘iu speci.fy thc. c.lock frequency delivgred to each of " load clustc.rs,
signals to the loads at the target frequencies a dynamic controller is provided. It is envisioned that the dynamic controller will operate with

the cooperation of scheduling software, operating system prioritization, or dynamic performance
and power optimization algorithms as known to the art.

Ex. 1004, claim 1 (annotated)

Ex. 2006, p. 12 (annotated)
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2. Shenai is Entitled to the Filing Date of the Provisional

| Dr. Baker’s testimony as to support for claim 1 stands unrebutted. |

A, Current

21.  EX. 2006 explains that the “dynamic controller” shown in the top right

th rtional relationship of to both volt d ti lement
corner of Figure 2 is provided to “specify dynamically the voltage output by each of © proportional refationsiip of power to bothi vollage and curent 1s an efementary

. . principle of electronic circuits.
n power sources, and to specify the clock frequency delivered to each of m load

. . 24, Further, the dynamic controller described in Ex. 2006 would also be
clusters.” Ex. 2006, 12. EX. 2006 further states that the “dynamic controller will

capable of specifying circuit parameters other than voltage and uency, includin
operate with the cooperation of scheduling software, operating system prioritization, P pecifying P g frequency €

current. Configuring the dynamic controller to specify current in addition to voltage
or dynamic performance and power optimization algorithms.” Jd. According to Ex. g pecify g

and frequency would be a routine matter of adjusting the scheduling software,
2006, the architecture ““will reduce load cluster power dissipation to 10% to 50% of d Y ! € g

tin, fs ioritizati and/ timization algorithm d with thy
that delivered by the present state-of-the-art.” Id. operating systet prionitization, or P ation aigorttms Used Wi ©

22, Power (P) is related to voltage (V) and (T) by the following equation: dynamic controller. A POSITA reading Ex. 2006 would have recognized that the

PVl dynamic controller could be configured to perform simple calculations.

Lo . . 25. A POSITA would have therefore recognized that the inventors of Ex.
23. To reduce load cluster power dissipation as in Ex. 2006, the dynamic

2006 d troller both ble of ifyi t d
controller would also specify current. By specifying both current through the n possessed a controller ‘both capable of specifying currents and, more

specifically, configured to specify currents.

power sources and voltage, the dynamic controller would be able to manage power

dissipation, which is proportional to both current and voltage. Without specifying
the current, the dynamic controller could not effectively manage power dissipation,

at least because power dissipation would vary proportionally with current. A

POSITA reading Ex. 2006 would have immediately recognized this at least because Ex. 1032, 1'”"' 21_25, see also Paper 18, pp. 17-18
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2. Shenai is Entitled to the Filing Date of the Provisional

| The Provisional supports a microprocessor. |

» Microprocessor = “an electronic integrated circuit, typically a
single-chip package, capable of receiving and executing
coded instructions.” Ex. 1035, p. 6, Ex. 1032, 26

* No dispute that Ex. 2006 discloses an integrated circuit.

See Paper 14, pp. 40-42; Paper 18, pp. 17-18

Finally, to control the cross-bridge network, to specify dynamically the voltage output by
each of n power sources, and to specify the clock frequency delivered to each of m load clusters,
a dynamic controller is provided. It is envisioned that the dynamic controller will operate with
the cooperation of scheduling software, operating system prioritization, or dynamic performance
and power optimization algorithms as known to the art.

Ex. 2006, p. 12; Ex. 1032, 9 27 (annotated)

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 26



2. Shenai is Entitled to the Filing Date of the Provisional

| Dr. Baker’s testimony as to support for a microprocessor stands unrebutted. |

27.  As previously mentioned, Ex. 2006 states that the “dynamic controller
will operate with the cooperation of scheduling software, operating system
prioritization, or dynamic performance and power optimization algorithms.” Id. For
“cooperation™ with software, an OS, or optimization algorithms, the dynamic
controller would necessarily receive and execute instructions to perform
computations as directed by the software, OS, and/or algorithms. As this was an
ordinary application of a controller in August 2001, a POSITA would have
recognized from Ex. 2006 that at least the dynamic controller portion of the
architecture would have to be “capable of receiving and executing coded
instructions.”

28, Based on the foregoing, a POSITA would have recognized that the
architecture described in Ex. 2006 would meet the accepted definition of a

“microprocessor.”

29.  Additionally, Ex. 2006 is directed to solutions for minimizing power
consumption while maintaining performance in electronic systems using voltage
scaling and/or frequency scaling. Ex 2006, 8-9. In the “Background of the Invention™
section, where the state of the art is typically described in similar papers, Ex. 2006

references earlier research by Thomas D. Burd that was documented in an IEEE

paper titled “A Dynamic Voltage Scaled Microprocessor System.” Ex. 2006, 9.
Burd’s paper describes a voltage scaling and frequency scaling approach
implemented specifically on microprocessors. By Ex. 2006’s reference to Burd’s
microprocessor research in the background section, a POSITA would have
concluded that the subject matter of Ex. 2006 improves upon or otherwise modifies
Burd’s microprocessor research. A POSITA would have also concluded that Ex.
2006 is directed to microprocessor technology, as was Burd’s research, and

describes a microprocessor.

Ex. 1032, q[ 27-29; see also Paper 18, pp. 17-18
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« '443 Patent
* Shenai Prior Art Reference
» Georgiou Prior Art Reference

Disputes
« Challenged Claims do not require construction
» Shenai is prior art to the '443 patent
« Shenai teaches domains with independently changeable frequencies

« (Georgiou teaches domains with independently changeable
frequencies

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 28



3. Shenai Teaches Independent Domain Frequencies

There is no dispute that Shenai teaches the highlighted claim language
without Patent Owner’s limiting construction.

1. A multple-clock-domain nucroprpeessor comprising:
a plurality of domains;

for each of the plurality of domains, a clock for separately
generating a clock signal at a frequency for that
domain., the trequency being dynanucally changeable

independently of the frequencies of the clock signals
generated tor others of the plurality of domains; and

tfor each of the plurality of domains, a voltage put for
receiving a voltage which is dynamically changeable

mdependently of the voltages applied to said others of
the plurality of domains.

Paper 17, pp. 8-11; Paper 14, pp. 19-22; Paper 18, pp. 11-12; Ex. 1001, claim 1 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

“for each of the plurality of domains, a clock for separately generating a clock signal at
a frequency for that domain, the frequency being dynamically changeable

independently of the frequencies of the clock signals generated for others of the
plurality of domains™
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Paper 2, p. 27; Ex. 1004, p. 5 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

| Shenai teaches independent clock signals at target frequencies. |

[0035] Circuit 400 may further include plural clock signal
sources/level shifters (clock/shifters) 430, 432, 434 and 436,
which may be coupled with a logic bus 435 for communi-
cation with other devices or components. Clock/shifters
430-436 may also be responsive to controller 450 and
coupled with loads 410-416 so as to provide clock signals
via clock signal buses 445, 446, 447 and 448 1o the loads at
the target frequencies, which may be determined by con-
troller 450, as has been previously described. As was pre-
viously discussed, clock/shifters 430-436 may also include
circuitry that allows electrical signal communication
between loads operating at varying target voltages via signal
busecs 475, 476, 477 and 478. Such an approach may

Paper 2, pp. 10-11; Ex. 1004, /35 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

| Shenai does not require use of integer multiples. |

[0036] Additionally, clock/shifters 430-436 may com-
prise, phase-locked-loop circuits, delay-locked-loop cir-
cuits, or combinational logic circuits for supplying clock
signals to loads 410-416. These circuits may operate at an
integer multiplication, a half-integer multiplication or a
quarter-integer multiplication of a reference clock signal.
Controller 450 may provide the reference clock signal,
though the invention is not so limited. Alternatively, these
circuits may operate at an integer division, a half-integer
division and a quarter-integer division of the reference clock
signal. Such configurations may allow for synchronous

Paper 2, pp. 10-11; Ex. 1004, q 35 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

| Both Shenai and the 443 patent describe distribution of a clock to PLLs.

Additionally, information from DC/DC converters and clock

The global clock distribution network is greatly circuits, such as those described below, may also be com-

simplified, requining only the distribution of the exter- mumf:ated o fmnt‘rolle.r 450 via bl]S‘4ﬁﬂ. Such 1'nf0rmat1f::u
nally generated clock to the local Phase Lock Loop may include circuit activity information, as described herein,
(PLL) in each domain. information from clock circuits regarding lock state, such as

for phase-locked-loop circuits, for example, or any other
information controller 450 might employ when managing
power and clock distribution.

Paper 17, pp. 19-20; Ex. 1001, 4:25-29 (annotated)

Paper 17, pp. 19-20; Ex. 1004, q 29 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

| Shenai teaches independence of domains. |

[0025] Referring now to FIG. 4, an embodiment of a
power distribution management circuit 400 in accordance
with the invention 1s shown. Circuit 400 may for be used to
balance power consumption and performance for plural
loads 410, 412, 414 and 416, though the invention is not so
Limited and fewer or additional loads may be mcluded with
circuit 400. Loads 410-416 may be individual components,
functional blocks of a single component or independent
systems. Typical loads may include an analog to digital

Paper 17, p. 20; Ex. 1004, 9 25 (annotated)

[0042] For embodiments of the invention, such as illus-
trated in FIG. 4, such loads may be partitioned. With the use
of high-speed, regulated DC/DC converters, as previously
described, each load of a partitioned (or dynamically parti-
tioned) complex electronic system may function at voltage
and frequency values that allow the load to realize the power
savings shown 1n FIG. 5§ by line 520. That 1s, some non-
critical components may be provided with clock and voltage
settings that allow them to operate lower down (further to
the left on curve 520), while only those load clusters that
must operate at a higher level of performance operate at a
higher poimnt on curve 520. In this respect, the aggregate
power savings recalized by embodiments of the mvention
may be substantially greater than prior bulk and quasi-static
approaches.

Paper 17, p. 22; Ex. 1004, 9 42 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

| Shenai teaches independence of domains. |

eters for use by controller 450. Preferably, the parameters
provided by the software may still be regarding as guidelines
or initial parameter settings, and the controller preferably
still measures actual subsystem performance and makes
dynamic determinations of actual performance versus
required performance, and further adapts voltage and fre-
quency parameters of the various subsystem#.

[0028] Therefore, controller 450 may communicate with
DC/DC converters and clock signal source/level shifters
associated with each “load” and establish appropriate oper-
ating voltage and frequency values. Other applications, such

Paper 17, p. 22; Ex. 1004, q[] 27-28 (annotated)
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3. Shenai Teaches Independent Domain Frequencies

) .
443 Patent Shenai Georgiou
Common External Clock Common External Clock (CEC) Common External Clock (CEC)
Scale upor || Scaleupor || Scale up or Multiply or | | Multiply or | | Multiply or
down using | | down using | | down using divide CEC by| |divide CEC by| |divide CECby| |Local Clock 1 (LC1)| |Local Clock 2 (LC2)
any value any value a,af2ora a,aflora a,a/2ora = = n
| I any value /2 or a/4 /2 orafd /2 or a/4 CEC /2 CEC/
(a=integer) | | (a=integer] | | (a=integer)
Independentl . . .
chapngeable Y Restricted relative frequencies of Restricted relative frequencies
o domaiﬁs local clocks of local clocks
No relative Each local clock must equal two The following relationship
oo, times, four times, half of, or a between the two local clocks
elationshins quarter of, each other local clock always holds:
P LC2 = (2 xLC1)/n

Paper 18, p. 6
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Overview
« '443 Patent
* Shenai Prior Art Reference
» Georgiou Prior Art Reference

Disputes
« Challenged Claims do not require construction
» Shenai is prior art to the '443 patent
« Shenai teaches domains with independently changeable frequencies

« Georgiou teaches domains with independently changeable
frequencies
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4. Georgiou Teaches Independent Domain Frequencies

“for each of the plurality of domains, a clock for separately generating a clock
signal at a frequency for that domain, the frequency being dynamically changeable
independently of the frequencies of the clock signals generated for others of the
plurality of domains™
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Paper 2, p. 66; Ex. 1008, p. 3 (annotated)
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4. Georgiou Teaches Independent Domain Frequencies

F .
“for each of the plurality of domains, a clock for separately generating a
clock signal at a frequency for that domain, the frequency being dynamically
changeable independently of the frequencies of the clock signals generated
for others of the plurality of domains” / 430
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460
cL? CLs
270 -
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Paper 2, p. 68; Ex. 1008, p. 6 (annotated)
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4. Georgiou Teaches Independent Domain Frequencies

| Georgiou teaches separately generated clock signals. |

1. A multple-clock-domain nucroprpeessor comprising:
a plurality of domains;

for each of the plurality of domains, a clock for separately
generating a clock signal at a frequency for that
domain, the frequency being dynamically changeable

independently of the frequencies of the clock signals
generated for others of the plurality of domains; and

tfor each of the plurality of domains, a voltage put for
receiving a voltage which is dynamically changeable

mdependently of the voltages applied to said others of
the plurality of domains.

Paper 2, pp. 66-69; Ex. 1001, claim 1 (annotated)
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4. Georgiou Teaches Independent Domain Frequencies

Dr. Baker’s testimony as to Georgiou’s disclosure of “a clock for
separately generating a clock signal” stands unrebutted.

198. As canbe seen. current/clock control signal 270 is coupled to the “clock

selector 430 to cooperatively modulate the clock frequency[.]” Jd. at 4:37-39. As
) . - - 201. The “technology associated with each functional unit has been
shown in annotated Figure 4 below, a respective modulated clock frequency 425 is

; . ; : ; characterized at a series of voltage-frequency pairs which satisfy critical timing
generated by a multiplexer corresponding to a respective functional unit. and the]

. . : . paths over expected manufacturing process and operating conditions. Each
respective modulated clock frequency 425 is then applied to each clock mput of a B

corresponding functional unit. Thus, the “clock frequency of the functional unit is multiplexer 470 outputs the selected clock frequency which is coupled to the

modulated[.]” Id. at 4:61-62. The multiplexers 470 of clock selector 430 are particular functional unit via the appropriate one of paths 425.” Id. at 61-67.

associated with each “independently controllable functional unit” such that “each emphasis added. Therefore, not only are the clock signals provided independent to

functional unit may be operating under a different voltage 325 and frequency the other generated clock sigmals. but the clock sigmals are also dynamically

425 combination according to the thermal feedback from its associated thermal changeable depending on the individual operating conditions of each functional unit

ar a gven time. For these reasons. Georgiou teaches for each of the pluralitv of

sensor 119.7 Id. at 5:2-6. emphases added.

199. Additionally, as shown m annotated Figure 4 below. Georgiou

domain, the frequency being dvnamically_changeable independently _of the

describes a clock generator for each of the phality of domaims consisting of the
equencies of the clock signals generated for others of the pluralitv of domains.

dividers 442, 443, etc.. decoder selector 460. and the multiplexers 470. Thus.

multiplexers 470 are each a separate clock. capable of outputting a certam output

clock frequency for a specific functional unit. As indicated. Figure 4 shows

components within clock selector 430. Ex. 1002, 99 198-199, 201 (annotated); see also Paper 18, pp. 8-10
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4. Georgiou Teaches Independent Domain Frequencies

There is otherwise no dispute that Georgiou teaches the highlighted
claim language without Patent Owner’s limiting construction.

1. A multple-clock-domain nucroprpeessor comprising:
a plurality of domains;

for each of the plurality of domains, a clock for separately
generating a clock signal at a frequency for that
domain., the trequency being dynanucally changeable

independently of the frequencies of the clock signals
generated tor others of the plurality of domains; and

tfor each of the plurality of domains, a voltage put for
receiving a voltage which is dynamically changeable

mdependently of the voltages applied to said others of
the plurality of domains.

Paper 17, pp. 8-11; Paper 14, pp. 19-22; Ex. 1001, claim 1
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4. Georgiou Teaches Independent Domain Frequencies

| Georgiou teaches independence of domains. |

The clock selector includes a decoder 4600 which receives
signal 270 associated with a particular functional umt via its
thermal sensor 119 and the temperature decoder 1300 The
decoder 46d) decodes the signal 270 and outputs a clock
select signal 465 1o a select wnput (5) to the multiplexer
associated with the particular [unctional wmit, The clock
select signal 465 15 used to select the clock fregquency

In a preferred embodiment, the present invention is
directed to an improved thermal feedback system and

corresponding to the voliage output by voltage regulator 330 method for CDDP':‘TE‘“VEIY varying the voltage and operating
according 1o signal 270, The clock selector also includes a frequency of a functional unit in a multi-functional wnit
multiplexor selector which selects and latches signal 465 processor such as a superscalar microprocessor, to control
into the appropriate multiplexor 470 according to functional heating. Those skilled in the art will appreciate however, that

unit address 280, Recall that the technology associated with
each functional unit has been characterized at a series of
voltage-frequency pairs which satisfy critical timing paths
over expecied manufacturing process and operating condi-
tions. Each multiplexer 470 outputs the selected clock
frequency which is coupled to the particular functional wnit
via the appropriate one of paths 4285,

Paper 2, p. 66; Ex. 1008, 1:48-53 (annotated)

Paper 2, p. 69; Ex. 1008, 8:50-67 (annotated)
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Thank you.
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